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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 
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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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CHAPTER 1 

INVESTIGATING WHETHER DEPRESSED YOUTH EXHIBITING ELEVATED 

C REACTIVE PROTEIN PERFORM WORSE ON MEASURES OF EXECUTIVE 

FUNCTIONING, VERBAL FLUENCY AND EPISODIC MEMORY IN A LARGE, 

POPULATION BASED SAMPLE OF DUTCH ADOLESCENTS.   
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Introduction 

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

typically first emerges during adolescence (Hasin et al., 2005; Hasin et al., 2018). 

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 (Burcusa & Iacono, 2007; Kessler et al., 2003). 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 (Kessler et al., 2003; 

Oquendo et al., 2003; Ownby et al., 2006; Van der Kooy et al., 2007). 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 (Abramson et al., 1989; Alloy et al., 2006; Beck, 1976; Gotlib & 

Joormann, 2010; N. Mac Giollabhui et al., 2018). 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 
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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 (McDermott & Ebmeier, 

2009; Rock et al., 2014; Snyder, 2013b; Wagner et al., 2012). These deficits are observed 

at first onset (Lee et al., 2012), in both medicated and unmedicated samples (Porter et al., 

2003), and in both community and in-patient samples (Porter et al., 2007). Moreover, 

deficits across a range of cognitive domains persist in remitted depression (most 

consistently in psychomotor speed, attention, executive functioning, and verbal fluency) 

(Bora et al., 2013; Hasselbalch et al., 2011; Rock et al., 2014; Semkovska et al., 2019); 

deficits in episodic memory are typically confined to a current depressive state (Bora et 

al., 2009; Hasselbalch et al., 2011; Rock et al., 2014). There is growing interest in 

understanding why cognitive dysfunction is observed in depression, particularly given its 

major contribution to functional impairment (Jaeger et al., 2006; Whiteford et al., 2013; 

Woo et al., 2016).  

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 (McDermott & Ebmeier, 2009). Second, depression, particularly a 

more severe and/or chronic course, may lead to neuropsychological scarring, such that 

cognitive dysfunction persists beyond a depressive episode (Allott et al., 2016). Third, 

cognitive dysfunction may play a causal role in the onset of depression (Franz et al., 



4 

2011; Gale et al., 2010; Koenen et al., 2009; Zammit et al., 2004) – 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) (Naoise Mac Giollabhui et al., 2018; Mac Giollabhui et al., 

2019; Mac Giollabhui, Swistun, et al., 2020). It should be noted that these 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. (2019) 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 
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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) (Engels 

et al., 2010; Keilp et al., 2008; McDermott & Ebmeier, 2009; Snyder, 2013b; Snyder et 

al., 2015; Sommerfeldt et al., 2016; Veiel, 1997). 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 (Carvalho et al., 2014; 

Snyder et al., 2015). 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 
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of cognitive dysfunction in depression (Carvalho et al., 2014). 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 (Christine et al., 2015; Harrison et al., 2014; Hoogland, 2015; 

Lampa & Westman, 2012) 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 (Crisan et al., 2014; Huang et al., 2016; Li et al., 2014), healthy 

elderly (Baune et al., 2008; Jenny et al., 2012; Noble et al., 2010), and healthy adult 

(Paine et al., 2015; Reichenberg et al., 2001; Yang et al., 2019) samples; however null 

results also are observed (Dik et al., 2005). Inflammatory biomarkers also have been 

prospectively associated with worse cognition in healthy middle-aged samples 

(Karlamangla et al., 2014; Singh-Manoux et al., 2014). Inflammation also is implicated in 

the development of ‘sickness’ behaviors that characterize depression (anhedonia, social 

withdrawal, psychomotor retardation) (Maes et al., 1995; Smith, 1991). Experimental 

induction of inflammation is associated with the onset of depressive symptoms (Dantzer, 

2001) and it also prospectively predicts depression in community samples (Au et al., 

2015; Gimeno et al., 2009; Khandaker et al., 2014). It is noteworthy that elevated 

peripheral biomarkers of inflammation are likely present in just a subgroup 

(approximately 30%) of individuals with MDD (Dowlati et al., 2010; Haapakoski et al., 
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2015; Howren et al., 2009; Kohler et al., 2017; Osimo et al., 2019). 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) (Misiak 

et al., 2018), and there is convergent evidence linking inflammatory biomarkers with 

structural and functional brain abnormalities observed in MDD as well as cognitive 

dysfunction (Carvalho et al., 2014; Drevets et al., 2008; McAfoose & Baune, 2009). 

Elevated inflammatory biomarkers have been associated with psychomotor retardation, 

memory deficits, and impaired executive functioning in adults with current MDD (Chang 

et al., 2012; Goldsmith et al., 2016; Grassi-Oliveira et al., 2011; Krogh et al., 2014); 

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 (Grassi-Oliveira et al., 2011; Krogh et al., 2014). Other 

studies have shown that inflammatory biomarkers may be indirectly associated with 

worse working memory via higher body mass (Yang et al., 2019), 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 

(Mac Giollabhui, Swistun, et al., 2020). 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 
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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.  
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We hypothesized that:  

(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 (Ahern & Semkovska, 2017; Bora et al., 2013; 

Hasselbalch et al., 2011; Rock et al., 2014; Snyder, 2013b). 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 (Shields et al., 2017).  

Materials and Methods 

Participants 

Data were drawn from the TRacking Adolescents’ Individual Lives Survey 

(TRAILS), a prospective cohort study examining psychosocial development and mental 
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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 (Huisman et al., 

2008). 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).    
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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, and males, 𝜒2(1, 2228) = 7.89, 𝑝 = .005. No difference in baseline age was 

observed (p = .12).  

Measures 

Depressive Disorder. 

Depressive disorders were assessed at W4 using the Composite International 

Diagnostic Interview, version 3.0 (CIDI) (Kessler & Üstün, 2004). 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 (Haro et al., 2006; Kessler et al., 2009; Wittchen, 1994).      

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) (Achenbach, 1991). 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 (Achenbach & Rescorla, 2003).  
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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.  

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 Table 1.  
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Table 1. Descriptive Statistics For All Cognitive Measures. 

Cognitive Measures 
Mean 

Standard 

Deviation 

Min. 

Value 

Max. 

Value 
Skewness Kurtosis 

Digit Span Backwards 6.73 2.06 2 14 0.56 0.40 

Self-Ordered Pointing 

Task 
1.56 0.78 0 5 1.07 2.56 

RCFT: Copy 31.44 3.07 19.5 36 -0.95 0.96 

Block Design 44.38 15.04 3 68 -0.38 -0.73 

Rey verbal Learning: 

Immediate 
51.13 8.65 19 70 -0.53 0.34 

Rey verbal Learning: 

Delay 
10.55 2.63 2 15 -0.49 -0.10 

Phonological Fluency 21.93 7.37 4 55 0.43 0.57 

Semantic Fluency 36.44 8.33 13 62 0.22 -0.08 
Min. = Minimum; Max. = Maximum; RCFT = Rey-Osterrieth Complex Figure Test 

 

 

Auditory verbal working memory was measured using the ‘Digit Span 

Backwards’ from the Wechsler Adult Intelligence Scale, third edition (WAIS-III), Dutch 

version (Wechsler, 1997). Visual working memory was assessed using the Self-Ordered 

Pointing Task (Petrides & Milner, 1982); the average number of errors was used as the 

outcome variable for this task, given that it is the most sensitive outcome (Ross et al., 

2007) and to be consistent with prior TRAILS studies (Jonker et al., 2014). Visual 

organization, a component of executive functioning, was assessed using the ‘Copy’ trial 

of the Rey-Osterrieth Complex Figure Test (Shin et al., 2006), 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 

(Wechsler, 1997). Immediate (number of words recalled across five trials) and delayed 
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(number of target words recalled following a delay) verbal episodic memory was 

assessed using a list learning task (Rey Auditory Verbal Learning Test) (Van Der Elst et 

al., 2005). 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 (Miyake & Friedman, 2012), 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 (Henry & 

Crawford, 2005; Whiteside et al., 2016). 

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 
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Standard Classification of Occupations and has been consistently used in TRAILS 

(Ganzeboom & Treiman, 1996; Jonker et al., 2017). Height and weight were measured at 

W3 and used to calculate body mass index (kg/m
2
).  

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. 

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 (2008). 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 

were 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 < 
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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 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] 

(Golden, 2000; Nylund et al., 2007).  

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 (Whiteside et al., 2016) 

and/or psychomotor speed (Henry & Crawford, 2005). 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) (Chen, 2007; Cheung & Rensvold, 2002). 

For the CFI, good fit consisted of a value > .90 and excellent fit by a value > .95. A 
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RMSEA statistic between .05 and .10 was indicative of good fit, whereas a value <.05 

was indicative of excellent fit (Schermelleh-Engel et al., 2003). 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 (Nolen-Hoeksema, 2001; O'Connor et al., 2009).  

Sensitivity analyses [based on recommendations by Mac Giollabhui et al. (Mac 

Giollabhui, Ellman, et al., 2020)] 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.  

Results 

Bivariate correlations and descriptive statistics for the main study variables are 

presented in Table 2 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 
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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 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.    
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Table 2. 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 .03 .04 .00 .00 .00 .01 -.03 .03 .04 .09** .01 -.06* -.04 .03 .00 -.05 -.03 -.03 .03 .03 .03 

2. W1 Sex (Male = 1) - .03 -.02 -.15** -.15** -.04 -.12** -.05 -.17** -.12** -.12** -.03 .17** .09** -.07* -.07* -.05 -.17** -.19** -.04 -.01 

3. W1 SES  - -.07* -.05 -.10** -.09* -.07* -.07* -.05 -.15** -.10** .06 -.18** .26** .16** .13** .24** .17** .10** .22** .28** 

4. W1 Dep Sxsa   - .45** .33** .26** .28** .09** .18** .11** .07* .03 .07* .00 .02 .02 -.10** -.01 -.02 -.01 -.06 

5. W2 Dep. Sxsa    - .53** .37** .52** .14** .27** .06 .08** .02 .04 -.01 .00 .06* -.05 .04 .03 .01 -.02 

6. W3 Dep. Sxsa     - .53** .76** .14** .31** .08* .01 -.03 .13** -.02 .02 .04 -.07* .03 .04 -.04 -.05 

7. W4 Dep. Sxsb      - .44** .21** .30** .04 .01 -.02 .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 -.02 .06* -.02 -.04 .00 -.05 .01 -.02 .00 .00 

11. W3 BMI          - .30** -.03 .14** -.06* -.08** -.07* -.12** -.08** -.06 -.06 -.03 

12. W3 CRP           - -.04 -.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** 

21. W4 Fluency: Seman.                    - .48** 

22. W4 Fluency: Phono.                     - 

Mean .46 .16 .35 .35 .37 .23 .17 .03 .17 21.20 1.16c 0.87 3.17 44.43 31.47 1.56 6.75 51.14 10.53 36.45 21.98 

SD = .50 .77 .29 .28 .32 .27 .38 .16 .38 3.08 2.47c 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; Sxsa = Measured using the Withdrawn/Depressed scale of the Youth Self Report; Sxsb = 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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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 3 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. 
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Table 3. 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: Three 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: Three 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 Three 
Not estimated – two class 

model 

.81** -.21** 130 .79** -.25** 114 

Class Four Not estimated – three 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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Factor Models of Cognitive Variables  

Fit indices for three potential models of the cognitive measures are presented in 

Table 4.  

 

 

Table 4. 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 

 

 

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.  
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Figure 1. Visual depiction of the correlated factors and single hierarchical factor 

models 

 

 

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); 
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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 Table 5 for complete information.  

 

 

Table 5. Model Fit Indices for Structural Models Predicting Domains of Cognitive 

Functioning 

 Model Fit Indices 

Model 𝝌𝟐 = CFI TLI 
RMSEA (90% 

CI) 

Depressive Sxs: Model 1 98.189** .96 .94 .05 (.04, .06) 

Depressive Sxs: Model 2 157.03** .95 .91 .05 (.04, .06) 

Depressive Sxs: Model 3 186.03** .94 .90 .045 (.04, .05) 

Depression Dx: Model 1 88.47** .97 .94 .05 (.04, .06) 

Depression Dx: Model 2 150.672** .95 .92 .046 (.038, .054) 

Depression Dx: Model 3 169.42** .95 .91 .042 (.034, .049) 
Sxs = Symptoms; Dx = Diagnosis; CFI = Comparative Fit Index; TLI = Tucker Lewis Index; RMSEA = Root Mean Square Error of 

Approximation. 

 

 

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 6.  
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Table 6. 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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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 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.  
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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 6 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).  

Discussion 

In a population-based sample of 1,066 Dutch adolescents who were recruited aged 

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 
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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 (Jenny et al., 

2012; Noble et al., 2010; Teunissen et al., 2003; Zheng & Xie, 2018). 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 

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 (Cullen et al., 2017), 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 (Jonker et al., 2014) and was not associated with episodic 
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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 (Alley et al., 2008; Cohen-Manheim et al., 2015; 

Dik et al., 2005; Palta et al., 2015; Singh-Manoux et al., 2014). 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 (Button et al., 2013).  

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. (2017) 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 (Chang et al., 
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2012; Goldsmith et al., 2016; Grassi-Oliveira et al., 2011; Krogh et al., 2014). 

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 (Grassi-Oliveira et al., 2011; Krogh et al., 2014). 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 2). 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 (Ahern & Semkovska, 2017; Rock et al., 2014; 
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Semkovska et al., 2019; Snyder, 2013a). Depressed adults (Ahern & Semkovska, 2017; 

Snyder, 2013b; Veiel, 1997; Zakzanis et al., 1998) and youth (Baune et al., 2014) 

frequently perform worse on tests of verbal fluency, which also can be observed in 

remitted depression (Semkovska et al., 2019). 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 (Henry 

& Crawford, 2005). It may be that such deficits are less commonly observed in youth, 

where relatively fewer studies examining verbal fluency have been carried out (Ahern & 

Semkovska, 2017; Semkovska et al., 2019).  

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 (Burt et al., 1995) and is 

consistent with reduced hippocampal volumes that are consistently observed in 

depression (Videbech & Ravnkilde, 2004). However, reduced hippocampal volumes is 

often associated with recurrent, prolonged or repeated bouts of depression (Sheline et al., 

1999; Sheline et al., 1996; Videbech & Ravnkilde, 2004) and, more importantly, deficits 

in episodic memory are typically not observed in youth with a history of depression (Bora 

et al., 2009; Hasselbalch et al., 2011; Rock et al., 2014). 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 
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recall narratives (Ahern & Semkovska, 2017). In addition, deficits in episodic memory 

are typically not observed in early onset depression but are pronounced in older adults 

(Bora et al., 2013). 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 (Spyridaki et al., 2016; Yang et al., 2018; Yang et al., 

2019). 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 (Mac Giollabhui, Swistun, et al., 2020). 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 (Mac Giollabhui et al., 2019; Mac Giollabhui, Swistun, et al., 2020; 

Shields et al., 2017). For instance, low SES is generally associated with greater risk of 

depression (Reiss, 2013) and risk factors for both depression and cognitive dysfunction, 

including BMI (Mac Giollabhui, Swistun, et al., 2020; Yang et al., 2018), inflammatory 

biomarkers (Muscatell et al., 2018; O'Connor et al., 2009), and diet (Darmon & 



33 

Drewnowski, 2008; Nyaradi et al., 2014). 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. (Mac Giollabhui et al., In Press) 

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 (Shields et al., 2017; 

Snyder & Hankin, 2016).   

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 study. In particular, there is a striking difference in youth performance on 

tests of executive functioning, memory, and language based on SES (Duncan & 

Magnuson, 2012; Hackman et al., 2015). Strong evidence also exists linking higher body 

mass (Cheke et al., 2016; Tabriz et al., 2015; Yang et al., 2018) and increased sedentary 

behavior (Carson et al., 2015; Fedewa & Ahn, 2011) with cognitive dysfunction. Since 

all of these factors are inter-related (Hanson & Chen, 2007; O'Dea & Wilson, 2006; Paine 

et al., 2015; Reichenberg et al., 2001; Singh-Manoux et al., 2014)  and, moreover, also 

are associated with both depression and inflammatory biomarkers (Mac Giollabhui, 

Swistun, et al., 2020; Matthews et al., 2016; Muscatell et al., 2018), an ongoing challenge 
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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 

(Baym et al., 2014; Beydoun et al., 2014; Darmon & Drewnowski, 2008; Francis & 

Stevenson, 2011; Junger & van Kampen, 2010; Molteni et al., 2002; Nyaradi et al., 2014; 

Retterstol et al., 2003; Su et al., 2009). Rather than dissociable risk factors, it may also be 

that some of these factors represent expressions of shared biological pathways (Carvalho 

et al., 2014). 

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 (Hasselbalch et al., 2011). 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 
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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 (Scult et al., 2017). 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.      

Conclusions 

Depression and CRP are already negatively associated with executive functioning 

early in development when cognitive abilities, critical for academic and psychosocial 

functioning, are still emerging. Importantly, these results do provide evidence that 

individuals who experience depression are more likely to exhibit executive functioning 

difficulties, although the underlying causes of 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 inflammatory 

biomarkers are risk markers or mediators for other deleterious processes, such as 
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adiposity, diet, substance use, sedentary behavior, physical acitivity, and/or low 

socioeconomic status.   
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Methods 

Cognitive Functioning – More Detailed Information 

Reliable and valid measures of cognitive functioning were administered in 

TRAILS at Wave 4. Where appropriate, tasks were administered in Dutch or using Dutch 

versions of the task. Normative data were not used because they were not available for all 

measures, Dutch norming data typically are normed based on a substantially smaller 

sample than the current analytic sample, and because the narrow age range of the 

TRAILS cohort limit the risk of age-related bias. Thus, raw data from all 

neuropsychological measures were used in analyses rather than normed data. 

Given the large number of measures of cognitive functioning administered and 

their common use in research and clinical settings, they only are briefly discussed here. 

Auditory, verbal working memory was measured using the ‘Digit Span Backwards’ 

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

(WAIS-III), Dutch version (Wechsler, 1997), which required the respondent to recall a 

series of numbers presented out loud by the examiner and repeat them in reverse order. 

Visual working memory was assessed using the Self-Ordered Pointing Task (Petrides & 

Milner, 1982). For this task, participants selected a picture from several pictures on the 

computer screen. The participant was not allowed to select the same picture twice or to 

select the same place on the computer screen twice. The task consisted of four parts, with 

nine or twelve pictures and with abstract or concrete pictures. The average number of 

errors was used as the outcome variable for this task, given that it is the most sensitive 
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outcome (Ross et al., 2007) and to be consistent with prior TRAILS studies (Jonker et al., 

2014). Given that the overall mean number of errors was low (M = 1.57; SD = .85), the 

values of five individuals with extreme values (5.25, 6.25, 7.0, 8.75, 9.5) were 

windsorized to be equal to five.  

Visual organization, a component of executive functioning, was assessed using 

the ‘Copy’ trial of the Rey-Osterrieth Complex Figure Test (Shin et al., 2006), 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 (Wechsler, 1997). On this task, participants were asked to arrange and assemble 

blocks that have three color patterns so that they match a picture.  

Verbal episodic memory was assessed using a list learning task (Rey Auditory 

Verbal Learning Test) in which participants are asked to recall as many target words as 

they can from 15 common words that are repeated over five trials (Van Der Elst et al., 

2005). Immediate recall (number of words recalled across five trials) and delayed recall 

(number of target words recalled following a delay) were used as outcomes.  

Verbal fluency was measured using a modified version of the short test of 

semantic and phonological fluency (Harrison et al., 2000). In the phonological condition, 

participants were asked to name as many words as they could, except for the names of 

people, starting with a given letter across two trials lasting one minute each. In the 

semantic condition, participants were asked to generate as many words as they could that 

were the names of animals across two minutes. The outcome of semantic fluency was the 
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correct number of words generated per minute and the outcome of phonological fluency 

was the average number of unique words generated across both trials.  

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 (Miyake & Friedman, 2012), 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 (Henry & 

Crawford, 2005; Whiteside et al., 2016). 

Results 

Latent Class Analysis of Depressive Symptoms 

Although a four-class solution performed better than other classes based on fit 

statistics, a four-class model was unable to reliably converge on a single solution and, 

thus, was not considered. A three-class solution performed better than a one- or two-class 

solution when examining log likelihood, AIC, and BIC. Similarly, the adjusted Vuong-

Lo-Mendell-Rubin Log Ratio Test was statistically significant in the three-class solution, 
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suggesting that the three-class solution represented a significant improvement in model 

fit. However, it was difficult to reconcile all of the classes identified by a three-class 

solution with our theoretical understanding of depression. In particular, because this 

study was interested in identifying individuals with a history of depression, the 

distinction of two of the groups in Model Three [(Class Two: intercept: .49, p<.001; 

slope: .17, p<.001) and (Class Three: intercept: .81, p<.001; slope: -.21, p<.001)] did not 

appear to be theoretically meaningful and may rather reflect the timing of a depressive 

period. Consequently, a two-class solution was selected on the basis of better 

performance when examining log-likelihood, AIC, and BIC compared with a one-class 

solution and the clear interpretability consistent with empirical and theoretical 

understanding of depression. 
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CHAPTER 3 

THE LONGITUDINAL ASSOCIATIONS OF INFLAMMATORY BIOMARKERS 

AND DEPRESSION REVISITED: SYSTEMATIC REVIEW, META-ANALYSIS, 

AND META-REGRESSION. 
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Abstract 

The innate immune system is dysregulated in depression; however, less is known about 

the longitudinal associations of depression and inflammatory biomarkers. We 

investigated the prospective associations of depression and inflammatory biomarkers 

[interleukin-6 (IL-6), Tumor Necrosis Factor–Alpha (TNF-α), and C-reactive protein 

(CRP)] in community samples, both unadjusted and adjusted for covariates. The review, 

registered with PROSPERO, searched for published and unpublished studies via 

MEDLINE/PsycINFO/PsycARTICLES/EMBASE/Proquest Dissertation. Standardized 

Fisher transformations of the correlation/beta coefficients, both unadjusted and adjusted 

for covariates, were extracted from studies examining the prospective associations of 

depression and inflammatory biomarkers. Systematic review conducted in January, 2019 

included 38 studies representing 58,306 participants, with up to 27 studies included in 

random-effects meta-analysis. Higher CRP and IL-6 were associated with future 

depressive symptoms, and higher depressive symptoms were associated with higher 

future CRP/IL-6 in both unadjusted and adjusted analyses – this is the first meta-analysis 

reporting an adjusted association of IL-6 with future depression. The adjusted prospective 

associations of depression with CRP/CRP with depression were substantially attenuated 

and small in magnitude. No significant associations were observed for TNF-α. No 

conclusive results were observed in studies of clinical depression. Meta-regression 

indicated that the association of CRP and future depression was larger in older samples 

and in studies not controlling for possible infection. Small, prospective associations of 
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depression and inflammatory biomarkers are observed in both directions, particularly for 

IL-6; however, the strength and importance of this relationship is likely obscured by the 

heterogeneity in depression and profound study/methodological differences. Implications 

for future studies are discussed.  
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Introduction 

Depression is a highly prevalent psychiatric disorder that typically occurs early in 

life, follows a relapsing, remitting course and is associated with a severe disease burden 

(Burcusa & Iacono, 2007; Erskine et al., 2015; Kessler et al., 2003). Although the 

cardinal symptoms of depression are low mood and anhedonia (American Psychiatric 

Association, 2013), depression typically is accompanied by a wide range of symptoms, 

including disrupted appetite, sleep, and cognitive dysfunction. In fact, 227 unique 

symptom profiles exist by which an individual can meet criteria for a depression 

diagnosis (Zimmerman et al., 2015), and in a study of 2,154 depressed individuals, 137 

entirely unique symptom profiles were observed (Olbert et al., 2014). Rather than 

capturing a discrete disease process, it is likely that multiple subtypes of depression exist, 

each characterized by partially distinct etiologies, risk factors, and disruptions to 

neurobiological systems (Kunugi et al., 2015), which may explain why one in three 

depressed patients do not respond to conventional treatments (Rush et al., 2006). Since 

the early 1990s, accumulating evidence suggests that dysregulated immune functioning 

may characterize one subtype of depression (Raison & Miller, 2011; Smith, 1991). 

There is now considerable evidence that both ‘arms’ of the immune system – the 

innate immune system’s rapid and non-specific response to antigens and the adaptive 

immune system’s slower, antibody-generating, specific response - are dysregulated in 

depression [see Irwin and Miller (Irwin & Miller, 2007)]. There also is a better 

understanding of the humoral, neural, and cellular pathways by which peripheral immune 
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activation can lead to the type of disruptions in neurotransmitter metabolism, neural 

plasticity, neuroendocrine function, and neural circuitry that are commonly observed in 

depression (Haroon et al., 2012; Miller et al., 2009; Raison et al., 2006). In particular, 

there is strong evidence that activation of the innate immune system leads to “sickness 

behaviors” (e.g., anhedonia, fatigue, psychomotor retardation) that are characteristic of 

depression (Dantzer et al., 2008). Inflammatory biomarkers that index the innate immune 

response [interleukin-6 (IL-6), Tumor Necrosis Factor – Alpha (TNF-α), and C-reactive 

protein (CRP)] are consistently elevated in clinical (Dowlati et al., 2010) and community 

(Howren et al., 2009) samples of depressed individuals. Moreover, when the innate 

immune system is activated via administration of an endogenous cytokine, interferon-α, 

30-50% of medical patients develop clinical depression (Udina et al., 2012), unless 

prophylactically treated with an antidepressant (Haroon et al., 2012; Musselman et al., 

2001). Less powerful activation of the innate immune response through administration of 

a purified endotoxin or vaccination also reliably induces depressive symptoms (Dantzer 

et al., 2008; Schedlowski et al., 2014).  

It has not been completely established, however, whether inflammation is a cause 

(Chiu et al., 2017; Dantzer et al., 2008), consequence (Berk et al., 2013), or correlate of 

depression (Haroon et al., 2012). Moreover, the observed associations of inflammation 

and depression may be some combination of the above relationships (e.g., bidirectional) 

or caused by a common underlying risk factor (e.g., genotype, stress, adiposity, diet) 

(Mac Giollabhui, Swistun, et al., 2020; Su et al., 2009). Despite being well-positioned to 
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identify the temporal relationship between inflammation and depression, longitudinal 

studies thus far report an inconsistent pattern of results with inflammation predicting 

depression (Bonnie Au et al., 2015; Khandaker et al., 2014), depression predicting 

inflammation (Copeland et al., 2012; Stewart et al., 2009), bidirectional associations 

(Deverts et al., 2010; Matthews et al., 2010), and null results (Niles et al., 2018; Simanek 

et al., 2014). To date, no comprehensive meta-analysis has examined the temporal 

relationships between inflammatory biomarkers and depression across the lifespan, 

although prior work has been conducted either (i) using a very small number of studies 

(Valkanova et al., 2013) or (ii) in elderly samples (Smith et al., 2018). Equally 

importantly, despite widespread knowledge of the many covariates that can influence 

circulating levels of inflammatory biomarkers (Valkanova et al., 2013) and the profound 

differences observed across studies in (i) sample characteristics (size, age, gender, 

socioeconomic status), (ii) how inflammation and depression are measured (fasting 

versus non-fasting/finger prick versus venipuncture blood draws; depression diagnosis 

versus depressive symptoms), (iii) study design (time to follow-up, inclusion/exclusion 

criteria), and (iv) analytic approach (e.g., handling of outliers, exclusion of acute illness, 

statistical approach), no study has systematically investigated how these characteristics 

may modulate the associations of inflammation and depression.  

This systematic review and meta-analysis qualitatively and quantitatively 

synthesize the ever increasing number of longitudinal studies investigating inflammation 

and depression and investigate sources of heterogeneity in effect sizes via meta-
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regression. We focus on three inflammatory biomarkers (IL-6/TNF-α/CRP) that closely 

index activation of the innate immune system because the innate immune system is 

hypothesized to play a causal role in depression and these biomarkers are the most 

commonly reported inflammatory biomarkers used in observational studies. Examining 

the longitudinal associations of inflammatory biomarkers and depression can contribute 

substantially to a theoretical understanding of the role played by the innate immune 

system in depression. Given the general pattern of small, bidirectional associations 

between depression and inflammatory biomarkers observed in prior studies, we 

hypothesize that inflammatory biomarkers will be associated with elevated future 

depression and that depression will be associated with elevated future inflammatory 

biomarkers.  

Material and Methods  

Data Sources 

The systematic review and meta-analysis followed PRISMA/MOOSE guidelines 

and was registered in PROSPERO (CRD42018112132) in November, 2018 prior to data 

collection. We searched databases 

(MEDLINE/PsycINFO/PsycARTICLES/EMBASE/Proquest Dissertation) in January, 

2019 for theses/articles written in English since January, 1970 that indicated prospective 

data for depression and/or inflammatory biomarkers using the following search terms: 

(depress* OR mood OR affect) and (inflamm* OR interleukin OR IL-1 OR IL-6 OR 
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Tumor Necrosis Factor OR TNF OR C-Reactive OR CRP OR cytokine) and (longitudinal 

OR prospective OR follow-up OR followup). 

Study Selection 

Two authors (NMG/TN) iteratively reviewed titles, then abstracts, before 

conducting a full text review of potentially eligible studies. At each stage, decisions 

between raters were compared and discrepancies resolved by consensus. Articles were 

included if: depression was measured via standardized self-report 

questionnaires/diagnostic assessment; inflammation was assessed via saliva, blood assay, 

or lumbar puncture to deliver estimates of CRP, IL-6, or TNF-α; and samples were 

community-based, population-representative and longitudinal in design. We excluded 

manuscripts if: participants were recruited on the basis of a medical/psychiatric 

diagnosis; data were based on non-human studies; outcome data were unavailable and 

could not be supplied by the authors; and results were reported in conferences, abstracts, 

editorials and/or letters only. When multiple manuscripts were based on a single cohort, 

the manuscript with the largest sample was included. Bibliographies were searched for 

relevant manuscripts/conference proceedings and included when appropriate. Community 

samples not recruited randomly were included when broadly representative of the 

community (e.g., convenience sample included if using a diverse sample of employees, 

community sample over-sampled minority group(s), broadly representative but risk-

enriched sample). Study quality was appraised using a modification of the Newcastle 
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Ottawa scale for cross sectional studies (Peterson et al., 2011) and based on a prior meta-

analysis (Smith et al., 2018).  

Data Extraction 

Two authors independently extracted data. Outcomes of interest were: adjusted 

and unadjusted prospective linear associations (correlation/standardized beta coefficients) 

between depressive symptoms (A) and inflammatory biomarkers (B). Where possible, we 

extracted both the unadjusted/least adjusted measure of association between A and B and 

the most adjusted measure of association for A and B. If the appropriate statistics were 

not reported in the manuscript, but could be extrapolated from data presented in the 

manuscript (e.g., standardizing coefficients), this was undertaken. When data were not 

reported, manuscript authors were contacted twice via email requesting data. The 

following information also was extracted: author; year of publication; country; analytic 

sample size; baseline age; sex; race; follow-up duration; depression assessment method; 

inflammatory biomarker assay method/fasting status/time of blood draw/CRP values ≥10 

removed from analyses; covariates included in statistical models; exclusion criteria, and 

kit used to assay inflammatory biomarkers.  

Statistical Analysis 

Meta-analyses were conducted in R (R Core Team, 2019) using ‘metafor’ 

(Viechtbauer, 2010). Random effects models, selected to address known 

methodological/analytical heterogeneity, examined the unadjusted and adjusted 

associations of inflammatory biomarkers (CRP/IL-6/TNF-α) with subsequent depression 
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and the unadjusted and adjusted associations of depression with subsequent inflammatory 

biomarkers (CRP/IL-6/TNF-α). The DerSimonian-Laird estimator was used to estimate 

the variance of the distribution of true effect sizes and Fisher’s z-transformation was 

applied to correlation coefficients and reverse transformed for forest plots. Statistical 

heterogeneity was assessed using Cochrane Q and the inconsistency index (𝐼2), which 

tests whether there is significant variability in the magnitude of effect sizes across 

studies. Subgroup analyses used a fixed effects model to examine whether effect sizes 

differed in studies controlling or not controlling for possible acute infection (effect sizes 

were estimated separately in subgroups utilizing a random-effects-model). Meta-

regression was performed when the number of studies was greater than 10. Publication 

bias was examined visually using a funnel plot and statistically with Egger's regression 

intercept test. Sensitivity analyses replicated meta-analyses in: strictly defined 

community samples, in studies measuring inflammatory biomarkers in venous blood, 

when examining change in depression/inflammation, and in high quality studies – see 

Table 7 for quality assessment scores and Table 8 for quality assessment protocol.    
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Table 7. Study Quality Appraisal of All Studies Included in Systematic Review. 

Author 

1.Representa

tive sampling 

procedure 

2.Same 

referen

ce 

group 

3.Outco

me not 

present 

at start 

4.Adequa

cy of 

follow-up 

5.Adequ

ate 

sample 

size 

6.Co

mpar

able 

cohor

ts 

7. 

Controls 

for 

infection 

or injury 

Sco

re 

Khandaker et al. 1 1 1 1 1 1 1 7 

Adriaensen et al. 1 1 0 1 1 1 0 5 

Deverts et al. 1 1 0 1 1 1 1 6 

Elovainio et al.  1 1 0 0 1 1 1 5 

Simanek et al. 1 1 1 0 1 1 0 5 

Au et al. 1 1 0 0 1 1 1 5 

Copeland et al. 0 1 0 1 1 1 1 5 

Brown et al. 1 1 0 0 1 1 0 4 

Hiles et al. 1 1 0 0 1 1 1 5 

Milaneschi et al. 1 1 1 1 1 1 0 6 

de Mello Franco 

et al. 
0 1 1 0 1 1 1 5 

Das et al. 1 1 0 1 1 1 1 6 

Stewart et al. 1 1 0 1 1 1 1 6 

Kern et al. 1 1 1 0 0 1 0 4 

Zalli et al. 1 1 0 1 1 1 1 6 

Simanek et al. 1 1 1 1 1 1 0 6 

Matthews et al. 1 1 0 1 1 1 1 6 

Baune et al.  1 1 0 1 1 1 0 5 

Duivis et al. 1 1 0 1 1 1 1 6 

Jonker et al. 1 1 0 1 1 1 1 6 

Casaletto et al. 1 1 0 0 0 1 1 4 

Kim et al. 1 1 0 1 1 1 0 5 

Luciano et al. 1 1 0 1 1 1 1 6 

Luukinen et al. 1 1 0 1 1 0 1 5 

Matsushima et al. 1 1 0 1 0 0 0 3 

Nelson et al. 0 1 1 0 0 1 0 3 

Niles et al. 1 1 0 0 1 1 1 5 

Pasco et al. 1 1 1 1 1 1 0 6 

Tully et al. 1 1 0 1 1 1 0 5 

Walss-Bass et al. 0 1 1 1 0 0 0 3 

Oddy et al.  0 1 0 1 1 1 1 5 

Jones et al. 1 1 0 0 1 1 1 5 
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Table 7. (continued) 

Chiang et al. 1 1 0 1 0 1 1 5 

van den Biggelaar 

et al. 
1 1 1 1 1 1 0 6 

Glaus et al. 1 1 1 1 1 1 1 7 

Caserta et al.  0 1 0 1 0 1 0 3 

Mac Giollabhui et 

al. 
1 1 0 1 1 1 1 6 

Forti et al. 1 1 0 1 1 1 0 5 
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Table 8. Modified Quality Assessment Scale used to Appraise Study Quality for all Included 

Studies.  

Selection 

1) Representative sampling procedure of participants in community base  

 a) Yes - truly representative of the average _______________ (describe) in the community * 

b) Somewhat - somewhat representative of the average ______________ in the community * 

c) No selected group - selected group of users (e.g. nurses, volunteers) 

d) No - no description of the derivation of the cohort 

2) People with depression and reference group from same community  

a) Yes - drawn from the same community as the exposed cohort * 

b) Different - drawn from a different source 

c) No - no description of the derivation of the non exposed cohort  

3) Demonstration that outcome of interest was not present at start of study 

a) Yes – individuals with prior history of depression excluded * 

b) No 

4) Adequacy of follow-up of cohorts 

a) Yes - Follow-up > 75% * 

b) Yes - >50% and min. bias - Retention considerable (>50%) and unlikely to introduce bias 

as  

examined in paper via attrition analysis * 

c) No - Increased risk of bias via substantial attrition and absence of analysis 

 

5) Adequate sample size (analytic sample) 

a) Yes - Longitudinal Analysis based on > 200 participants * 

b) No - Longitudinal Analysis based on < 200 participants 

Comparability 

6) Comparability of cohorts on the basis of the design or analysis 

a) Yes - study controlled for at least two important confounds (baseline depression, baseline 

inflammation, BMI, sex) * 

b) No – at no point controls for two+ important confounds  

7) Study controls for acute infection/injury 

 a) Yes - study controls use methodology to attempt to control for acute infection/injury either 

through  

 covariation or exclusion *  

 b)  No - Study does not attempt to control either through exclusion or statistically for 

illness/injury 

 

Note: if data could not be extracted from article, score of 0 given. * indicates response where 

point awarded. 
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Results 

Study Selection 

From 11,176 identified articles, 8,345 were removed following title review and 363 

following abstract review, leaving 73 for full-text review. This led to 38 articles included 

for systematic review (Adriaensen et al., 2014; Au et al., 2015; Baune et al., 2012; Brown 

et al., 2016; Casaletto et al., 2018; Caserta et al., 2011; Chiang et al., 2019; Copeland et 

al., 2012; Deverts et al., 2010; Duivis et al., 2015; Elovainio et al., 2006; Forti et al., 

2010; Glaus et al., 2018; Hiles et al., 2015; Jones et al., 2017; Jonker et al., 2017; Kern et 

al., 2014; Khandaker et al., 2014; Kim et al., 2018; Luciano et al., 2012; Luukinen et al., 

2010; Mac Giollabhui, Swistun, et al., 2020; Matsushima et al., 2015; Matthews et al., 

2010; Milaneschi et al., 2009; Nelson et al., 2018; Niles et al., 2018; Oddy et al., 2018; 

Pasco et al., 2010; Simanek et al., 2014; Simanek et al., 2018; Stewart et al., 2009; Tully 

et al., 2015; van den Biggelaar et al., 2007; Walss-Bass et al., 2018; Zalli et al., 2016) and 

27 for meta-analysis (see Figure 2 for complete information). Details on the excluded 45 

studies can be found in Table 9. 
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Figure 2. Flowchart detailing process by which studies were included in systematic 

review and meta-analysis. 
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Table 9. List of 45 Studies Excluded From Systematic Review. 

Author Year Title Reason for Exclusion 

Rudaz et al. 2017 

Partially distinct combinations of psychological, 

metabolic and inflammatory risk factors are 

prospectively associated with the onset of the 

subtypes of Major Depressive Disorder in midlife 

Duplicate 

Danese et al. 2008 
Elevated inflammation levels in depressed adults 

with a history of childhood maltreatment 
Not Longitudinal 

Kern et al. 2013 

Childhood violence victimisation predicts 

elevated inflammation levels in young women 

independent of latent genetic influences 

Retracted 

McBeth et al. 2018 
The relationship between musculoskeltal pain, 

Inflammation and/or Depression in men 
Could not access data 

Pasquali et al. 2018 

Peripheral biomarkers in new onset of major 

depressive disorder in midlife women: The 

harvard study of moods and cycles 

Duplicate 

Gurka et al. 2016 

Depressive symptoms are associated with 

worsened severity of the metabolic syndrome in 

African American women independent of 

lifestyle factors: A consideration of mechanistic 

links from the Jackson heart study 

Could not access data 

Cohen-Manheim 

et al. 
2015 

Increase in the Inflammatory Marker GlycA over 

13 Years in Young Adults Is Associated with 

Poorer Cognitive Function in Midlife 

Unstandardized 

Measures of 

Inflammation and/or 

Depression 

Freeman et al. 2016 

Sex differences in associations between 

subjective social status and C-reactive protein in 

young adults 

Not Longitudinal 

Das 2017 
Depression, Inflammation, and Physiological 

Risk in Late Life: A National Longitudinal Study 
Not Longitudinal 

Lamers et al. 2019 

Longitudinal association between depression, 

depression characteristics and inflammatory 

markers: Results from the NESDA study 

Not Community 

Sample 

Vogelzangs et al. 2014 

Inflammatory and metabolic dysregulation and 

the 2-year course of depressive disorders in 

antidepressant users 

Duplicate 

Chocano-Bedoya 

et al. 
2014 

C-reactive protein, interleukin-6, soluble tumor 

necrosis factor α receptor 2 and incident clinical 

depression 

Unstandardized 

Measures of 

Inflammation and/or 

Depression 

Moise et al.  2016 

Demystifying the association between depressive 

symptoms and cardiovascular disease in black 

and white adults: The regards study 

 

 

Unstandardized 

Measures of 

Inflammation and/or 

Depression 
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Table 9 (continued) 

De Berardis et al. 2009 
The emerging role of C-reactive protein in affective and 

psychotic disorders 
Review Paper 

Kuo et al.  2005 

Relation of C-reactive protein to stroke, cognitive 

disorders, and depression in the general population: 

systematic review and meta-analysis 

Review Paper 

Martinac et al. 2014 

Metabolic syndrome, activity of the hypothalamic-

pituitary-adrenal axis and inflammatory mediators in 

depressive disorder 

Review Paper 

Martínez-

Cengotitabengoa 

et al. 

2017 
Peripheral Inflammatory Parameters in Late-Life 

Depression: A Systematic Review 
Review Paper 

Smith et al. 2018 

The association between C-reactive protein, Interleukin-

6 and depression among older adults in the community: 

A systematic review and meta-analysis 

Review Paper 

Su et al. 2015 

Nutrition, psychoneuroimmunology and depression: the 

therapeutic implications of omega-3 fatty acids in 

interferon-α-induced depression 

Review Paper 

Valkanova et al.  2013 
CRP, IL-6 and depression: A systematic review and 

meta-analysis of longitudinal studies 
Review Paper 

Hughes & Kumari 2017 

Associations of C-reactive protein and psychological 

distress are modified by antidepressants, supporting an 

inflammatory depression subtype: Findings from 

UKHLS 

Unstandardized 

Measures of 

Inflammation 

and/or 

Depression 

Beach et al. 2017 
When Inflammation and/or Depression go together: The 

longitudinal effects of parent-child relationships 
Not Longitudinal 

Haarman Becking, 

Drexhage & 

Schoevers 

2017 
Immune dysregulation in unipolar and bipolar 

depression 
Duplicate 

Brody et al. 2014 
Harsh parenting and adolescent health: A longitudinal 

analysis with genetic moderation 
Not Longitudinal 

Davis et al. 2019 

Interleukin-6 and Depressive Mood Symptoms: 

Mediators of the Association Between Childhood Abuse 

and Cognitive Performance in Middle-Aged Adults 

Not Longitudinal 

De Berardis et al. 2006 The role of C-reactive protein in mood disorders Review Paper 

Dinan 2012 Cardiovascular outcome in major depression 

Unstandardized 

Measures of 

Inflammation 

and/or 

Depression 

Franco et al. 2017 

Persistent Depressive Symptoms are Independent 

Predictors of Low-Grade Inflammation Onset Among 

Healthy Individuals 

 

Duplicate 



75 

Table 9 (continued) 

Gu et al. 2017 

Circulating inflammatory biomarkers in relation to brain 

structural measurements in a non-demented elderly 

population 

Could not access 

data 

Matthews et al. 2016 

Childhood SES and age as moderators of changes in 

inflammatory markers over time among middle-age 

adults 

Duplicate 

Komulainen et al. 2007 
Serum high sensitivity C-reactive protein and cognitive 

function in elderly women 

Could not access 

data 

Franco 

Laurinavicius et 

al. 

2013 

Depression is an independent predictor of subclinical 

inflammation onset among healthy individuals: A cohort 

study 

Could not access 

data 

Virtanen et al. 2015 
Interleukin-6 as a predictor of symptom resolution in 

psychological distress: A cohort study 

Unstandardized 

Measures of 

Inflammation 

and/or 

Depression 

Wang et al. 2009 

Inflammatory markers as predictors of depression and 

anxiety in adolescents: Statistical model building with 

component-wise gradient boosting 

Unstandardized 

Measures of 

Inflammation 

and/or 

Depression 

Naarding et al. 2005 

A study on symptom profiles of late-life depression: The 

influence of vascular, degenerative and inflammatory 

risk-indicators 

Unstandardized 

Measures of 

Inflammation 

and/or 

Depression 

Gimeno et al. 2009 

Dietary patterns, body mass index and inflammation: 

Pathways to depression and mental health problems in 

adolescents 

Unstandardized 

Measures of 

Inflammation 

and/or 

Depression 

Miller & Cole 2012 
Prospective data from the Women's Health Initiative on 

depressive symptoms, stress, and inflammation 

Not Community 

Sample 

Tully et al.  2016 
Prospective data from the Women's Health Initiative on 

depressive symptoms, stress, and inflammation 
Duplicate 

Rozing et al. 2019 

Inflammation in older subjects with early- and late-onset 

depression in the NESDO study: a cross-sectional and 

longitudinal case-only design 

Not Community 

Sample 

Cizza et al. 2009 

Inflammation in older subjects with early- and late-onset 

depression in the NESDO study: a cross-sectional and 

longitudinal case-only design 

Not Community 

Sample 

Dahl et al. 2014 

The plasma levels of various cytokines are increased 

during ongoing depression and are reduced to normal 

levels after recovery 

Not Community 

Sample 
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Table 9 (continued) 

Dannehl et al. 2014 

The predictive value of somatic and cognitive depressive 

symptoms for cytokine changes in patients with major 

depression 

Not Community 

Sample 

Lamers et al. 2018 
Prospective data from the Women's Health Initiative on 

depressive symptoms, stress, and inflammation 

Not Community 

Sample 

Empana et al. 2005 
Prospective data from the Women's Health Initiative on 

depressive symptoms, stress, and inflammation 

Not Community 

Sample 

 

 

Study characteristics (summarized in Table 10) indicate substantial variability in 

sample characteristics and study methodologies – see supplementary material (‘Study 

Characteristics’) for a complete discussion.  
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Table 10. Study Characteristics For All Studies Examining Prospective Associations of Inflammatory Biomarkers and Depression Included in Systematic Review. 

Author Year Country 

Analyti

c 

Sample 

Baselin

e Age 

% 

Femal

e 

% 

Whit

e 

Follow-

up 

(Years)
a 

In Meta-

analysis

? 

Depressio

n 

assessed 

via 

interview

? 

Biomarke

rs 

Assessed 

(Method) 

CRP>10b

? 

Covariates

? 

Exclusio

n 

Criteriac 

Qualit

y 

Khandaker et al. 2014 UK 4415 9 48.0 98 8.8 Yes No Blood No 
a , b, c, d, 

e, f, s 
d 7 

Adriaensen et al. 2014 Belgium 303 84.3 62.7 nr 1.7 No No Blood No 
a, b, e, f, n, 

o, s 
a 5 

Deverts et al. 2010 USA 2544 40.2 55.0 58.2 5.0 Yes No Blood Yes 

a, b, c, d, e, 

f, g, h, i, j, 

k, l, m, n, 

o, s 

d 6 

Elovainio et al. 2006 Finland 1201 22.5 59.4 nr 9.0 Yes No Blood No 
a, b, d, e, h, 

i, j, k, l, s 
a 5 

Simanek et al. 2014 USA 263 54 57.4 13.7 1.0 Yes No Blood No h, i, o, p c 5 

Au et al. 2015 UK 3397 64.6 56 99 4.0 Yes No Blood No 

a, b, d, e, f, 

h, j, k, l, n, 

o, s 

none 5 

Copeland et al. 2012 USA 1334 14.2 49 89.7 1.0 Yes Yes Finger Yes 

a, b, c, d, e, 

f, g, h, i, o, 

s 

none 5 

Brown et al. 2016 USA 3075 73.6 52 58.3 10.0 No No Blood No CRP 
a, b, e, n, o, 

q 
d 4 

Hiles et al. 2015 Australia 1410 65.6 50 nr 4.5 Yes No Blood Yes 
a, b, e, f, h, 

i, j, n, s 
a, b, d 5 

Milaneschi et al. 2009 Italy 550 75 56 nr 3.0 No No Blood No 
 

c 6 

de Mello Franco 

et al. 
2017 Brazil 1508 41.31 19 nr 2.2 No No Blood Yes 

a, b, e, h, j, 

n 
a, d 5 

Das et al. 2017 USA 2216 67.11 51 80.1 5.0 Yes No Finger Yes* 
a, b, c, d, e, 

f, g, n, o 
none 6 
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Table 10. (continued) 

Stewart et al. 2009 USA 263 61 52 86.7 6.3 Yes No Blood Yes 

a, b, c, d, e, 

f, g, h, i, j, 

k, l, m, n, s 

a, b 6 

Kern et al. 2014 Sweden 86 72.5 100 nr 16.5 No Yes CSF No CRP a, e, h a 4 

Zalli et al. 2016 Holland 656 73 60 nr 5.0 Yes No Blood No 
a, b, e, f, h, 

n, q 
b, d 6 

Simanek et al. 2019 USA 771 69.4 55 nr 1.5 No No Blood2 No 
a, b, c, d, e, 

g, h, i, o 
b, c 6 

Matthews et al. 2010 USA 1714 46.2 100 51 1.0 Yes No Blood Yes 

a, c, d, e, f, 

g, h, j, n, o, 

s 

a, b, d 6 

Baune et al. 2012 Australia 722 78.8 55 nr 2.0 Yes No Blood No 
a, b, d, e, h, 

n, o, q, s 
a, c 5 

Duivis et al. 2015 Holland 1166 11.1 54 nr 3.0 Yes No Blood No* 
a, b, d, e, h, 

j 
d 6 

Jonker et al. 2017 Holland 1084 16.2 54 nr 2.7 Yes Yes Blood Yes 
, b, c, d, e, 

h, i, s 
c, d 6 

Casaletto et al. 2018 USA 165 72.6 49 nr 1.9 Yes No Blood No* a, b, d, s c, d 4 

Kim et al. 2018 Korea 610 72.8 59 nr 2.4 Yes Yes Blood No CRP 
, b, f, g, j, 

n, s 
c 5 

Luciano et al. 2012 Scotland 456 69.5 50 nr 3.0 Yes No Blood No* a, b, e, j, o a 6 

Luukinen et al. 2010 Finland 404 nr 61 nr 2.5 No No Blood Yes 
 

c, d 5 

Matsushima et al. 2015 Japan 64 72.05 74 nr 3.0 Yes No Blood No 
 

b, c 3 

Nelson et al. 2018 Australia 63 14.84 41 77.8 0.6 Yes No Saliva No 
a, b, e, h, q, 

s 
b, c 3 

Niles et al. 2018 USA 13375 67.79 60 81.61 4.0 Yes No Finger Yes 
a, d, e, f, g, 

h, i, j, n, s 
d 5 

Pasco et al. 2010 Australia 644 47 100 nr 10.0 No Yes Blood No 
a, e, h, j, n, 

o 
none 6 

Tully et al. 2015 Australia 1167 54.13 0 nr 4.9 Yes No Blood No a, e, h, j, n a, b, c 5 
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Table 10. (continued) 

Walss-Bass et al. 2018 USA 195 13.37 54 58 0.9 No No Blood No* , c, d 3 

Oddy et al. 2018 Australia 843 14 51 88 3.0 Yes No Blood Yes 
a, c, d, e, h, 

i, j, s 
d 5 

Jones et al. 2017 USA 7477 63.47 100 53.8 15.4 Yes No Blood No* 

a, c, d, e, f, 

g, h, i, j, o, 

s 

d 5 

Chiang et al. 2019 USA 187 16.4 57 nr 2.0 Yes No Finger Yes 
a, b, d, e, h, 

i, n, o 
d 5 

van den Biggelaar 

et al. 
2007 Holland 267 85 63 nr 1.0 Yes No Blood No 

e, f, h, n, q, 

s 
b, c 6 

Glaus et al. 2018 
Switzerla

nd 
2580 43.94 61 96.39 5.8 No Yes Blood Yes 

a, b, c, d, e, 

h, j, n, o, s 
d 7 

Caserta et al. 2011 USA 141 9.31 46 47 0.5 No No Blood No CRP a, b, d, e, s a 3 

Mac Giollabhui et 

al. 
2019 USA 288 16.34 51 41 1.2 Yes No Blood Yes e, f, g, q, s a, c, d 6 

Forti et al. 2010 Italy 652 74.54 55 nr 3.9 Yes No Blood No 
a, b, d, e, n, 

o, q, s 
c 5 

a = If more than two follow-up points of unequal length were included in the study, the average was calculated for the purpose of meta-regression. 
b = Were CRP values greater than or equal to 10mg/L excluded. Where alternative cut-offs were used they are highlighted with “*” and marked “Yes” if they use a more conservative 

cut-off and “No” if they use a more liberal cut-off.   
c = Represents a selection of the most important and common exclusion criteria used across studies.  
1 = Median age reported.  
2 = 32.4% assessed via venipuncture.  

nr = not reported; Finger = Blood drawn via finger prick; CSF = cerebrospinal fluid;  

Covariates: a = age, b = sex, c = race, d = socio-economic status, e = index of body mass/body fat, f = baseline depression, g = baseline inflammatory biomarker, h = smoking status, i = 

alcohol use, j = physical activity, k = triglycerides, l = cholesterol, m = glucose, n = medical diagnosis, o = medication use, p = stress, q = cognitive functioning, r = other 

Exclusion criteria (non-exhaustive list): a = medical diagnosis, b = medication use, c = psychiatric diagnosis, d = acute infection 
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Inflammatory Biomarkers and Subsequent Depression 

There were 32 studies that examined the association between at least one 

inflammatory biomarker (CRP: 25; IL-6: 17; TNF-α: 9) and subsequent depression. 

Baseline CRP was associated with future depressive symptoms in 52% (k=12) of all 

studies, which reduced to 20% (k=5) following adjustment for covariates. Baseline IL-6 

was associated with future depressive symptoms in 25% of studies (k=4), which reduced 

to 13% (k=2) when adjusting for covariates. Baseline TNF-α was associated significantly 

with future depressive symptoms in 0% of studies, which increased to 11% (k=1) when 

adjusting for covariates.  

Meta-analysis  

Random effects meta-analysis reported a significant association of baseline 

unadjusted CRP [f(r)=.058, p < .0001, k=18] and adjusted CRP [(f(r)=.022, p=.002, 

k=19)] with future depression – see Figure 3. Baseline unadjusted IL-6 [f(r)=.053, 

p=.002, k=11] and adjusted IL-6 [f(r)=.043, p < .0001, k=10] were associated 

significantly with future depression – see Figure 4. Neither unadjusted baseline TNF-α 

[f(r)=-.008, p=.83, k=5] nor adjusted TNF-α, [f(r)=.013, p=.64, k=5] were associated 

with future depression.  
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Figure 3. Forest Plots of Baseline CRP and Future Depressive Symptoms 

 

A. Forest Plot Displaying Unadjusted Associations of Baseline CRP and Future Depressive Symptoms 

 
 B. Forest Plot Displaying Adjusted Associations of Baseline CRP and Future Depressive Symptoms 
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Figure 4. Forest Plots of Baseline IL-6 and Future Depressive Symptoms 
 

A. Forest Plot Displaying Unadjusted Associations of Baseline IL-6 and Future Depressive Symptoms 

 
B. Forest Plot Displaying Adjusted Associations of Baseline IL-6 and Future Depressive Symptoms 
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Meta-regression 

The association between baseline CRP and future depression was greater in older 

samples (SD=25.48 years; b=.026, p=.016, k=18), but not for IL-6 (p=.99). Likewise, the 

association of baseline CRP (but not IL-6) and future depression was significantly greater 

in studies that did not remove participants with extreme CRP values (CRP: b=.032, 

p=.049, k=18). Weaker associations for baseline CRP and future depression (b=.-038, 

p=.007, k=18), but not for IL-6 (p=.36), occurred when baseline inflammation was 

controlled. Neither sex, race, nor time to follow-up predicted the association of CRP/IL-6 

with future depression.   

Heterogeneity/Publication bias 

There was substantial heterogeneity in the association of inflammatory 

biomarkers and future depression, which typically decreased in adjusted associations. 

There was no indication of publication bias for CRP, IL-6 or TNF-α – complete details 

provided as supplementary information (‘Heterogeneity and Publication Bias’) and in 

Figure 5. 
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Figure 5. Funnel plots depicting the adjusted and unadjusted associations of inflammatory biomarkers and depressive symptoms.
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Sensitivity analyses 

Results did not differ when analyses were replicated in: community samples 

alone, in studies using venous blood draws, when controlling for baseline depression, and 

in high quality studies. An exception to this was that higher TNF-α predicted higher 

depressive symptoms in studies controlling for baseline depression, [f(r)=0.061, p=.049, 

k=3]. See Table 11 for complete information. 

Depression and Subsequent Inflammatory Biomarkers 

Twenty-two studies examined the association between depression and at least one 

future inflammatory biomarker (CRP: 17; IL-6: 8; TNF-α: 5). Baseline depression was 

associated with future CRP in 65% (k=11) of studies, which reduced to 6% (k=1) after 

adjusting for confounding factors. Depression was associated with future IL-6 in 38% 

(k=3) of studies, which increased to 60% (k=3) when adjusting for confounding factors. 

Baseline depression was not associated with TNF-α in unadjusted (k=5) or adjusted 

analyses (k=3).  

Meta-analysis 

Baseline depression was associated with future CRP in unadjusted [f(r)=.051, p < 

.0001, k=14] and adjusted analyses [f(r)=.011, p=.038, k=14] and for IL-6 in unadjusted 

[f(r)=.090, p < .0001, k=6] and adjusted [f(r)=.094, p=.016, k=5] analyses – see Figure 6. 

Baseline depression was not associated significantly with future TNF-α in either 

unadjusted [f(r)=.015, p=0.49, k=5] or adjusted [f(r)=0.022, p=.48, k=5] analyses. 
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Table 11. Results of Sensitivity Analyses for Inflammation Predicting Future Depression When (a) 

Community Samples Alone are Included, (b) Samples Using Data From Venous Blood Draws Are 

Included, (c) When Controlling for Baseline Depression, and (d) When Only High Quality Studies Are 

Included  

Inflammation predicting to depression 

 f(r)= 95% CI p k 

Community Samples Only     

CRP -> Depression (LA) .061 .041, .080 <.0001 17 

CRP -> Depression (MA) .023 .008, .038 .003 18 

IL6 -> Depression (LA) .053 .019, .087 .002 11 

IL6 -> Depression (MA) .043 .021, .064 <.0001 10 

TNF-α -> Depression (LA) -.008 -.078, .063 .828 5 

TNF-α -> Depression (MA) .013 -.040, .066 .637 5 

     

Venous Blood Only     

CRP -> Depression (LA) .067 .046, .088 <.0001 15 

CRP -> Depression (MA) .019 .002, .036 .031 15 

IL6 -> Depression (LA) .053 .019, .087 .002 11 

IL6 -> Depression (MA) .043 .021, .064 <.0001 10 

TNF-α -> Depression (LA) -.008 -.078, .063 .828 5 

TNF-α -> Depression (MA) .013 -.040, .066 .637 5 

     

Controlling for Baseline Depression     

CRP -> Depression (LA) .053 .031, .074 <.0001 13 

CRP -> Depression (MA) .019 .004, .034 .012 15 

IL6 -> Depression (LA) .080 .053, .108 <.0001 7 

IL6 -> Depression (MA) .047 .021, .073 .0004 7 

TNF-α -> Depression (LA) .052 -.009, .112 .095 3 

TNF-α -> Depression (MA) .061 .0002, .121 .049 3 

     

In High Quality Studies     

CRP -> Depression (LA) .058 .040, .077 <.0001 17 

CRP -> Depression (MA) .022 .001, .036 .002 19 

IL6 -> Depression (LA) .055 .019, .091 .003 9 

IL6 -> Depression (MA) .043 .021, .065 <.0001 9 

TNF-α -> Depression (LA) -.017 -.095, .061 .676 4 

TNF-α -> Depression (MA) .012 -.047, .071 .694 4 

LA = Least Adjusted 

MA = Most Adjusted 
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Figure 6. Forest Plots of Baseline Depressive Symptoms and Future CRP and Future IL-6 

A1. Forest Plot Displaying Unadjusted Associations of Baseline Depressive 

Symptoms and Future CRP 

A2. Forest Plot Displaying Adjusted Associations of Baseline Depressive Symptoms 

and Future CRP 

  
 

B1. Forest Plot Displaying Unadjusted Associations of Baseline Depressive 

Symptoms and Future IL-6 

 

B2. Forest Plot Displaying Adjusted Associations of Baseline Depressive Symptoms 

and Future IL-6 
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Meta-regression  

The unadjusted association of baseline depressive symptoms and future CRP was 

not dependent on age (p=.733), sex (p=.716), the percentage of the sample who identified 

as Caucasian (p=.935), time to follow-up (p=.746) or whether extreme CRP values were 

removed (p=.639). Insufficient studies existed to perform meta-regression for IL-6/TNF-

α.  

Heterogeneity/Publication bias  

There was substantial heterogeneity in the association of depression and future 

inflammatory biomarkers. There was no indication of publication bias for CRP, IL-6 or 

TNF-α. Complete details provided as supplementary information (‘Heterogeneity and 

Publication Bias’) and in Figure 7. 

Sensitivity analyses  

Replication of analyses in community samples alone, in studies using venous 

blood draws, when controlling for baseline depression, and in high quality studies did not 

yield substantially differing results, except that depression did not predict higher CRP 

assayed in venous blood, [f(r)=0.015, p=.076, k=9]. See Table 12 for complete 

information.  
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Figure 7. Funnel Plots Depicting the Adjusted and Unadjusted Associations of Depressive Symptoms and Inflammatory Biomarkers. 

    

   



22 

Table 12. Results Of Sensitivity Analyses For Depression Predicting Future Inflammation When (a) 

Community Samples Alone Are Included (b) Samples Using Data From Venous Blood Draws Are 

Included, (c) When Controlling For Baseline Inflammation, and (d) When Only High Quality Studies 

Are Included  

Depression predicting to inflammation 

 f(r)= 95% CI p k 

Community Samples Only     

Depression  -> CRP  (LA) .053 .028, .077 <.0001 11 

Depression -> CRP  (MA) .012 .0001, .023 .047 11 

Depression -> IL6 (LA) .090 .045, .135 <.0001 6 

Depression -> IL6 (MA) .094 .018, .171 .016 5 

Depression -> TNF-α (LA) .015 -.027, .056 .490 4 

Depression -> TNF-α (MA) .022 -.039, .082 .477 3 

     

Venous Blood Only     

Depression  -> CRP  (LA) .061 .037, .085 <.0001 10 

Depression -> CRP  (MA) .015 -.002, .032 .076 9 

Depression -> IL6 (LA) .090 .045, .135 <.0001 6 

Depression -> IL6 (MA) .094 .018, .171 .016 5 

Depression -> TNF-α (LA) .015 -.027, .056 .490 4 

Depression -> TNF-α (MA) .022 -.039, .082 .477 3 

     

Controlling for Baseline Inflammation     

Depression  -> CRP  (LA) .045 .023, .067 <.0001 10 

Depression -> CRP  (MA) .012 .0005, .023 .041 11 

Depression -> IL6 (LA) .119 .062, .176 <.0001 4 

Depression -> IL6 (MA) .130 .070, .191 <.0001 4 

Depression -> TNF-α (LA) .028 -.033, .088 .371 3 

Depression -> TNF-α (MA) .022 -.039, .082 .477 3 

     

In High Quality Studies     

Depression  -> CRP  (LA) .051 .030, .072 <.0001 13 

Depression -> CRP  (MA) .011 .001, .022 .039 13 

Depression -> IL6 (LA) .096 .049, .144 <.0001 5 

Depression -> IL6 (MA) .109 .026, .193 .011 4 

Depression -> TNF-α (LA) .017 -.027, .060 .447 3 

Depression -> TNF-α (MA) .030 -.036, .095 .378 2 
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Inflammatory Biomarkers and Clinical Depression 

Six studies examined the prospective associations of inflammatory biomarkers 

and a future depression diagnosis (assessed via clinical interview). Considerable 

heterogeneity in sample characteristics and methodologies were evident. Although CRP 

was reported to be associated with first onset of depression in a sample of middle-aged 

women (Pasco et al., 2010), no association was observed in other studies (Copeland et al., 

2012; Jonker et al., 2017). Similarly, inflammatory cytokines (IL-6/TNF-α) did not 

predict onset of future clinical depression in other studies (Glaus et al., 2018; Kern et al., 

2014; Kim et al., 2018). Three studies examining whether a depression diagnosis 

predicted subsequent inflammation found that clinical depression predicted higher future 

CRP. In a prospective study of 1,420 children followed through adolescence, only the 

cumulative number of episodes predicted future CRP following adjustment for covariates 

(Copeland et al., 2012). Incident depression, independent of relevant covariates, was 

significantly associated with increased IL-1β, IL-6, and IL-8 levels in 732 Koreans aged 

65+ assessed at two-year follow-up (Kim et al., 2018). Finally, current, but not remitted 

depression, was associated with higher levels of future CRP (but not IL-6 or  TNF-α) in a 

representative sample of 3,118 individuals at 5 year follow-up (Glaus et al., 2018). 

Details on kits used to measure inflammatory biomarkers provided in Table 13.  
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Table 13. Kits Used To Assay Inflammatory Biomarkers and Measures of Depression. 

Author Kit Depression Measure 

Khandaker et 

al. 2014 

Cytokines: enzyme-linked immunosorbent assay (R&D 

Systems)  

CRP: automated particle-enhanced immunoturbidimetric 

assay (Roche) 

Clinical Interview 

Schedule–

Revised/Mood and 

Feelings 

Questionnaire 

Wim et al. 

2014 

Cytokines: Evidence Investigator Analyzer (IL)  

CRP: UniCel® DxC 800 Synchron  

Geriatric Depression 

Scale -15 

Deverts et al. 

2010 

CRP: BNII nephelometer Center for 

Epidemiologic 

Studies Depression 

Scale 

Elovainio et 

al.  2006 

CRP: automated analyser (Olympus AU400; Olympus, 

USA) and a highly sensitive turbidimetric immunoassay kit 

(‘CRP-UL’ assay, Wako Chemicals, Neuss, Germany). 

Beck Depression 

Inventory 

Simanek et al. 

2014 

Cytokine: QuantiGlo Human IL-6 sandwich enzyme 

immunoassay kit (R & D Systems, USA) 

CRP: Ultra Wide Range Reagent Kit  

Patient Health 

Questionnaire-9 

Au et al. 2015 N Latex CRP mono Immunoassay on the Behring 

Nephelometer II Analyzer (Dade Behring, Milton Keynes, 

UK). 

Center for 

Epidemiologic 

Studies Depression 

Scale 

Copeland et 

al. 2012 

CRP: Biotinstreptavidin based immunofluorometric system Child and Adolescent 

Psychiatric 

Assessment 

Brown et al. 

2016 

Cytokines: enzyme-linked immunosorbent essay kit from 

R&D Systems (Minneapolis, Minnesota) 

Center for 

Epidemiologic 

Studies Depression 

Scale 

Hiles et al. 

2015 

Cytokines: Magnetic bead/chemiluminescent immunoassay 

(Beckman 

Coulter, Fullerton, CA, USA, ref A16369) 

CRP: CRP Flex System on Dimension Vista System 

immunonephelometry (Siemens Healthcare Diagnostics, 

Newark, DE, USA). 

Center for 

Epidemiologic 

Studies Depression 

Scale 

Milaneschi et 

al. 2008 

Serum levels of IL-6, soluble IL-6 receptor (sIL-6r) (80 

kDa), IL-1 , IL-1 receptor antagonist (IL-1ra), tumor 

necrosis factor (TNF) - (kits from BIOSOURCE 

International, Camarillo, California), and IL-18 (kits from 

Quantikine HS, R&D Systems, Minneapolis, Minnesota) 

were measured by enzyme linked immuno-absorbent assays 

(ELISAs). Serum CRP (high-sensitivity) was measured in 

duplicate with an ELISA and colorimetric competitive 

immunoassay. 

Center for 

Epidemiologic 

Studies Depression 

Scale 
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Table 13. (continued) 

de Mello 

Franco et al. 

2017 

CRP: immunonephelometry (Dade-Behring). Beck Depression 

Inventory 

Das et al. 

2017 

Not reported.  Center for 

Epidemiologic 

Studies Depression 

Scale 

Stewart et al. 

2009 

Cytokines: Ultra-sensitive enzyme-linked immunosorbent 

assay kits (R&D Systems;  

CRP: BNII nephelometer utilizing a particle-enhanced 

immunonephelometric assay (Dade Behring, Deerfield, IL). 

Beck Depression 

Inventory-II 

Kern et al. 

2014 

Cytokines: Human Pro-inflammatory II 4-Plex Assay Ultra-

Sensitive Kit (Meso Scale Discovery, Gaithersburg, MD, 

USA).  

Montgomery-

Åsberg Depression 

Rating 

Scale/Clinical 

Interview 

Zalli et al. 

2015 

Cytokines: Quantitative enzyme-linked immunosorbent assay 

with a test 

kit from R&D systems (Minneapolis, MN). 

CRP: Nephelometric method (BN 100, Dade Behring, 

Marburg, Germany). 

Center for 

Epidemiologic 

Studies Depression 

Scale 

Simanek et al. 

2018 

Cytokines: Quantiglo Chemiluminescent Immunoassay, 

QTA00B and Q6000B (R&D Systems, Minneapolis, MN).  

CRP: Ultra Wide Range Reagent Kit latex-enhanced 

immunoassay (Equal Diagnostics, Exton, PA). 

Center for 

Epidemiologic 

Studies Depression 

Scale 

Matthews et 

al. 2010 

CRP: Ultrasensitive rate immunonepholemetry method 

(Dade-Behring, Marburg, Germany). 

Center for 

Epidemiologic 

Studies Depression 

Scale 

Baune et al.  

2012 

Cytokines: Cytometric bead array (CBA, BD Biosciences, 

San Diego, USA). 

CRP: turbidimetric method based on Near Infrared Particle 

Immunoassay rate methodology using the Beckman Coulter 

Synchron LXi analyser (Beckman Coulter, USA). 

Geriatric 

Depression Scale -

15 

Duivis et al. 

2015 

CRP: Immunonephelometric method of the Siemens BN2 

Prospec system with a CardioPhase hsCRP assay.  

Youth Self- Report 

Jonker et al. 

2017 

CRP: Immunonephelometric method, BN2 of Siemens 

Medical Solutions USA (Malvern, PA, USA) 

 

 

Adult Self-Report 

Questionnaire 

(ASR)/Composite 

International 

Diagnostic 

Interview (CIDI) 

Version 3.0 
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Table 13. (continued) 

Casaletto et al. 

2018 

Cytokines: Human proinflammatory panel 1 V-PLEX kits 

provided by Meso 

Scale Diagnostics, LLC (Rockville, MD) and each 

multiplex array was scanned using the MESOQuickPlex 

SQ 120. 

Geriatric Depression 

Scale 

Kim et al. 

2018 

Cytokines: Solid-phase sandwich enzyme-linked 

immunosorbent assay (ELISA) kit (Invitrogen, Camarillo, 

CA, USA) 

Geriatric Mental State 

Schedule 

Luciano et al. 

2012 

Cytokines: Automated Clauss assay (TOPS coagulometer, 

Instrumentation Laboratory, Warrington, UK) and high-

sensitivity ELISA kits (R&D Systems, Oxon, UK). 

CRP: Dry-slide immuno-rate method on the OrthoFusion 

5.1 F.S analyzers 

Hospital Anxiety and 

Depression Scale 

Luukinen et 

al. 2010 

CRP: Innotrac Aio! analyzer (Innotrac Diagnostics Oy, 

Turku, Finland) 

Short Zung Self-

Rating Depression 

Scale 

Matsushima et 

al. 2015 

Cytokines: Sandwich enzyme-linked immunosorbent assay 

(ELISA) kits. 

Beck Depression 

Inventory-II 

Nelson et al. 

2018 

CRP: Bio-Plex multiplex bead array immunoassay system 

of human cytokine panel (Bio-Plex 200 System, Bio-Rad 

Laboratories, Inc., New South Wales, Australia). 

Center for 

Epidemiologic 

Studies Depression 

Scale 

Niles et al. 

2018 

CRP: Standard enzyme-linked immunosorbent assay 

(ELISA).  

Center for 

Epidemiologic 

Studies Depression 

Scale 

Pasco et al. 

2010 

CRP: Roche immunoturbidimetric . Structured Clinical 

Interview for DSM–

IV–TR Research 

Version 

Tully et al. 

2015 

Cytokines: enzyme linked immunosorbent assay (ELISA) 

(Roche Diagnostics, Florham Park, New Jersey, US). 

CRP: Cobas autoanalyzer (Roche Diagnostics, Florham 

Park, New Jersey, US). 

Center for 

Epidemiologic 

Studies Depression 

Scale/Beck 

Depression Inventory 

Walss-Bass et 

al. 2018 

Cytokines: Millipore bead-based flow immunoassays 

(Billerica, MA) in the Luminex FlexMap 3D system 

(Austin, TX), 

Mood-Feelings 

Questionnaire-Child 

(MFQC)/ Schedule 

for Affective 

Disorders and 

Schizophrenia for 

School Aged 

Children - Present 

and Lifetime Version 

(K-SADS -PL) 
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Table 13. (continued) 

Oddy et al.  

2018 

CRP: Immunoturbidimetric method on the Architect c16000. Beck Depression 

Inventory for Youth 

Jones et al. 

2017 

Not reported. Center for 

Epidemiological 

Studies Depression 

scale–short form 

Chiang et al. 

2019 

CRP: High-sensitivity enzyme-linked immunosorbent assay. Center for 

Epidemiological 

Studies Depression 

scale 

van den 

Biggelaar et 

al. 2007 

CRP: Fully automated Hitachi 747 Geriatric 

Depression Scale 

Glaus et al. 

2018 

Cytokines: Multiplexed particle-based flow cytometric 

cytokine assay  

CRP: immunoassay and latex HS (IMMULITE 1000-High, 

Diagnostic Products Corporation, LA, CA, USA) 

Diagnostic 

Interview for 

Genetic Studies 

(DIGS) 

Caserta et al.  

2011 

Cytokines: Quantikine High Sensitivity ELISA kit for human 

interleukin 6 

(IL-6) concentrations (R and D Systems, Minneapolis, MN). 

Children’s 

Depression 

Inventory—Short 

Form 

Mac 

Giollabhui et 

al. 2019 

Cytokines were quantified by multi-cytokine array. 

CRP: Singleplex assay using an electrochemiluminescence 

platform and a QuickPlex SQ 120 imager for analyte 

detection (Meso Scale Discovery, Gaithersburg, MD, USA). 

Children’s 

Depression 

Inventory 

Forti et al. 

2010 

Cytokines: high-sensitivity ELISA kits (R&D Systems Inc., 

Minneapolis, Minn., USA). 

CRP: Latex-enhanced immunonephelometric assay on a BN 

II analyzer (Dade Behring, Milan, Italy). 

Geriatric 

Depression Scale 

 

 

Discussion 

This is the largest, most comprehensive meta-analysis examining the prospective 

associations of depressive symptoms and inflammatory biomarkers. Based on systematic 

review of 38 studies containing 58,256 participants and meta-analysis of 27 studies of 

47,999 individuals, both CRP and IL-6 were associated with future depressive symptoms 
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– importantly, this is the first study to demonstrate a prospective association of IL-6 with 

depression when controlling for covariates. Depression also was associated with future 

CRP and IL-6 in both systematic review and meta-analysis. However, the associations of 

CRP and depression as well as depression and CRP were substantially attenuated 

following adjustment for covariates and the size of adjusted associations were small (r ≤ 

.02). Importantly, the association between CRP and future depressive symptoms was 

larger in older samples and in studies that did not control for possible acute infection. For 

studies measuring clinical depression, conclusive associations between depression and 

inflammatory biomarkers were not observed. There was no evidence for prospective 

relationships between TNF-α and depression.   

Longitudinal studies are crucial in understanding whether inflammatory 

biomarkers prospectively predict future depression (supporting a causal role), are a 

correlate of depression, whether they are risk markers of other risk factors (e.g., BMI), or 

whether inflammation is a consequence of depression (or some combination of the above 

relationships). Both CRP and IL-6 were associated significantly with future depression in 

unadjusted and adjusted analyses; these results differ from previous meta-analyses insofar 

as this is the first study reporting that adjusted IL-6 is associated with future depression 

(Smith et al., 2018; Valkanova et al., 2013). This result is unsurprising because IL-6 is 

arguably the inflammatory biomarker most consistently associated with depression in 

humans (Baumeister et al., 2014) and, instead, likely reflects the greater number of 

studies examining IL-6 that were included in this review. Moreover, this finding is 
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consistent with a recent Mendelian randomization study which found that the genetic 

variants responsible for heightened circulating CRP/IL-6 are causally involved in the 

etiology of depression in a large, population-based sample (Khandaker et al., 2019).      

There was a small, but consistent, association linking depression with future IL-6. 

This may reflect the pro-inflammatory effect of multiple behaviors that often accompany 

depression (e.g., substance use/sedentary behavior/poor diet) (Berk et al., 2013). 

However, although statistically significant, depression was not substantially associated 

with future CRP (r = .01) once relevant covariates were included, a finding observed 

previously (Smith et al., 2018). It is particularly notable that the number of studies 

reporting significant associations for CRP in systematic review dropped from 65% to 6% 

of studies once covariates were included. In particular, multiple studies identified BMI, a 

known risk factor for depression reliably associated with CRP (r≈.4), as a confounding 

(Bonnie Au et al., 2015; Copeland et al., 2012; Elovainio et al., 2006) or mediating (Hiles 

et al., 2015; Mac Giollabhui, Swistun, et al., 2020) variable. Although the association of 

CRP and depression may be spurious, inflammatory biomarkers also may play a 

mechanistic role linking the known association of BMI and depression (Mac Giollabhui, 

Swistun, et al., 2020). Thus, care is needed when interpreting the association of 

depression and inflammatory biomarkers in adjusted analyses.  

The longitudinal associations of inflammatory biomarkers and depression 

observed in this review, particularly in the case of IL-6, suggest that the immune system 

may be implicated in the etiology of depression; however, caution is needed when 



98 

interpreting results. First, whereas inflammatory biomarkers are reliably elevated in 

depression (Dowlati et al., 2010), it is unclear whether they remain elevated when 

depression enters remission. There is some evidence that treatments 

(pharmacological/cognitive-behavioral) decrease concentrations of inflammatory 

biomarkers, that decreased concentrations of biomarkers are correlated with reductions in 

depressive symptoms, and that, following treatment, inflammatory biomarkers do not 

differ between controls and depressed individuals (Hiles et al., 2012; Strawbridge et al., 

2015). Thus, it may be that elevated inflammatory biomarkers are not elevated outside of 

a depressive episode, thereby reducing their detectability in longitudinal studies. Instead, 

the innate immune system may be ‘primed’ towards an exaggerated inflammatory 

response, which may only lead to depression in the context of an immune challenge 

(Dantzer et al., 2008). Second, elevated inflammatory biomarkers typically are observed 

in a subset (25-30%) of depressed individuals, reducing the ability to detect mean level 

associations (Osimo et al., 2019; Raison & Miller, 2011). It is noteworthy that the 

association of CRP and future depression was significantly higher in older samples – it 

may be that dysregulated inflammatory processes indexed by CRP are more important in 

older populations, in line with existing theories of geriatric depression (Alexopoulos & 

Morimoto, 2011). Finally, there is growing appreciation that elevated levels of IL-6 may 

not necessarily reflect a state of chronic, low-grade inflammation (Del Giudice & 

Gangestad, 2018), and thus, may index other pathological processes implicated in 

depression. More work is needed to understand for whom inflammatory processes play a 
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role in the etiology of depression as well as a more nuanced understanding of the role 

played by inflammatory biomarkers in immune functioning.  

This review highlights the profound methodological differences observed across 

studies, which may contribute to weak/inconsistent findings. Inflammatory biomarkers 

fluctuate according to both (largely) fixed (sex/SES/race) and (largely) varying factors 

[kit used(details on kit used to measure inflammatory biomarkers provided in Table 

13)/exercise/substance-use/medication-use/medical status] (O'Connor et al., 2009). 

Although some variability may be difficult to avoid, such as worse health status in elderly 

samples or the known effect of kit selection on concentrations of inflammatory 

biomarkers (Leng et al., 2008), greater effort is needed to produce comparable results. 

For example, there was remarkable variability in how researchers handled CRP values 

≥10. CRP values ≥10 may not capture acute illness [see Mac Giollabhui et al. for a 

review (Mac Giollabhui, Ellman, et al., 2020)] and implementation of standardized 

approaches to assess acute illness is needed in addition to greater efforts to follow 

existing guidelines when controlling for covariates (O'Connor et al., 2009). At the very 

least, reporting sensitivity analyses as supplementary material when different analytic 

strategies were pursued would improve comparability of studies.  

Results should be interpreted within the limitations of this review. A meta-

analysis draws conclusions based on the pooled results of comparable studies and it is 

abundantly clear that studies included in this review differ substantially based on a wide 

range of factors that influence how we interpret results. Likewise, adjusted estimates 
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were based on variables that clearly differed across studies and were limited to studies 

reported in English. However, this systematic review provides the first comprehensive 

picture of longitudinal research linking depression and inflammatory biomarkers, which 

allows us to evaluate and draw conclusions based on a comprehensive review of the 

literature and may prove useful in the design of future studies and informing our 

understanding of the etiology of depression.  

There is growing consensus that innate immune system functioning is disrupted in 

clinical depression; however, a clear understanding of its role in the etiology of 

depression is lacking. The prospective associations of inflammation with future 

depression and depression with future inflammation, particularly in the case of IL-6, that 

were observed in this systematic review suggest that a complex relationship exists. For 

some, inflammation probably plays a causal role in the development of depression and, 

conversely, depressogenic behaviors likely lead to increases in future inflammation. 

Importantly, it is probable that both the strength and importance of this relationship is 

obscured by the heterogeneity inherent in depression as well as profound differences in 

study designs. Greater efforts to reduce variability in how we assess inflammatory 

biomarkers and include/exclude participant data are needed. Although the last two 

decades have seen enormous progress in identifying the biological mechanisms linking 

immune system dysregulation with depression, further work, particularly theoretical 

work, is needed to describe how the immune system relates to depression outside of 

depressive episodes. In particular, fine-grained longitudinal studies that assess 
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inflammatory biomarkers and depression on multiple occasions over relatively short 

periods of time prior to first onset of depression are needed to disentangle the temporal 

relationship between depression and inflammatory biomarkers.  
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Supplementary material presented here as referenced in Chapter 3. 

Results 

Systematic Review: Study Characteristics 

Characteristics of studies included in the systematic review are summarized in Table 10 

(details on kit used to measure inflammatory biomarkers and depression measures provided in 

Table 13). These 38 studies represent 58,256 participants drawn from 13 countries between 2006 

and 2019 who were assessed, on average, 4.19 years (SD=3.80) after baseline. Approximately 

25% of studies involved children, 25% adults, and 50% elderly samples. Samples were, on 

average, 57.26% female (range: 0 – 100%). There was less variability in the racial/ethnic 

composition of samples, although a significant number of studies did not report race (47%), 

particularly studies conducted outside of the United States. The mean percentage of Caucasians 

in studies where race was reported (k=20) was 58.92% (range: 0 – 100%); this mean value was 

affected by three studies that did not include Caucasian participants (1-3) and 69.31% of the 

remaining 56,811 participants enrolled in studies reporting race were Caucasian. Across studies, 

participants were excluded based on: chronic medical conditions (e.g., autoimmune diseases) 

(33.33%), medication use (e.g., corticosteroids) (23.1%), a psychiatric or neurological disorder 

(38.46%), and evidence of possible acute infection (43.59%). Inflammatory biomarkers typically 

were assessed via venipuncture (84.21%). In 34 (of 38) studies reporting on CRP, 13 (44.12%) 

did not remove participants with CRP values greater than 10 mg/L, 15 removed participants with 

CRP values greater than 10 mg/L (38.23%), and 6 (17.64%) used an idiosyncratic approach to 

handle outliers (e.g., removed CRP values greater than 8.6 mg/L). There also was substantial 
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variability in time of day/fasting status of inflammation assessment, in measurement of 

depression (dichotomous/continuous; self-report/interview) and covariates included in analyses.    

Heterogeneity and publication bias 

Prospective Associations of Inflammatory Biomarkers and Subsequent Depression  

Quantitative analysis of heterogeneity indicated high levels of heterogeneity for the 

unadjusted association of baseline CRP and future depressive symptoms (𝐼2=52.87%; 

Q(17)=36.31, p=.004) and moderate levels for the adjusted association (𝐼2=36.50%; 

Q(18)=29.21, p=.046). High levels of heterogeneity were observed for the unadjusted association 

of baseline IL-6 and future depressive symptoms (𝐼2=51.28%; Q(10)=18.07, p=.054), but low 

levels were observed for the adjusted association (𝐼2=5.89%; Q(9)=6.97, p=.64). High levels of 

heterogeneity were observed for the unadjusted association of baseline TNF-α and future 

depressive symptoms (𝐼2=68.39%; Q(4)=14.36, p=.006) and moderate levels for the adjusted 

association (𝐼2=46.76%; Q(4)=7.18, p=.127). Egger's regression intercept test did not indicate 

publication bias for the unadjusted (p=.634) or adjusted (p=.575) association of baseline CRP 

with future depressive symptoms nor for the unadjusted (p=.200) or adjusted (p=.219) 

association of baseline IL-6 with future depressive symptoms. There was no evidence of 

publication bias for the unadjusted (p=.126) or adjusted (p=.071) associations of baseline TNF-α 

with future depressive symptoms.  



114 

 

 Prospective Associations of Depression and Subsequent Inflammatory Biomarkers 

Quantitative analysis of heterogeneity indicated high levels of heterogeneity for the 

unadjusted association of baseline depressive symptoms and future CRP (𝐼2=52.58%; 

Q(13)=27.17, p=.012) and low levels for the adjusted association (𝐼2=0.00%; Q(13)=7.50, 

p=.875). Moderate levels of heterogeneity were observed for the unadjusted association of 

baseline depressive symptoms and future IL-6 (𝐼2=26.51%; Q(5)=6.12, p=.295) and high levels 

were observed for the adjusted association (𝐼2=59.78%; Q(4)=10.28, p=.036). Low levels of 

heterogeneity were observed both for the unadjusted association of baseline depressive 

symptoms and future TNF-α (𝐼2=0.00%; Q(3)=1.67, p=.644) and for the adjusted association 

(𝐼2=0.00%; Q(2)=0.989, p=.610). Egger's regression intercept test did not indicate publication 

bias for the association of baseline depressive symptoms and future CRP [unadjusted (p=.617), 

adjusted (p=.848)], IL-6 [unadjusted (p=.947), adjusted (p=.615)], or TNF-α [unadjusted 

(p=.783), adjusted (p=.349)].  


