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1. Abstract 25 

BACKGROUND 26 

Peripheral inflammatory markers, including serum IL-6, are associated with 27 

depression, but less is known about how these markers associate with depression at 28 

different stages of the life-course.  29 

METHODS 30 
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We examined associations between serum IL-6 levels at baseline and subsequent 31 

depression symptom trajectories in two longitudinal cohorts: ALSPAC (age 10-32 

28y;N=4,835) and UK Biobank (39-86y;N=39,613) using multi-level growth curve 33 

modelling. Models were adjusted for sex, BMI and socioeconomic factors. 34 

Depressive symptoms were measured using the Short Moods and Feelings 35 

Questionnaire (SMFQ) in ALSPAC (max timepoints=11) and the Patient Health 36 

Questionnaire-2 (PHQ-2) in UK Biobank (max timepoints=8).  37 

RESULTS 38 

Higher baseline IL-6 was associated with worse depression symptom trajectories in 39 

both cohorts (largest effect size: 0.046 (ALSPAC, age 16y)). These associations 40 

were stronger in the younger ALSPAC cohort, where additionally higher IL-6 at age 9 41 

years was associated with worse depression symptoms trajectories in females 42 

compared to males. Weaker sex differences were observed in the older cohort, UK 43 

Biobank. However, statistically significant associations (pFDR < 0.05) were of small 44 

effect sizes, typical of large cohort studies. 45 

CONCLUSIONS  46 

These findings suggest that systemic inflammation may influence the severity and 47 

course of depressive symptoms across the life course, which is apparent regardless 48 

of age and differences in measures and number of time points between these large, 49 

population-based cohorts. 50 
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2. Introduction 51 

There is substantial evidence to suggest low grade inflammation, as reflected by 52 

elevated levels of circulating inflammatory markers, such as C-reactive protein 53 

(CRP) and a cytokine interleukin 6 (IL-6), in the blood and cerebrospinal fluid (CSF), 54 

may contribute to the aetiology of depression [1-4]. Neuroimaging and post-mortem 55 

brain studies have shown increased markers of neuroinflammation in individuals with 56 

depression compared to controls [4-6]. Further, peripheral inflammatory markers 57 

have been shown to associate with changes in brain structure in both observational 58 

[7, 8] and Mendelian randomisation (MR) [9] studies, suggesting a potential 59 

mechanism by which inflammation may have a role in depression. Longitudinal 60 

studies have shown increased blood IL-6, but not CRP, levels in childhood associate 61 

with depressive and psychotic symptoms in early adulthood [10-12]. Increased 62 

inflammatory markers have been also shown to associate with worse depressive 63 

symptom severity, including in an MR study that found a potential causal association 64 

of IL-6 with suicidal thoughts [13, 14]. Causal evidence also comes from RCTs 65 

showing anti-inflammatory treatment for chronic inflammatory conditions improves 66 

depressive symptoms independent of improvement in physical symptoms and other 67 

MR studies suggesting putative causality of IL-6 on major depressive disorder [15, 68 

16]. Other clinical trials on anti-inflammatory agents as adjunctive treatment for 69 

depression have resulted in mixed results [17-20], with effective treatment outcomes 70 

more commonly found when stratifying by baseline inflammatory markers [18, 19]. 71 
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Further, there is some pilot evidence to suggest such stratification may be more 72 

pertinent in females compared to males [21]. 73 

Depression affects individuals across the entire life course with an onset typically 74 

occurring between ages 20 to 30 years [22, 23]. However, there are few studies 75 

investigating the effect of baseline inflammation on the longitudinal patterns of 76 

depressive symptoms over the life course. A study using latent class analysis in the 77 

ALSPAC cohort showed that serum IL-6 levels at age 9 years associated with a 78 

trajectory group of persistently worse depressive symptoms from ages 10 to 19 79 

years [24]. A study also using latent class analysis in The Netherlands Study of 80 

Depression and Anxiety (NESDA) cohort (age 18 to 65 years at baseline) found 81 

increased inflammatory blood markers associated with an atypical depression 82 

subgroup [25]. Over a 6-year follow-up this subgroup had higher BMI and rate of 83 

metabolic syndrome compared to a melancholic depression subgroup and controls 84 

[26]. Similar findings of increased prevalence of metabolic syndrome in an atypical 85 

depression latent class were also found in older individuals (aged 60 years or older, 86 

N=510) in The Netherlands Study of Depression in Older persons (NESDO) cohort 87 

[27]. However, none of these studies directly examine the effects of inflammation 88 

over a larger period of the life course. 89 

Examining the effects of inflammation on depression across the life course provides 90 

insight into the heterogeneity and underlying mechanisms of depression at specific 91 

developmental stages, aiding the development of biologically based stratification. 92 

Depression is highly heterogeneous and there is increasing cross-sectional evidence 93 
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that an inflammatory subgroup of depression exists, associated with worse 94 

depressive symptom severity [13, 28]. Therefore, it is crucial to examine whether 95 

increased inflammation associates with increased depression symptom severity over 96 

different stages of the life course. One such method for understanding the 97 

longitudinal relationships between inflammation and depression is trajectory analysis 98 

[29]. Briefly, this method assesses the patterns of change in depressive symptoms 99 

over time (trajectories) for individuals or groups of individuals from repeated 100 

assessments of depression symptoms [29]. This then facilitates the investigation into 101 

risk factors that may influence the course of these trajectories and whether these 102 

effects persist over time. 103 

Additionally, it is known there is a sex difference in both depression and inflammation 104 

[29-32]. Evidence suggests these sex differences extend into differences in 105 

inflammatory-associated depression, especially in adolescence but with inconsistent 106 

findings in later life [33-36]. There is a need to understand the sex differences more 107 

fully at different stages of the life course, whilst assessing repeated measures of 108 

subsequent depression. 109 

Here, we used multi-level growth curve modelling to investigate the effects of IL-6 on 110 

subsequent trajectories of depressive symptoms in two longitudinal cohorts: 111 

ALSPAC (age 10-28y) and UK Biobank (39-86y). Due to previous observational 112 

longitudinal and MR studies showing stronger effects of serum IL-6 compared to 113 

CRP with depression, the focus of this study is on IL-6 [9-12, 16].  Specifically, we 114 

tested whether increased baseline measures of serum IL-6 are associated with 115 
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worse trajectories of depressive symptoms and if this effect is seen consistently 116 

across two different cohorts spanning early and later life. Individuals were divided 117 

into groups based on IL-6 tertiles, with the bottom third tertile group consisting of 118 

people with lower levels of IL-6 and the top third tertile group consisting of people 119 

with higher levels of IL-6, as has been studied previously [37, 38]. We also tested if 120 

there was a sex difference in the relationship between IL-6 and subsequent 121 

trajectories of depressive symptoms, by stratifying analysis by sex. Finally, due to 122 

the difficulty in interpreting the effects of polynomial trajectory models, we also 123 

calculated the mean depressive scores for each IL-6 tertile trajectory and assessed 124 

the differences in depressive scores between the top and bottom third IL-6 tertile 125 

trajectories of depressive symptoms, at different ages. 126 

3. Materials and methods 127 

3.1 Study Sample 128 

3.1.1 ALSPAC Cohort 129 

ALSPAC is an ongoing, longitudinal, prospective, population-based study in South-130 

West England investigating the impact of various exposures on health and 131 

developmental outcomes [39-41]. Initially 14,541 pregnant mothers with an 132 

estimated delivery date between April 1991 and December 1992 were recruited. This 133 

resulted in 14,092 live births and 13,988 children still alive after one year. When the 134 

oldest children were approximately 7 years of age, an attempt was made to bolster 135 

the initial sample with eligible cases who had failed to join the study originally. The 136 
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total sample size for analyses using any data collected after the age of seven is 137 

therefore 15,447 pregnancies, of which 14,901 children were alive at 1 year of age. 138 

Further details of this study cohort are described in the cohort profile publications 139 

[39-41]. Demographics of ALSPAC participants used within the current study are 140 

shown in Table 1. Number of participants at each age for each time point is shown in 141 

Supplementary Table 1. 142 

3.1.2 UK Biobank Cohort 143 

UK Biobank is a large, population-based, prospective study, aiming to investigate 144 

contributing factors to a wide range of health-related outcomes [42]. UK Biobank 145 

consists of over 500,000 participants, aged 39-69 years when recruited between 146 

2006 and 2010 over 22 assessment centres throughout the UK 147 

(http://www.ukbiobank.ac.uk/). 148 

Data collection occurred at both in-person assessment visits and remote online 149 

follow-up questionnaires. In-person assessment visits included an initial assessment 150 

visit (2006-2010), first repeat assessment visit (2012-2013), an imaging visit (2014+) 151 

and a repeat imaging visit (2019+) [42, 43]. Online follow-up questionnaires included 152 

assessments such as mental health (2016-2017), experiences of pain (2019), health 153 

and well-being (2022+) and mental well-being (2022+). Demographics of UK 154 

Biobank participants used within the current study are shown in Table 2. Number of 155 

participants at each age for each time point is shown in Supplementary Table 2. 156 
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3.2 Measures of depressive symptoms 157 

3.2.1 ALSPAC Cohort 158 

The Short Mood and Feelings Questionnaire (SMFQ) was used to assess self-159 

reported depressive symptoms at 11 time points between the ages of 10 to 28 years 160 

(Supplementary Figure 1, Supplementary Table 3). The SMFQ was administered via 161 

mail/email or in clinics. There were four clinic time points (ages 10, 12, 14 and 18 162 

years) and seven remote self-reported (mail) time points (ages 17, 19, 22, 23, 24, 26 163 

and 28 years). The SMFQ is a 13-item questionnaire that measures the presence of 164 

depressive symptoms within the last two weeks [44]. The SMFQ has been used in 165 

clinical populations to assess depressive symptoms [45] and has been shown to 166 

predict clinical depression in ALSPAC [44]. Supplementary Table 4 lists the SMFQ 167 

items. Each item response is scored from 0 to 2 (0 = “not true”, 1 = “sometimes”, 2 = 168 

“true”), where the total summed score ranges from 0 to 26 and where a higher score 169 

corresponds to worse depressive symptoms. The mean number of time points per 170 

participant was 6.12 (median = 6, mode =3). 171 

3.2.2 UK Biobank Cohort 172 

Depressive symptoms were assessed at 8 time points (four in-person and four online 173 

follow-up questionnaire assessments) using questions from the Patient Health 174 

Questionnaire-2 (PHQ-2) which reflect depressed mood and anhedonia 175 

(Supplementary Table 5) [46]. PHQ-2 has previously been shown to be a valid 176 

screening tool for detecting depression [47-49]. The mean, standard deviation, min, 177 
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max and interquartile range of ages at each time point is described in Supplementary 178 

Table 6 and Supplementary Figure 2. The mean number of time points per 179 

participant was 2.56 (median = 2, mode = 1). 180 

3.3 Measures of blood serum IL-6 181 

3.3.1 ALSPAC Cohort 182 

Blood samples were collected at age 9 years (mean age:9.86 years; SD:0.31) and 183 

high sensitivity serum CRP and IL-6 were measured in 5,059 participants. Details of 184 

laboratory methods are described in detail previously [10]. Individuals with serum 185 

CRP ≥ 10mg/L (N = 60) were excluded from the main analysis to minimise 186 

confounding by chronic inflammatory condition or acute infection [50], consistent with 187 

previous studies [10, 38]. The final sample used for analysis consisted of 4,999 188 

participants. 189 

3.3.2 UK Biobank Cohort 190 

Proteomic data was extracted by Olink by analysing blood samples collected at the 191 

initial assessment from a subset of UK Biobank participants (N = 54,239) 192 

(https://biobank.ctsu.ox.ac.uk/crystal/ukb/docs/Olink_proteomics_data.pdf) [51]. This 193 

subset of participants consisted of 46,595 randomly selected participants from the 194 

initial assessment visit, 6,376 participants selected for the UKB-PPP study and 1,268 195 

participants who participated in a COVID-19 repeat-imaging study at multiple visits 196 

[51]. 2,923 unique proteins were measured using Olink Explore 3072 Proximity 197 

Extension Assay. This including IL-6 protein which was measured in 44,076 198 
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participants. Further details on Olink proteomics data are described by UK Biobank 199 

here: https://biobank.ndph.ox.ac.uk/showcase/ukb/docs/Olink_proteomics_data.pdf, 200 

https://biobank.ndph.ox.ac.uk/showcase/ukb/docs/Olink_1536_B0_to_B7_Analysis_Report.p201 

df, 202 

https://biobank.ndph.ox.ac.uk/showcase/ukb/docs/Olink_1536_B0_to_B7_Normaliza203 

tion.pdf, 204 

https://biobank.ndph.ox.ac.uk/showcase/ukb/docs/Olink_1536_B0_to_B7_FAQ.pdf, 205 

https://biobank.ndph.ox.ac.uk/showcase/ukb/docs/PPP_Phase_1_QC_dataset_companion_206 

doc.pdf. Individuals with CRP ≥ 10 mg/L (N = 1,758) were excluded from the main 207 

analysis, to minimize confounding by acute infection and keep analysis consistent to 208 

ALSPAC analysis. Details of blood sampling processing for CRP are described by 209 

UK Biobank here: https://biobank.ndph.ox.ac.uk/ukb/ukb/docs/haematology.pdf, 210 

https://biobank.ndph.ox.ac.uk/showcase/showcase/docs/serum_biochemistry.pdf, 211 

https://www.ukbiobank.ac.uk/media/oiudpjqa/bcm023_ukb_biomarker_panel_website_v1-0-212 

aug-2015-edit-2018.pdf. The final sample used for analysis consisted of 40,069 213 

participants (mean age for baseline IL-6 measurement: 56.6 years; SD:8.10). 214 

3.4 Statistical analysis 215 

3.4.1 Deriving trajectories of depressive symptoms 216 

Multi-level growth curve modelling was conducted in R, using the “lme4” package, to 217 

create population averaged trajectories of depression [52]. Briefly, multi-level growth 218 

curve modelling clusters repeated measures within individuals. Unlike traditional 219 

linear regression, which treats each observation as independent, multi-level growth 220 
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curve modelling recognises that repeated measures within the same individual are 221 

likely to be correlated, which reduces bias. Furthermore, multi-level growth curve 222 

modelling enables the exploration of individual trajectories of change over time. By 223 

allowing for random effects at both the individual level and the group level, this 224 

approach can capture not only mean population trends across the entire sample but 225 

also variations in trajectories among different individuals or groups. 226 

Age was centered to 10 years in ALSPAC and 39 years in UK Biobank (the minimum 227 

age of all assessments in each cohort) in order to improve model convergence and 228 

better interpretation of the results. Continuous covariate variables were Z-score 229 

scaled. 230 

We assessed both linear and non-linear (quadratic, cubic and quartic) models. The 231 

fit of the model was assessed using Bayesian Information Criterion (BIC) and 232 

likelihood ratio test (LRT). A quartic model fitted the ALSPAC data best and a 233 

quadratic model fitted the UK Biobank data best (Supplementary Tables 7-8). 234 

The models included repeated measures per participant of SMFQ scores for 235 

ALSPAC and PHQ-2 scores for UK Biobank and age at which the depression 236 

questionnaire was completed. In ALSPAC the intercept and four polynomial age 237 

terms were able to vary across individuals to capture each individual's unique 238 

trajectory (ie. random intercept and random slopes model). In UK Biobank the 239 

intercept and only linear age terms were able to vary across individuals (ie. random 240 

intercept and random linear slope model). The model did not converge when also 241 

including a random quadratic slope term or when trying a cubic model. Both 242 
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ALSPAC and UK Biobank models included unstructured covariance terms for the 243 

random effects. 244 

To examine how IL-6 associated with changes in depressive symptoms, we split 245 

participants into IL-6 tertile groups [10, 38]. The models included fixed effects of IL-6 246 

tertile and an interaction of IL-6 tertiles with each of the fixed-effect age polynomial 247 

terms. The rationale for this is that categorical groupings of low, medium and high 248 

inflammation is more intuitive to interpret in trajectory models compared to a 249 

continuous variable and is easier to visualise. The IL-6 values of the tertile cut-offs 250 

for UK Biobank were: minimum bottom tertile = -2.34, between bottom and middle 251 

tertiles = -0.310, between middle and top tertiles = 0.304 and maximum top tertile = 252 

10.6. UK Biobank IL-6 data is provided after they apply an in-house normalisation 253 

method which involves a log2 transformation 254 

(https://biobank.ndph.ox.ac.uk/showcase/ukb/docs/Olink_1536_B0_to_B7_Normaliz255 

ation.pdf). The IL-6 values (mg/ml) of the tertile cut-offs for ALSPAC were: minimum 256 

bottom tertile = 0.007, between bottom and middle tertiles = 0.588, between middle 257 

and top tertiles = 1.12 and maximum top tertile = 20.1.  258 

3.4.2 Calculating mean depressive symptom scores 259 

To assess the association between IL-6 tertile groups and development of symptoms 260 

over time, we created a population trajectory for each IL-6 tertile group. We then 261 

calculated the mean depressive symptoms scores at ages 10, 13, 16, 19, 22, 25 and 262 

28 years in ALSAPC and ages 40, 50, 60, 70 and 80 years in UK Biobank for each of 263 

these trajectories, in the fully adjusted models. These ages were chosen to reduce 264 
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the number of multiple tests performed whilst still capturing potentially important 265 

developmental changes over time. We then calculated the differences in mean 266 

depressive symptoms scores at each of these ages of the IL-6 tertile groups in a 267 

pair-wise manner. Further information on how these scores and their differences 268 

were calculated for the trajectories is presented elsewhere [29]. Briefly, the 269 

depressive symptom scores were calculated for each IL-6 tertile group trajectory. 270 

The delta method (which incorporates the estimate, standard errors and confidence 271 

intervals) was then used to compare these two scores (ie. upper vs lower tertile, 272 

lower vs middle tertile, upper vs middle tertile in turn) revealing a mean difference in 273 

scores that are derived estimates from each trajectory. Differences in scores were 274 

transformed to Z-scores to compare results between ALSPAC and UK Biobank 275 

(detailed in Supplementary Methods). P-values were adjusted for multiple testing 276 

using the false discovery rate (FDR). The number of multiple tests were the number 277 

of different time points used to calculate scores for (ALSPAC: n tests  = 7; UK 278 

Biobank: n tests = 5). 279 

3.4.3 Confounders 280 

Confounders used in the ALSPAC models were the same as described in 281 

Edmondson-Stait et al. (2022). Three main models were used, the first was an 282 

unadjusted model with no covariates added, the second was adjusted for sex only 283 

and the third fully adjusted model further included covarying for log-transformed BMI 284 

(at age 9 years) and maternal education as a marker of socioeconomic status [53, 285 

54]. Maternal education was coded as a binary variable as either “CSE/O-286 
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level/Vocational education” or “A-level/degree level of education”. Sex was coded as 287 

a binary variable as either “Male” or “Female”. BMI (age 9 years) was calculated by 288 

dividing weight (kg) by squared height (meters). Distributions and participant counts 289 

of these variables are shown in Supplementary Figure 3. 290 

Confounders used in the UK Biobank models were similar to those used in the 291 

ALSPAC cohort. Three main models were used, the first was a minimally adjusted 292 

model with covariates for protein batch and assessment centre at the initial 293 

assessment. These two covariates were not available in the ALSPAC cohort due to 294 

there being only one assessment centre (unlike UK Biobank that had multiple 295 

assessment centres) and a protein assay (ELISA) that did not include a batch 296 

variable in ALSPAC [10]. The second model was additionally adjusted for sex. The 297 

third fully adjusted model included further covarying for log-transformed BMI (at the 298 

time of blood sample collection), smoking status and Townsend deprivation index as 299 

a marker of socioeconomic status as these have been previously shown to associate 300 

with inflammation or psychiatric disorders [55, 56]. Distributions and participant 301 

counts of these variables are shown in Supplementary Figure 4. 302 

3.4.4 Missing data 303 

Missing outcome data in the trajectories analysis were addressed using full 304 

information maximum likelihood estimation (FIML), as part of the “lmer” function from 305 

the “lme4” package in R [52, 57]. Briefly, this assumes that the probability of an 306 

individual missing a measure of depressive symptoms does not depend on their 307 

underlying depressive symptoms score at that occasion, given their observed 308 
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depressive symptoms trajectory at other occasions. We included individuals into the 309 

analysis if they had at least one measurement of depression symptoms in order to 310 

maximise power [58].  311 

3.4.5 Sensitivity analyses 312 

Sensitivity analyses involved investigating the impact of sex, tertile categorisation of 313 

IL-6, the impact of anti-inflammatory medication and impact of attrition. Previous 314 

studies have shown trajectories of depression are different for males and females 315 

[29, 30]. Therefore, we created a new variable that split the IL-6 tertiles by sex: 316 

female & bottom third IL-6 tertile, female & middle third IL-6 tertile, female & top third 317 

IL-6 tertile, male & bottom third IL-6 tertile, male & middle third IL-6 tertile and male & 318 

top third IL-6 tertile. The models were then run splitting the trajectories on this sex-319 

split IL-6 tertile variable and analysed the same way as in the main analysis. To 320 

assess the effect of tertile categorisation of IL-6, we ran the analysis using a 321 

continuous measure of IL-6 (which was inverse normal transformed to achieve 322 

normal distribution and Z-score scaled) and compared the model estimates. The 323 

impact of inflammatory medication was assessed by removing individuals that might 324 

be taking medication that affects inflammation (ALSPAC N removed = 695; UK 325 

Biobank N removed = 10,652). In ALSPAC, the only measure available for 326 

medication at age 9 years (when IL-6 was measured) was a general variable of 327 

“Currently taking medication?”, therefore this may include medications that do not 328 

impact inflammation. In UK Biobank, anyone taking anti-inflammatory medications 329 

were removed (Supplementary Material; Supplementary Table 9). To assess 330 
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attrition, we used linear regression to test for associations between IL-6 tertile on the 331 

number of questionnaires completed. In UK Biobank, the two imaging time points 332 

were excluded in this count as only a subset of individuals were invited to attend 333 

these appointments. To further assess attrition, we also ran the trajectory models 334 

limiting individuals to only those that had attended at least two assessments. 335 

Additionally, we assessed the differences in markers of socioeconomic status used 336 

in ALSPAC and UK Biobank. To ensure consistency with our previous ALSPAC 337 

study we used maternal education as a marker of socioeconomic status [11]. 338 

However, Townsend deprivation index was used as a marker of socioeconomic 339 

status in UK Biobank as no measure of maternal education was available. Therefore, 340 

we also conducted a sensitivity analysis in ALSPAC using Townsend deprivation 341 

index quintiles as a covariate in place of maternal education allowing a comparison 342 

of results between ALSPAC and UK Biobank (Supplementary Material, 343 

Supplementary Figure 5). 344 

In UK Biobank various other sensitivity analyses were performed. Other factors that 345 

may affect inflammation included inflammatory conditions and high BMI. Individuals 346 

with an inflammatory condition were identified and removed (N removed = 6,342), 347 

using definitions of 49 conditions [59] (Supplementary Table 10). Individuals with 348 

BMI ≥ 40 were also removed (N removed = 577), as inflammation associates with 349 

high BMI (Supplementary Material) [3]. Finally, to assess attrition due to death we 350 

removed people who had died after the initial baseline appointment. Further details 351 
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are in the Supplementary Material. Similar analysis was not conducted in ALSPAC 352 

due to this cohort being a younger age.  353 

4. Results 354 

4.1 Sample characteristics of ALSPAC 355 

A total of 4,999 individuals had serum IL-6 data and CRP < 10 mg/L, of these 4,835 356 

had at least one measurement of depressive symptoms (measured by the SMFQ). 357 

Sample characteristics of this sample are shown in Table 1, split by IL-6 tertile.  358 

4.2 Sample characteristics of UK Biobank 359 

A total of 40,069 individuals had IL-6 data and CRP < 10 mg/L, of these 39,613 had 360 

at least one measurement of depressive symptoms (measured by PHQ-2; 18,958 361 

had depressive symptoms measured only at the initial assessment). Sample 362 

characteristics of this sample are shown in Table 2, split by IL-6 tertile. IL-6 was 363 

measured in the initial assessment in which participant ages ranged from age 39-70 364 

years (mean: 56.6 y; SD:8.10). The mean ages varied for participants in each IL-6 365 

tertile (bottom third: mean: 54.31y, SD: 8.13; middle third: mean: 57.30y, SD: 7.94; 366 

top third: mean: 58.53y, SD: 7.60). 367 
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4.3 Associations of baseline IL-6 with subsequent depressive 368 

symptoms trajectories in ALSPAC 369 

In the fully adjusted model (sex, BMI and maternal education), the overall pattern of 370 

depressive symptom trajectories increased from ages 10 to 20 years, followed by a 371 

plateau from 22 years onwards. The top third IL-6 tertile group had a higher 372 

trajectory compared to both the middle and bottom third IL-6 tertile groups, indicating 373 

increased depressive symptoms across this period (Figure 1A, Supplementary Table 374 

11). However, confidence intervals overlapped across all IL-6 tertile group 375 

trajectories. Model estimates for all models (unadjusted, sex adjusted and fully 376 

adjusted) are presented in Supplementary Table 12. In the fully adjusted model, the 377 

intercept score at age 10 years for the baseline group (bottom third IL-6 tertile) was 378 

1.1192 (SE=0.9868), the linear rate of change was <0.001 (SE=0.12), the quadratic 379 

rate of change was 0.1355 (SE=0.0274), the cubic rate of change was <0.0001 380 

(SE=0.0022) and the quartic rate of change was 0.0003 (SE<0.0001). The 381 

interaction between the top third IL-6 tertile and linear age strongly associated with 382 

depressive symptoms at the age at the intercept (10 years) (β = 0.3581, p = 0.037; 383 

Supplementary Table 12). All other IL-6 tertile terms and their interactions with age 384 

did not associate with depressive symptoms at the age at the intercept (10 years) 385 

(Supplementary Table 12). 386 

Given the difficulty in interpreting non-linear trajectories (i.e., positive linear 387 

polynomial terms, and negative quadratic polynomial terms), we report the mean 388 

differences at various ages across youth development between the bottom third and 389 
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top third IL-6 tertile groups. There was evidence for a difference in depressive 390 

symptom scores between the top third and bottom third IL-6 tertiles across 391 

adolescence at ages 13 (SMFQ Scorediff=0.41, 95%CI 0.126 - 0.694, pFDR=0.0327) 392 

and 16 years (SMFQ Scorediff=0.573, 95%CI 0.258 - 0.888, pFDR=0.0025), but not 393 

the other ages tested (10, 19, 22, 25 and 28 years) (Figure 1B,Table 3). 394 

There was evidence for differences in trajectories between females and males when 395 

splitting each IL-6 tertile group by sex. Depression trajectories and mean depressive 396 

scores across all IL-6 tertiles were worse in females compared to males (Figure 2A, 397 

Table 4, Supplementary Table 13). Females in the top third IL-6 tertile group 398 

generally had worse trajectories. There was evidence for a difference in depressive 399 

symptom scores between the top third and bottom third IL-6 tertiles in females, but 400 

not males, at ages 13 and 16 years (Figure 2B, Table 4, Supplementary Table 14). 401 

Similar results were also seen when using a continuous measure of IL-6, when 402 

individuals taking any medication were removed and when using Townsend 403 

deprivation index quintiles in place of maternal education (Supplementary Tables 15-404 

17). These results were unlikely to be bias by attrition as IL-6 tertiles did not 405 

associate with the number of completed questionnaires (Supplementary Table 18, 406 

Supplementary Figure 6). Additionally, similar results were seen in the trajectory 407 

models when limiting the sample to individuals that had attended at least two 408 

assessments (Supplementary Table 19; Supplementary Figure 7). 409 
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4.4 Associations of baseline IL-6 with subsequent depressive 410 

symptoms trajectories in UK Biobank 411 

In the fully adjusted model (sex, BMI, batch, assessment centre, Townsend 412 

deprivation index and smoking status), the overall pattern of depressive symptom 413 

trajectories decreased from age 39 years until mid 60 years where they begin to 414 

increase. The top third IL-6 tertile group had a higher trajectory compared to both the 415 

middle and bottom third IL-6 tertile groups, indicating increased depressive 416 

symptoms across this period (Figure 3A, Supplementary Table 20). However, 417 

confidence intervals overlapped across all IL-6 tertile group trajectories. Model 418 

estimates for all models (unadjusted, sex adjusted and fully adjusted are presented 419 

in Supplementary Table 21. In the fully adjusted model, the intercept score at age 39 420 

years for the baseline group (bottom third IL-6 tertile) was 0.8401 (SE=0.1338), the 421 

linear rate of change was <0.001 (SE=0.0022) and the quadratic rate of change was 422 

<0.0001 (SE<0.0001). All the IL-6 tertile terms and their interactions with age were 423 

strongly associated with depressive symptoms at the intercept age of 39 years. 424 

Specifically, the middle and top third IL-6 tertile positively associated with depressive 425 

scores at the intercept age of 39 years compared to the lower third IL-6 tertile group 426 

(middle third IL-6 tertile: β=0.1417, p=0.0004; top third IL-6 tertile: β=0.2041, 427 

p<0.0001). The interactions between the middle and top third IL-6 tertile and linear 428 

age were also associated with depressive symptoms (middle third IL-6 tertile x linear 429 

age: β<0.0001, p=0.0003; top third IL-6 tertile x linear age: β<0.0001 , p<0.0001). 430 

Additionally, interactions between the middle and top third IL-6 tertile and quadratic 431 
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age were associated with depressive symptoms (middle third IL-6 tertile x quadratic 432 

age: β=0.0002, p=0.0015; top third IL-6 tertile x quadratic age: β=0.0003, p<0.0001). 433 

There was evidence for a difference in depressive symptom scores between the top 434 

third and bottom third IL-6 tertile groups at ages 40 (PHQ-2 Scorediff=0.187, 95%CI 435 

0.105 - 0.27 , pFDR<0.0001), 50 (PHQ-2 Scorediff=0.059, 95%CI 0.021 - 0.097, 436 

pFDR=0.0111) and 80 years (PHQ-2 Scorediff=0.086, 95%CI 0.026 - 0.147, 437 

pFDR=0.0257), but not the other ages tested (Figure 3B, Table 5). 438 

There was evidence for differences between females and males when splitting each 439 

IL-6 tertile group by sex. Depression trajectories and mean depressive scores across 440 

all IL-6 tertiles were generally worse in females compared to males (Figure 4A, 441 

Supplementary Table 22). There was evidence for a difference in depressive 442 

symptom scores between the top third and bottom third IL-6 tertiles in both males 443 

and females at age 40 years, in males only at age 50 years, but not for ages 60, 70 444 

or 80 years (Figure 4B, Table 6, Supplementary Table 23).  445 

Similar results were also seen when using a continuous measure of IL-6, when 446 

individuals taking anti-inflammatory medication were removed, when individuals with 447 

inflammatory conditions were removed, when individuals with BMI ≤ 40 were 448 

removed and when subsetting to only participants that were alive after the initial 449 

appointment (Supplementary Tables 24-28). However, these results may have been 450 

biased by attrition as IL-6 tertiles were associated with the number of completed 451 

questionnaires in the sample of participants that remained alive after the initial 452 

assessment (Supplementary Table 29, Supplementary Figures 8-9). Additionally, 453 
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trajectory models with samples limited to individuals that had attended at least two 454 

assessments showed smaller effect sizes than in the main analysis (Supplementary 455 

Table 30; Supplementary Figure 10). 456 

5. Discussion 457 

Longitudinal trajectories of depressive symptoms were modelled to investigate the 458 

effects of baseline IL-6 on depressive symptoms in two cohorts spanning different 459 

stages of the life course (ALSPAC and UK Biobank). Higher IL-6 was associated 460 

with worse trajectories of depression symptoms across the life course. This 461 

relationship was stronger the younger cohort (ALSPAC), compared to the older 462 

cohort (UK Biobank). Sex differences were also consistent in both cohorts but 463 

stronger in the younger cohort (ALSPAC), where the association between higher IL-6 464 

and worse depression trajectories were stronger in females compared to males. 465 

The main strengths of this study are the use of two large-scale population cohorts 466 

with prospectively collected data and repeated measures of depression symptoms at 467 

11 assessments across ages 9 to 28 years in ALSPAC and 8 assessments across 468 

ages 39 to 80 years in UK Biobank. This permitted the investigation of identifying the 469 

ages where increased IL-6 associated with worse depression trajectories and 470 

whether these effects were persistent across different stages of the life course. 471 

Similar relationships were observed between IL-6 and depression trajectories in two 472 

different cohorts despite their heterogeneity and no overlap in ages. Also presented 473 

is an alternative way of interpreting trajectory results by looking at mean differences 474 
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in scores at ages, which has only recently been developed in the field of longitudinal 475 

epidemiology [29, 60].  476 

The overall pattern of depression trajectories in ALSPAC was consistent with 477 

previous studies of the same cohort [29, 61]. Depressive symptoms increased from 478 

ages 10 to 20 years, followed by a plateau from 22 years onwards. Depression 479 

trajectories have been modelled in other cohorts and show a similar pattern to the 480 

UK Biobank results in this current study [31], whereby symptoms decrease from age 481 

40 years until mid 60 years where they begin to increase again. There was evidence 482 

that people with higher IL-6 (ie. in the top third IL-6 tertile group) had worse 483 

trajectories than those with lower IL-6 (ie. in bottom third and middle third IL-6 tertile 484 

groups), with the greatest difference in mean depressive symptom scores between 485 

the top third and bottom third IL-6 tertile groups observed at ages 13 and 16 years in 486 

ALSPAC and 40, 50 and 80 years in UK Biobank. The Z-scores of the mean 487 

differences for these ages were also comparable between ALSPAC and UK 488 

Biobank, with slightly larger mean differences in ALSPAC (0.039-0.046) compared to 489 

UK Biobank (0.011-0.018). This suggests that at various points across the life 490 

course, higher IL-6 associates with worse depression symptom trajectories, with a 491 

relatively greater impact of IL-6 on depressive symptoms in younger compared to 492 

older people. Inflammation has been shown to associate with changes in brain 493 

structure which could be one mechanism by which inflammation may contribute to 494 

depression, especially during this vulnerable period of neurodevelopment [7, 8, 62]. 495 

An MR study investigating the effect of peripheral inflammatory markers on brain 496 

structure in older adults from UK Biobank found potential causal mechanisms for 497 
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serum IL-6 on regions associated with major psychiatric disorders (temporal, 498 

fusiform and frontal cortices) [9]. Chronic, systemic inflammation is also associated 499 

with increased age, termed “inflammaging”, which has been linked to various age-500 

related illnesses [63]. Brain related inflammaging such as increased 501 

neuroinflammation and reduced blood-brain barrier integrity which are proposed 502 

mechanisms for depression in later life [63]. Additionally, it may be that other 503 

environmental and social factors having more prominent effects on depression at 504 

later stages of the life course [64]. It should also be noted that there is a difference in 505 

IL-6 assay method used in ALSPAC and UK Biobank. ALSPAC used ELISA which is 506 

commonly used for assessing IL-6 measures. Whereas UK Biobank used Olink 507 

which is a high-throughput method and may not be as accurate as ELISA. 508 

Additionally, these measures are on different scales. ALSPAC IL-6 data is provided 509 

as raw pg/ml measurements whereas UK Biobank is provided after they apply an in-510 

house normalisation method which involves a log2 transformation. 511 

The findings in this study are in line with previous studies. Previous studies have 512 

shown higher IL-6 is associated with depressive symptoms in both a cross-sectional 513 

and cross-lag relationship [3, 10, 16, 24, 38, 65]. Our previous study found IL-6 was 514 

associated with the total number of depressive episodes, representing increased 515 

burden of depression in ALSPAC [11]. Cross-sectionally, an inflammatory subgroup 516 

of depression has been shown to associate with depression severity [13]. Another 517 

study using latent class analysis in ALSPAC showed that baseline serum IL-6 levels 518 

was associated with a trajectory group of persistently worse depressive symptoms 519 

from ages 10 to 19 years [24]. This current study complemented and extended these 520 
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studies in numerous ways. Firstly, by extending the age range investigated in 521 

ALSPAC to also include a period of early adulthood (up to 28 years) in which 522 

development of psychiatric disorders can occur. Secondly, analysis was conducted 523 

in cohorts of both younger (ALSPAC) and older (UK Biobank) age with prospectively 524 

collected data. Thirdly, population level trajectories of depressive symptoms were 525 

assessed using multi-level growth models, rather than probabilistic membership into 526 

groups of individuals identified from latent class analysis. Briefly, multi-level growth 527 

modelling clusters repeated measures within individuals to capture changes over 528 

time. It can also model random effects at both the individual level and the group 529 

level. This allows for the assessment of not only mean population trends across the 530 

entire sample but also variations in trajectories among different individuals or groups 531 

(eg. IL-6 tertile subgroups or males and females). Whereas latent class modelling 532 

assumes there are homogenous subgroups that follow similar longitudinal 533 

trajectories, and estimates these unobserved (latent) subgroups, rather than 534 

modelling predefined or observed groups [66]. 535 

The choice of using multi-level modelling for this study was decided based on 536 

several factors. Firstly, a limitation of latent class modelling in the context of this 537 

study is the sensitivity to the number of time points included in the analysis and the 538 

comparison between what different latent classes might mean between the ALSPAC 539 

and UKB cohorts (i.e., what might increasing and decreasing trajectories mean in the 540 

context of the different developmental windows). Studies using the Short Moods and 541 

Feelings Questionnaire (SMFQ) depression data in ALSPAC have demonstrated this 542 

sensitivity, with different studies identifying varying numbers of latent classes based 543 
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on the number of time points analysed [24, 30, 67, 68]. Such fluctuations make it 544 

challenging to study the true relationships between risk factors and outcomes, as the 545 

latent groups themselves may shift depending on the study design. Whereas multi-546 

level modelling is less sensitive to such changes in number of time points as it 547 

models trajectories on observed groups of individuals. 548 

There was also strong evidence of sex specific effects of IL-6 on depression 549 

trajectories in ALSPAC and weaker evidence in UK Biobank. Previous studies have 550 

shown that females have worse depression trajectories than males in ALSPAC [29-551 

31]. Here, in addition to showing this, sex-differences in depression trajectories were 552 

also shown to persist into older adulthood (39-86 years). This is consistent with 553 

findings in other cohorts [31]. In ALSPAC, there was evidence that the difference in 554 

depressive scores between the top third and bottom third IL-6 tertile at ages 13 and 555 

16 years was greater in females than in males. Similar findings have been reported 556 

elsewhere, showing that IL-6 associates with more severe depression in female but 557 

not male adolescents [33]. This could be due to hormonal changes that occur during 558 

pubertal development [69]. Female sex hormones, such as oestrogen have also 559 

been shown to have effects on the immune system, though depending on context 560 

can have both anti or pro-inflammatory effects [70]. However, there may also be 561 

methodological explanations for this sex difference, such as there are a greater 562 

number of females than males in ALSPAC.  Whereas in UK Biobank the differences 563 

in scores between the top third and bottom third IL-6 tertile remained in both males 564 

and females for ages 40 years but occurred only in males at age 50 years and 565 

diminished at age 80 years. This could be attributed to a variety of explanations 566 
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including that in general inflammation increases with age [71]. In UK Biobank the 567 

ages of participants at the initial assessment when IL-6 was measured varied from 568 

age 39 to 70 years. Whereas in ALSPAC IL-6 was measured at age 9 years. This led 569 

to differences in the mean ages for UK Biobank participants for each IL-6 tertile 570 

group, with an older mean age for each tertile as IL-6 increases. However, age was 571 

included in the models. Future studies should assess the relationship of 572 

inflammatory markers measured at the same age on depression trajectories in older 573 

individuals to strengthen the findings in this current study. 574 

However, extensive sensitivity analyses from both cohorts showed these findings 575 

persisted when controlling for factors that typically affect depression and 576 

inflammation. In ALSPAC, these findings were robust against adjusting for covariates 577 

sex, BMI and socioeconomic markers (maternal education or Townsend deprivation 578 

index quintiles). Sensitivity analyses removing individuals taking any medication also 579 

resulted in similar model coefficients. In UK Biobank, these findings were robust 580 

against adjusting for covariates sex, BMI, Townsend deprivation index and smoking 581 

status.  582 

The UKB-PPP study was enriched for people with ill health and therefore the sample 583 

used for the UK Biobank analysis may be bias to this [51]. This was accounted for in 584 

the sensitivity analyses removing individuals with an inflammatory condition, with 585 

BMI ≥ 40 or who were taking anti-inflammatory medication which showed similar 586 

effects to the main analysis. In both ALSPAC and UK Biobank, using a continuous 587 

measure of IL-6 showed similar results to using IL-6 tertile groups.  588 
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However, it should be noted that these effect sizes are small, and the confidence 589 

intervals are wide (despite the large sample sizes). This could be due to some 590 

limitations of the study. Both ALSPAC and UK Biobank are population-based cohorts 591 

rather than clinical cohorts. Further, UK Biobank participants are more likely to be 592 

female and living in less socioeconomically deprived areas than the general 593 

population [72]. Additionally, although the age range of participants in UK Biobank is 594 

39 to 86 years, the mean participants age is between 57 and 70 years for each time 595 

point (Supplementary Table 6). This contributes to higher confidence intervals in the 596 

distal ages, and therefore results should be interpreted with this in consideration. 597 

Additionally, in UK Biobank the repeat imaging assessment had the lowest sample 598 

size across all time points assessed (N=331). This may affect the robustness of the 599 

growth curve estimation for the age range covered by this assessment. However, 600 

there is some overlap with this age range and other assessment time points with 601 

larger sample sizes (Supplementary Table 2; Supplementary Table 6). It should also 602 

be noted only one inflammatory marker, serum IL-6, was investigated in this study. 603 

This is due to previous longitudinal and MR studies finding the strongest 604 

associations between this marker and depression outcomes, even when additional 605 

inflammatory markers were investigated [9-11, 16]. However, in addition to 606 

inflammatory processes, IL-6 has other physiological roles such as tissue repair and 607 

lipolysis in the liver, which can occur in the absence of inflammation [73]. Future 608 

studies should investigate multiple markers that form inflammatory pathways to fully 609 

understand the role of inflammation in depression. This will require careful 610 
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consideration in incorporating statistical approaches capturing the highly correlated 611 

structure of inflammatory markers with trajectory modelling. 612 

There are also other limitations to consider in this study. Both ALSPAC and UK 613 

Biobank suffer from attrition and in UK Biobank 48% only had one measurement of 614 

depressive symptoms. These individuals were retained in the analysis as they 615 

contribute to the relationship between IL-6 and depression, and a key advantage of 616 

multi-level models is that it uses FIML to account for missing outcome data. 617 

However, if the data is not missing at random then this method would be biased. We 618 

conducted sensitivity tests and found that IL-6 tertile group associated with the 619 

number of times a participant completed a questionnaire associated in UK Biobank 620 

but not in ALSPAC. In UK Biobank this sensitivity analysis was done in participants 621 

that remained alive after the initial assessment, due to this cohort being an older 622 

sample, and excluded the two imaging appointments. Additionally, trajectory models 623 

with samples limited to individuals that had attended at least two assessments 624 

showed smaller effect sizes than in the main analysis in UK Biobank but not in 625 

ALSPAC. These individuals with at least two assessments also had lower IL-6 at 626 

baseline compared to individuals with only one assessment (Supplementary Figure 627 

10). This suggests that there is likely some bias between IL-6 tertile group and 628 

subsequent attrition with data not missing at random in UK Biobank, but not in 629 

ALSPAC. This is similar to findings showing healthy participation bias in UK Biobank 630 

affects downstream analyses in genetic epidemiology studies [74].  631 
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In conclusion, the findings in this study suggest that high IL-6 associates with worse 632 

depression symptom trajectories observed at different stages of the life course, with 633 

stronger associations in younger individuals. However, these statistically significant 634 

associations (pFDR < 0.05) have small effect sizes, which is typical of large cohort 635 

studies.  On further analysis of sex differences, this association was stronger in 636 

females, compared to males in early adolescence. Whereas weaker sex differences 637 

were observed in later life. Future studies could also investigate the trajectories of 638 

different depression subtypes, such as atypical depression, and whether 639 

inflammatory proteins from a wider panel of markers influence their trajectories 640 

across the life course. 641 

Acknowledgements 642 

This research was funded by the Wellcome Trust (Grant No. 108890/Z/15/Z). For the 643 

purpose of open access, the authors have applied a CC BY public copyright licence 644 

to any Author Accepted Manuscript version arising from this submission. 645 

The UK Medical Research Council and Wellcome (Grant No.: 217065/Z/19/Z) and 646 

the University of Bristol provide core support for ALSPAC. This publication is the 647 

work of the authors and Amelia Edmondson-Stait and Alex Kwong will serve as 648 

guarantors for the contents of this paper. A comprehensive list of grants funding is 649 

available on the ALSPAC website: 650 

(http://www.bristol.ac.uk/alspac/external/documents/grant-acknowledgements.pdf); 651 

This research was specifically funded by the MRC (MR/M006727/1 and 652 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

GO701503/85179), Wellcome Trust (08426812/Z/07/Z)], Wellcome Trust and MRC 653 

(092731), NIH (PD301198-SC101645). 654 

UK Biobank Data acquisition and analyses were conducted using the UK Biobank 655 

Resource under approved project #4844. 656 

ED was supported by the UK Research and Innovation (Grant No. EP/S02431X/1), 657 

UK Research and Innovation Centre for Doctoral Training in Biomedical AI at the 658 

University of Edinburgh, School of Informatics. ASFK is funded by a Wellcome Early 659 

Career Award (Grant ref: 227063/Z/23/Z). AMM is supported by Wellcome Trust 660 

Investigator Award (Grant ref: 220857/Z/20/Z). 661 

GMK acknowledges funding support from the UK Medical Research Council (MRC) 662 

via the Integrative Epidemiology Unit (IEU) at the University of Bristol 663 

(MC_UU_00032/06), and additional funding from the Wellcome Trust (201486/Z/16/Z 664 

and 201486/B/16/Z), the MRC (MR/W014416/1; MR/S037675/1; and The 665 

CHECKPOINT Hub, APP4735-GTEE-2024), and the UK National Institute of Health 666 

and Care Research (NIHR) Bristol Biomedical Research Centre (NIHR 203315). The 667 

views expressed are those of the authors and not necessarily those of the UK NIHR 668 

or the Department of Health and Social Care.  669 

We are extremely grateful to all the families who took part in both the ALSPAC and 670 

UK Biobank studies, the whole ALSPAC and UK Biobank teams, which includes 671 

interviewers, computer and laboratory technicians, clerical workers, research 672 

scientists, volunteers, managers, receptionists, midwifes and nurses. 673 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

Conflict of Interest 674 

None to declare. 675 

For supplementary material accompanying this paper, visit cambridge.org/EPA. 676 

Data availability 677 

The data used in the present study is available from UK Biobank and ALSPAC with 678 

restrictions applied. Data were used under license and thus not publicly available. 679 

Access to the UK Biobank data can be requested through a standard protocol 680 

(https://www.ukbiobank.ac.uk/register-apply/). The ALSPAC study website contains 681 

details of all data available: http://www.bristol.ac.uk/alspac/researchers/our-data. Code 682 

used for analysis is publicly available on GitHub 683 

(www.github.com/ameliaes/2025_EurPsych). 684 

  685 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://www.ukbiobank.ac.uk/register-apply/
http://www.bristol.ac.uk/alspac/researchers/our-data
http://www.github.com/ameliaes/2025_EurPsych
https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

7. References 686 

[1] Kohler CA, Freitas TH, Maes M, de Andrade NQ, Liu CS, Fernandes BS, et al. 687 

Peripheral cytokine and chemokine alterations in depression: a meta-analysis of 82 688 

studies. Acta Psychiatr Scand. 2017;135(5):373-87. 689 

https://doi.org/10.1111/acps.12698. 690 

[2] Haapakoski R, Mathieu J, Ebmeier KP, Alenius H, Kivimaki M. Cumulative meta-691 

analysis of interleukins 6 and 1beta, tumour necrosis factor alpha and C-reactive 692 

protein in patients with major depressive disorder. Brain Behav Immun. 693 

2015;49:206-15. https://doi.org/10.1016/j.bbi.2015.06.001. 694 

[3] Osimo EF, Pillinger T, Rodriguez IM, Khandaker GM, Pariante CM, Howes OD. 695 

Inflammatory markers in depression: A meta-analysis of mean differences and 696 

variability in 5,166 patients and 5,083 controls. Brain, Behavior, and Immunity. 697 

2020;87:901-9. https://doi.org/10.1016/j.bbi.2020.02.010. 698 

[4] Enache D, Pariante CM, Mondelli V. Markers of central inflammation in major 699 

depressive disorder: A systematic review and meta-analysis of studies examining 700 

cerebrospinal fluid, positron emission tomography and post-mortem brain tissue. 701 

Brain Behav Immun. 2019;81:24-40. https://doi.org/10.1016/j.bbi.2019.06.015. 702 

[5] Holmes SE, Hinz R, Conen S, Gregory CJ, Matthews JC, Anton-Rodriguez JM, et al. 703 

Elevated Translocator Protein in Anterior Cingulate in Major Depression and a Role 704 

for Inflammation in Suicidal Thinking: A Positron Emission Tomography Study. 705 

Biological Psychiatry. 2018;83(1):61-9. 706 

https://doi.org/10.1016/j.biopsych.2017.08.005. 707 

[6] Setiawan E, Wilson AA, Mizrahi R, Rusjan PM, Miler L, Rajkowska G, et al. Role of 708 

translocator protein density, a marker of neuroinflammation, in the brain during 709 

major depressive episodes. JAMA Psychiatry. 2015;72(3):268-75. 710 

https://doi.org/10.1001/jamapsychiatry.2014.2427. 711 

[7] Conole ELS, Stevenson AJ, Muñoz Maniega S, Harris SE, Green C, Valdés Hernández 712 

MDC, et al. DNA Methylation and Protein Markers of Chronic Inflammation and Their 713 

Associations With Brain and Cognitive Aging. Neurology. 2021;97(23):e2340-e52. 714 

https://doi.org/10.1212/wnl.0000000000012997. 715 

[8] Green C, Shen X, Stevenson AJ, Conole ELS, Harris MA, Barbu MC, et al. Structural 716 

brain correlates of serum and epigenetic markers of inflammation in major 717 

depressive disorder. Brain, Behavior, and Immunity. 2021;92:39-48. 718 

https://doi.org/10.1016/j.bbi.2020.11.024. 719 

[9] Williams JA, Burgess S, Suckling J, Lalousis PA, Batool F, Griffiths SL, et al. 720 

Inflammation and Brain Structure in Schizophrenia and Other Neuropsychiatric 721 

Disorders. JAMA Psychiatry. 2022. 722 

https://doi.org/10.1001/jamapsychiatry.2022.0407. 723 

[10] Khandaker GM, Pearson RM, Zammit S, Lewis G, Jones PB. Association of Serum 724 

Interleukin 6 and C-Reactive Protein in Childhood With Depression and Psychosis in 725 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1111/acps.12698
https://doi.org/10.1016/j.bbi.2015.06.001
https://doi.org/10.1016/j.bbi.2020.02.010
https://doi.org/10.1016/j.bbi.2019.06.015
https://doi.org/10.1016/j.biopsych.2017.08.005
https://doi.org/10.1001/jamapsychiatry.2014.2427
https://doi.org/10.1212/wnl.0000000000012997
https://doi.org/10.1016/j.bbi.2020.11.024
https://doi.org/10.1001/jamapsychiatry.2022.0407
https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

Young Adult Life. JAMA Psychiatry. 2014;71(10):1121. 726 

https://doi.org/10.1001/jamapsychiatry.2014.1332. 727 

[11] Edmondson-Stait AJ, Shen X, Adams MJ, Barbu MC, Jones HJ, Miron VE, et al. Early-728 

life inflammatory markers and subsequent psychotic and depressive episodes 729 

between 10 to 28 years of age. Brain Behav Immun Health. 2022;26:100528. 730 

https://doi.org/10.1016/j.bbih.2022.100528. 731 

[12] Colasanto M, Madigan S, Korczak DJ. Depression and inflammation among children 732 

and adolescents: A meta-analysis. Journal of Affective Disorders. 2020;277:940-8. 733 

https://doi.org/10.1016/j.jad.2020.09.025. 734 

[13] Lynall M-E, Turner L, Bhatti J, Cavanagh J, De Boer P, Mondelli V, et al. Peripheral 735 

Blood Cell–Stratified Subgroups of Inflamed Depression. Biological Psychiatry. 736 

2020;88(2):185-96. https://doi.org/10.1016/j.biopsych.2019.11.017. 737 

[14] Kappelmann N, Arloth J, Georgakis MK, Czamara D, Rost N, Ligthart S, et al. 738 

Dissecting the Association Between Inflammation, Metabolic Dysregulation, and 739 

Specific Depressive Symptoms. JAMA Psychiatry. 2021;78(2):161. 740 

https://doi.org/10.1001/jamapsychiatry.2020.3436. 741 

[15] Kappelmann N, Lewis G, Dantzer R, Jones PB, Khandaker GM. Antidepressant activity 742 

of anti-cytokine treatment: a systematic review and meta-analysis of clinical trials of 743 

chronic inflammatory conditions. Molecular Psychiatry. 2018;23(2):335-43. 744 

https://doi.org/10.1038/mp.2016.167. 745 

[16] Perry BI, Upthegrove R, Kappelmann N, Jones PB, Burgess S, Khandaker GM. 746 

Associations of immunological proteins/traits with schizophrenia, major depression 747 

and bipolar disorder: A bi-directional two-sample mendelian randomization study. 748 

Brain, Behavior, and Immunity. 2021;97:176-85. 749 

https://doi.org/10.1016/j.bbi.2021.07.009. 750 

[17] Hellmann-Regen J, Clemens V, Grözinger M, Kornhuber J, Reif A, Prvulovic D, et al. 751 

Effect of Minocycline on Depressive Symptoms in Patients With Treatment-Resistant 752 

Depression. JAMA Network Open. 2022;5(9):e2230367. 753 

https://doi.org/10.1001/jamanetworkopen.2022.30367. 754 

[18] Nettis MA, Lombardo G, Hastings C, Zajkowska Z, Mariani N, Nikkheslat N, et al. 755 

Augmentation therapy with minocycline in treatment-resistant depression patients 756 

with low-grade peripheral inflammation: results from a double-blind randomised 757 

clinical trial. Neuropsychopharmacology. 2021;46(5):939-48. 758 

https://doi.org/10.1038/s41386-020-00948-6. 759 

[19] Raison CL, Rutherford RE, Woolwine BJ, Shuo C, Schettler P, Drake DF, et al. A 760 

Randomized Controlled Trial of the Tumor Necrosis Factor Antagonist Infliximab for 761 

Treatment-Resistant Depression. JAMA Psychiatry. 2013;70(1):31. 762 

https://doi.org/10.1001/2013.jamapsychiatry.4. 763 

[20] Husain MI, Chaudhry IB, Khoso AB, Husain MO, Hodsoll J, Ansari MA, et al. 764 

Minocycline and celecoxib as adjunctive treatments for bipolar depression: a 765 

multicentre, factorial design randomised controlled trial. Lancet Psychiatry. 766 

2020;7(6):515-27. https://doi.org/10.1016/S2215-0366(20)30138-3. 767 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1001/jamapsychiatry.2014.1332
https://doi.org/10.1016/j.bbih.2022.100528
https://doi.org/10.1016/j.jad.2020.09.025
https://doi.org/10.1016/j.biopsych.2019.11.017
https://doi.org/10.1001/jamapsychiatry.2020.3436
https://doi.org/10.1038/mp.2016.167
https://doi.org/10.1016/j.bbi.2021.07.009
https://doi.org/10.1001/jamanetworkopen.2022.30367
https://doi.org/10.1038/s41386-020-00948-6
https://doi.org/10.1001/2013.jamapsychiatry.4
https://doi.org/10.1016/S2215-0366(20)30138-3
https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

[21] Lombardo G, Nettis MA, Hastings C, Zajkowska Z, Mariani N, Nikkheslat N, et al. Sex 768 

differences in a double-blind randomized clinical trial with minocycline in treatment-769 

resistant depressed patients: CRP and IL-6 as sex-specific predictors of treatment 770 

response. Brain Behav Immun Health. 2022;26:100561. 771 

https://doi.org/10.1016/j.bbih.2022.100561. 772 

[22] American Psychiatric Association. Diagnostic and statistical manual of mental 773 

disorders : DSM-5. Fifth edition. ed. Arlington, VA: American Psychiatric Association; 774 

2013. 775 

[23] Solmi M, Radua J, Olivola M, Croce E, Soardo L, Salazar De Pablo G, et al. Age at 776 

onset of mental disorders worldwide: large-scale meta-analysis of 192 777 

epidemiological studies. Molecular Psychiatry. 2022;27(1):281-95. 778 

https://doi.org/10.1038/s41380-021-01161-7. 779 

[24] Khandaker GM, Stochl J, Zammit S, Goodyer I, Lewis G, Jones PB. Childhood 780 

inflammatory markers and intelligence as predictors of subsequent persistent 781 

depressive symptoms: a longitudinal cohort study. Psychological Medicine. 782 

2018;48(9):1514-22. https://doi.org/10.1017/s0033291717003038. 783 

[25] Lamers F, Vogelzangs N, Merikangas KR, de Jonge P, Beekman AT, Penninx BW. 784 

Evidence for a differential role of HPA-axis function, inflammation and metabolic 785 

syndrome in melancholic versus atypical depression. Mol Psychiatry. 2013;18(6):692-786 

9. https://doi.org/10.1038/mp.2012.144. 787 

[26] Lamers F, Beekman AT, van Hemert AM, Schoevers RA, Penninx BW. Six-year 788 

longitudinal course and outcomes of subtypes of depression. Br J Psychiatry. 789 

2016;208(1):62-8. https://doi.org/10.1192/bjp.bp.114.153098. 790 

[27] Veltman EM, Lamers F, Comijs HC, de Waal MWM, Stek ML, van der Mast RC, et al. 791 

Depressive subtypes in an elderly cohort identified using latent class analysis. J Affect 792 

Disord. 2017;218:123-30. https://doi.org/10.1016/j.jad.2017.04.059. 793 

[28] Osimo EF, Baxter LJ, Lewis G, Jones PB, Khandaker GM. Prevalence of low-grade 794 

inflammation in depression: a systematic review and meta-analysis of CRP levels. 795 

Psychol Med. 2019;49(12):1958-70. https://doi.org/10.1017/S0033291719001454. 796 

[29] Kwong ASF, Manley D, Timpson NJ, Pearson RM, Heron J, Sallis H, et al. Identifying 797 

Critical Points of Trajectories of Depressive Symptoms from Childhood to Young 798 

Adulthood. Journal of Youth and Adolescence. 2019;48(4):815-27. 799 

https://doi.org/10.1007/s10964-018-0976-5. 800 

[30] Kwong ASF, López-López JA, Hammerton G, Manley D, Timpson NJ, Leckie G, et al. 801 

Genetic and Environmental Risk Factors Associated With Trajectories of Depression 802 

Symptoms From Adolescence to Young Adulthood. JAMA Network Open. 803 

2019;2(6):e196587. https://doi.org/10.1001/jamanetworkopen.2019.6587. 804 

[31] Sutin AR, Terracciano A, Milaneschi Y, An Y, Ferrucci L, Zonderman AB. The 805 

Trajectory of Depressive Symptoms Across the Adult Life Span. JAMA Psychiatry. 806 

2013;70(8):803. https://doi.org/10.1001/jamapsychiatry.2013.193. 807 

[32] Klein SL, Flanagan KL. Sex differences in immune responses. Nature Reviews 808 

Immunology. 2016;16(10):626-38. https://doi.org/10.1038/nri.2016.90. 809 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1016/j.bbih.2022.100561
https://doi.org/10.1038/s41380-021-01161-7
https://doi.org/10.1017/s0033291717003038
https://doi.org/10.1038/mp.2012.144
https://doi.org/10.1192/bjp.bp.114.153098
https://doi.org/10.1016/j.jad.2017.04.059
https://doi.org/10.1017/S0033291719001454
https://doi.org/10.1007/s10964-018-0976-5
https://doi.org/10.1001/jamanetworkopen.2019.6587
https://doi.org/10.1001/jamapsychiatry.2013.193
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

[33] Zajkowska Z, Nikkheslat N, Manfro PH, Souza L, Rohrsetzer F, Viduani A, et al. Sex-810 

specific inflammatory markers of risk and presence of depression in adolescents. J 811 

Affect Disord. 2023;342:69-75. https://doi.org/10.1016/j.jad.2023.07.055. 812 

[34] Moieni M, Irwin MR, Jevtic I, Olmstead R, Breen EC, Eisenberger NI. Sex differences 813 

in depressive and socioemotional responses to an inflammatory challenge: 814 

implications for sex differences in depression. Neuropsychopharmacology. 815 

2015;40(7):1709-16. https://doi.org/10.1038/npp.2015.17. 816 

[35] Ernst M, Brähler E, Otten D, Werner AM, Tibubos AN, Reiner I, et al. Inflammation 817 

predicts new onset of depression in men, but not in women within a prospective, 818 

representative community cohort. Scientific Reports. 2021;11(1). 819 

https://doi.org/10.1038/s41598-021-81927-9. 820 

[36] Niles AN, Smirnova M, Lin J, O'Donovan A. Gender differences in longitudinal 821 

relationships between depression and anxiety symptoms and inflammation in the 822 

health and retirement study. Psychoneuroendocrinology. 2018;95:149-57. 823 

https://doi.org/10.1016/j.psyneuen.2018.05.035. 824 

[37] Chu AL, Stochl J, Lewis G, Zammit S, Jones PB, Khandaker GM. Longitudinal 825 

association between inflammatory markers and specific symptoms of depression in a 826 

prospective birth cohort. Brain, Behavior, and Immunity. 2019;76:74-81. 827 

https://doi.org/10.1016/j.bbi.2018.11.007. 828 

[38] Perry BI, Zammit S, Jones PB, Khandaker GM. Childhood inflammatory markers and 829 

risks for psychosis and depression at age 24: Examination of temporality and 830 

specificity of association in a population-based prospective birth cohort. 831 

Schizophrenia Research. 2021;230:69-76. 832 

https://doi.org/10.1016/j.schres.2021.02.008. 833 

[39] Boyd A, Golding J, Macleod J, Lawlor DA, Fraser A, Henderson J, et al. Cohort Profile: 834 

The ‘Children of the 90s’—the index offspring of the Avon Longitudinal Study of 835 

Parents and Children. International Journal of Epidemiology. 2013;42(1):111-27. 836 

https://doi.org/10.1093/ije/dys064. 837 

[40] Fraser A, Macdonald-Wallis C, Tilling K, Boyd A, Golding J, Davey Smith G, et al. 838 

Cohort Profile: The Avon Longitudinal Study of Parents and Children: ALSPAC 839 

mothers cohort. International Journal of Epidemiology. 2013;42(1):97-110. 840 

https://doi.org/10.1093/ije/dys066. 841 

[41] Northstone K, Lewcock M, Groom A, Boyd A, Macleod J, Timpson N, et al. The Avon 842 

Longitudinal Study of Parents and Children (ALSPAC): an update on the enrolled 843 

sample of index children in 2019. Wellcome Open Res. 2019;4:51. 844 

https://doi.org/10.12688/wellcomeopenres.15132.1. 845 

[42] Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, et al. UK Biobank: An 846 

Open Access Resource for Identifying the Causes of a Wide Range of Complex 847 

Diseases of Middle and Old Age. PLOS Medicine. 2015;12(3):e1001779. 848 

https://doi.org/10.1371/journal.pmed.1001779. 849 

[43] Littlejohns TJ, Holliday J, Gibson LM, Garratt S, Oesingmann N, Alfaro-Almagro F, et 850 

al. The UK Biobank imaging enhancement of 100,000 participants: rationale, data 851 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1016/j.jad.2023.07.055
https://doi.org/10.1038/npp.2015.17
https://doi.org/10.1038/s41598-021-81927-9
https://doi.org/10.1016/j.psyneuen.2018.05.035
https://doi.org/10.1016/j.bbi.2018.11.007
https://doi.org/10.1016/j.schres.2021.02.008
https://doi.org/10.1093/ije/dys064
https://doi.org/10.1093/ije/dys066
https://doi.org/10.12688/wellcomeopenres.15132.1
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

collection, management and future directions. Nature Communications. 2020;11(1). 852 

https://doi.org/10.1038/s41467-020-15948-9. 853 

[44] Turner N, Joinson C, Peters TJ, Wiles N, Lewis G. Validity of the Short Mood and 854 

Feelings Questionnaire in late adolescence. Psychol Assess. 2014;26(3):752-62. 855 

https://doi.org/10.1037/a0036572. 856 

[45] Patton GC, Olsson C, Bond L, Toumbourou JW, Carlin JB, Hemphill SA, et al. 857 

Predicting Female Depression Across Puberty: A Two-Nation Longitudinal Study. 858 

Journal of the American Academy of Child & Adolescent Psychiatry. 859 

2008;47(12):1424-32. https://doi.org/10.1097/chi.0b013e3181886ebe. 860 

[46] Levis B, Sun Y, He C, Wu Y, Krishnan A, Bhandari PM, et al. Accuracy of the PHQ-2 861 

Alone and in Combination With the PHQ-9 for Screening to Detect Major Depression: 862 

Systematic Review and Meta-analysis. JAMA. 2020;323(22):2290-300. 863 

https://doi.org/10.1001/jama.2020.6504. 864 

[47] Li C, Friedman B, Conwell Y, Fiscella K. Validity of the Patient Health Questionnaire 2 865 

(PHQ‐2) in Identifying Major Depression in Older People. Journal of the American 866 

Geriatrics Society. 2007;55(4):596-602. https://doi.org/10.1111/j.1532-867 

5415.2007.01103.x. 868 

[48] Lowe B, Kroenke K, Grafe K. Detecting and monitoring depression with a two-item 869 

questionnaire (PHQ-2). J Psychosom Res. 2005;58(2):163-71. 870 

https://doi.org/10.1016/j.jpsychores.2004.09.006. 871 

[49] Mitchell AJ, Mcglinchey JB, Young D, Chelminski I, Zimmerman M. Accuracy of 872 

specific symptoms in the diagnosis of major depressive disorder in psychiatric out-873 

patients: data from the MIDAS project. Psychological Medicine. 2009;39(07):1107. 874 

https://doi.org/10.1017/s0033291708004674. 875 

[50] Giollabhui NM, Ellman LM, Coe CL, Byrne ML, Abramson LY, Alloy LB. To exclude or 876 

not to exclude: Considerations and recommendations for C-reactive protein values 877 

higher than 10 mg/L. Brain, Behavior, and Immunity. 2020;87:898-900. 878 

https://doi.org/10.1016/j.bbi.2020.01.023. 879 

[51] Sun BB, Chiou J, Traylor M, Benner C, Hsu Y-H, Richardson TG, et al. Plasma 880 

proteomic associations with genetics and health in the UK Biobank. Nature. 881 

2023;622(7982):329-38. https://doi.org/10.1038/s41586-023-06592-6. 882 

[52] Bates D, Mächler M, Bolker B, Walker S. Fitting Linear Mixed-Effects Models 883 

Usinglme4. Journal of Statistical Software. 2015;67(1). 884 

https://doi.org/10.18637/jss.v067.i01. 885 

[53] Muscatell KA, Brosso SN, Humphreys KL. Socioeconomic status and inflammation: a 886 

meta-analysis. Molecular Psychiatry. 2020;25(9):2189-99. 887 

https://doi.org/10.1038/s41380-018-0259-2. 888 

[54] Osimo EF, Stochl J, Zammit S, Lewis G, Jones PB, Khandaker GM. Longitudinal 889 

population subgroups of CRP and risk of depression in the ALSPAC birth cohort. 890 

Comprehensive Psychiatry. 2020;96:152143. 891 

https://doi.org/10.1016/j.comppsych.2019.152143. 892 

[55] Huet L, Delgado I, Dexpert S, Sauvant J, Aouizerate B, Beau C, et al. Relationship 893 

between body mass index and neuropsychiatric symptoms: Evidence and 894 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1038/s41467-020-15948-9
https://doi.org/10.1037/a0036572
https://doi.org/10.1097/chi.0b013e3181886ebe
https://doi.org/10.1001/jama.2020.6504
https://doi.org/10.1111/j.1532-5415.2007.01103.x
https://doi.org/10.1111/j.1532-5415.2007.01103.x
https://doi.org/10.1016/j.jpsychores.2004.09.006
https://doi.org/10.1017/s0033291708004674
https://doi.org/10.1016/j.bbi.2020.01.023
https://doi.org/10.1038/s41586-023-06592-6
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1038/s41380-018-0259-2
https://doi.org/10.1016/j.comppsych.2019.152143
https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

inflammatory correlates. Brain Behav Immun. 2021;94:104-10. 895 

https://doi.org/10.1016/j.bbi.2021.02.031. 896 

[56] Ye J, Wen Y, Sun X, Chu X, Li P, Cheng B, et al. Socioeconomic Deprivation Index Is 897 

Associated With Psychiatric Disorders: An Observational and Genome-wide Gene-by-898 

Environment Interaction Analysis in the UK Biobank Cohort. Biol Psychiatry. 899 

2021;89(9):888-95. https://doi.org/10.1016/j.biopsych.2020.11.019. 900 

[57] Curran PJ, Hussong AM. The Use of Latent Trajectory Models in Psychopathology 901 

Research. Journal of Abnormal Psychology. 2003;112(4):526-44. 902 

https://doi.org/10.1037/0021-843x.112.4.526. 903 

[58] López-López JA, Kwong ASF, Washbrook E, Pearson RM, Tilling K, Fazel MS, et al. 904 

Trajectories of depressive symptoms and adult educational and employment 905 

outcomes. BJPsych Open. 2020;6(1). https://doi.org/10.1192/bjo.2019.90. 906 

[59] Lyall LM, Cullen B, Lyall DM, Leighton SP, Siebert S, Smith DJ, et al. The associations 907 

between self-reported depression, self-reported chronic inflammatory conditions 908 

and cognitive abilities in UK Biobank. European Psychiatry. 2019;60:63-70. 909 

https://doi.org/10.1016/j.eurpsy.2019.05.007. 910 

[60] Culpin I, Heuvelman H, Rai D, Pearson RM, Joinson C, Heron J, et al. Father absence 911 

and trajectories of offspring mental health across adolescence and young adulthood: 912 

Findings from a UK-birth cohort. J Affect Disord. 2022;314:150-9. 913 

https://doi.org/10.1016/j.jad.2022.07.016. 914 

[61] Kwong ASF. Examining the longitudinal nature of depressive symptoms in the Avon 915 

Longitudinal Study of Parents and Children (ALSPAC). Wellcome Open Research. 916 

2019;4:126. https://doi.org/10.12688/wellcomeopenres.15395.2. 917 

[62] Brydges NM, Reddaway J. Neuroimmunological effects of early life experiences. 918 

Brain and Neuroscience Advances. 2020;4:239821282095370. 919 

https://doi.org/10.1177/2398212820953706. 920 

[63] Ishizuka T, Nagata W, Nakagawa K, Takahashi S. Brain inflammaging in the 921 

pathogenesis of late-life depression. Human Cell. 2024;38(1). 922 

https://doi.org/10.1007/s13577-024-01132-4. 923 

[64] Bruce ML. Psychosocial risk factors for depressive disorders in late life. Biological 924 

psychiatry. 2002;52(3):175-84. 925 

[65] Milaneschi Y, Kappelmann N, Ye Z, Lamers F, Moser S, Jones PB, et al. Association of 926 

inflammation with depression and anxiety: evidence for symptom-specificity and 927 

potential causality from UK Biobank and NESDA cohorts. Molecular Psychiatry. 2021. 928 

https://doi.org/10.1038/s41380-021-01188-w. 929 

[66] Sijbrandij JJ, Hoekstra T, Almansa J, Reijneveld SA, Bültmann U. Identification of 930 

developmental trajectory classes: Comparing three latent class methods using 931 

simulated and real data. Advances in Life Course Research. 2019;42:100288. 932 

https://doi.org/10.1016/j.alcr.2019.04.018. 933 

[67] Grimes PZ, Adams MJ, Thng G, Edmonson-Stait AJ, Lu Y, McIntosh A, et al. Genetic 934 

Architectures of Adolescent Depression Trajectories in 2 Longitudinal Population 935 

Cohorts. JAMA Psychiatry. 2024;81(8):807-16. 936 

https://doi.org/10.1001/jamapsychiatry.2024.0983. 937 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1016/j.bbi.2021.02.031
https://doi.org/10.1016/j.biopsych.2020.11.019
https://doi.org/10.1037/0021-843x.112.4.526
https://doi.org/10.1192/bjo.2019.90
https://doi.org/10.1016/j.eurpsy.2019.05.007
https://doi.org/10.1016/j.jad.2022.07.016
https://doi.org/10.12688/wellcomeopenres.15395.2
https://doi.org/10.1177/2398212820953706
https://doi.org/10.1007/s13577-024-01132-4
https://doi.org/10.1038/s41380-021-01188-w
https://doi.org/10.1016/j.alcr.2019.04.018
https://doi.org/10.1001/jamapsychiatry.2024.0983
https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

[68] Tsang RSM, Stow D, Kwong ASF, Donnelly NA, Fraser H, Barroso IA, et al. 938 

Immunometabolic Blood Biomarkers of Developmental Trajectories of Depressive 939 

Symptoms: Findings From the ALSPAC Birth Cohort. medRxiv. 940 

2024:2024.07.12.24310330. https://doi.org/10.1101/2024.07.12.24310330. 941 

[69] Lombardo G, Mondelli V, Dazzan P, Pariante CM. Sex hormones and immune system: 942 

A possible interplay in affective disorders? A systematic review. J Affect Disord. 943 

2021;290:1-14. https://doi.org/10.1016/j.jad.2021.04.035. 944 

[70] Straub RH. The Complex Role of Estrogens in Inflammation. Endocrine Reviews. 945 

2007;28(5):521-74. https://doi.org/10.1210/er.2007-0001. 946 

[71] Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in ageing, cardiovascular 947 

disease, and frailty. Nat Rev Cardiol. 2018;15(9):505-22. 948 

https://doi.org/10.1038/s41569-018-0064-2. 949 

[72] Fry A, Littlejohns TJ, Sudlow C, Doherty N, Adamska L, Sprosen T, et al. Comparison 950 

of Sociodemographic and Health-Related Characteristics of UK Biobank Participants 951 

With Those of the General Population. Am J Epidemiol. 2017;186(9):1026-34. 952 

https://doi.org/10.1093/aje/kwx246. 953 

[73] Del Giudice M, Gangestad SW. Rethinking IL-6 and CRP: Why they are more than 954 

inflammatory biomarkers, and why it matters. Brain, Behavior, and Immunity. 955 

2018;70:61-75. https://doi.org/10.1016/j.bbi.2018.02.013. 956 

[74] Schoeler T, Speed D, Porcu E, Pirastu N, Pingault J-B, Kutalik Z. Participation bias in 957 

the UK Biobank distorts genetic associations and downstream analyses. Nature 958 

Human Behaviour. 2023;7(7):1216-27. https://doi.org/10.1038/s41562-023-01579-9.  959 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1101/2024.07.12.24310330
https://doi.org/10.1016/j.jad.2021.04.035
https://doi.org/10.1210/er.2007-0001
https://doi.org/10.1038/s41569-018-0064-2
https://doi.org/10.1093/aje/kwx246
https://doi.org/10.1016/j.bbi.2018.02.013
https://doi.org/10.1038/s41562-023-01579-9
https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

8. Figure Legends 960 

Figure 1. A. Depression trajectories in ALSPAC split by IL-6 tertile groups. B. 961 

Differences in depression scores in ALSPAC between top third and bottom 962 

third IL-6 tertiles. Results from the fully adjusted model. Mean depressive scores 963 

were calculated from the depression trajectories in each IL-6 tertile at ages 10, 13, 964 

16, 19, 22, 25 and 28 years. Differences between the top third and bottom third IL-6 965 

tertile trajectories was calculated using the delta method. P-values are corrected for 966 

multiple correction (FDR).  967 

 968 

  969 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

Figure 2. A. Depression trajectories in ALSPAC split by sex and IL-6 tertile 970 

groups. B. Differences in depression scores in ALSPAC between top third and 971 

bottom third IL-6 tertiles, in males and females separately. Results from the fully 972 

adjusted model. Mean depressive scores were calculated from the depression 973 

trajectories in each IL-6 tertile split by sex at ages 10, 13, 16, 19, 22, 25 and 28 974 

years. Differences between the top third and bottom third IL-6 tertile trajectories was 975 

calculated using the delta method. P-values are corrected for multiple correction 976 

(FDR). 977 
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Figure 3. A. Depression trajectories in UK Biobank split by IL-6 tertile groups. 980 

B. Differences in depression scores in UK Biobank between top third and 981 

bottom third IL-6 tertiles. Results from the fully adjusted model. Mean depressive 982 

scores were calculated from the depression trajectories in each IL-6 tertile at ages 983 

40, 50, 60, 70 and 80 years. Differences between the top third and bottom third IL-6 984 

tertile trajectories was calculated using the delta method. P-values are corrected for 985 

multiple correction (FDR).  986 
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Figure 4. A. Depression trajectories in UK Biobank split by sex and IL-6 tertile 989 

groups. B. Differences in depression scores in UK Biobank between top third 990 

and bottom third IL-6 tertiles, in males and females separately. Results from the 991 

fully adjusted model. Mean depressive scores were calculated from the depression 992 

trajectories in each IL-6 tertile split by sex at ages 40, 50, 60, 70 and 80 years. 993 

Differences between the top third and bottom third IL-6 tertile trajectories was 994 

calculated using the delta method. P-values are corrected for multiple correction 995 

(FDR).  996 
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Table 1. Demographic table of ALSPAC participants. 999 

 IL-6 Tertile Group 

 Bottom Third Middle Third Top Third 

n 1616 1602 1617 

Sex = Males (%) 943 ( 58.4) 807 ( 50.4) 666 ( 41.2) 

BMI (log transformed) (mean (SD)) 2.81 (0.11) 2.85 (0.14) 2.90 (0.17) 

Maternal education at birth (%)    

A-level/Degree 710 ( 43.9) 646 ( 40.3) 636 ( 39.3) 

CSE/O-level/Vocational 753 ( 46.6) 789 ( 49.3) 780 ( 48.2) 

NA 153 (  9.5) 167 ( 10.4) 201 ( 12.4) 

Currently taking any medication (%)    

FALSE 1426 ( 88.2) 1373 ( 85.7) 1341 ( 82.9) 

TRUE 187 ( 11.6) 227 ( 14.2) 272 ( 16.8) 

NA 3 (  0.2) 2 (  0.1) 4 (  0.2) 

Townsend Deprivation Index quintile 

(%) 
   

1 478 ( 29.6) 399 ( 24.9) 399 ( 24.7) 

2 219 ( 13.6) 207 ( 12.9) 198 ( 12.2) 

3 245 ( 15.2) 219 ( 13.7) 235 ( 14.5) 

4 222 ( 13.7) 261 ( 16.3) 271 ( 16.8) 

5 74 (  4.6) 93 (  5.8) 95 (  5.9) 

NA 378 ( 23.4) 423 ( 26.4) 419 ( 25.9) 

IL-6 (Inverse Normal Transformed, Z-

score) (mean (SD)) 
-1.09 (0.53) 0.00 (0.25) 1.09 (0.53) 

IL-6 (raw value, pg/ml) 0.39 (0.13) 0.82 (0.15) 2.48 (1.95) 

SMFQ (Time Point 1) (mean (SD)) 3.87 (3.32) 3.96 (3.50) 4.10 (3.55) 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

SMFQ (Time Point 2) (mean (SD)) 3.79 (3.75) 3.71 (3.56) 4.26 (4.04) 

SMFQ (Time Point 3) (mean (SD)) 4.46 (4.02) 4.73 (4.42) 5.38 (4.74) 

SMFQ (Time Point 4) (mean (SD)) 5.38 (5.23) 5.54 (5.43) 6.32 (5.89) 

SMFQ (Time Point 5) (mean (SD)) 5.99 (4.90) 6.56 (5.41) 6.87 (5.40) 

SMFQ (Time Point 6) (mean (SD)) 6.12 (5.39) 6.19 (5.54) 7.36 (6.21) 

SMFQ (Time Point 7) (mean (SD)) 5.09 (4.78) 5.26 (5.26) 5.68 (5.49) 

SMFQ (Time Point 8) (mean (SD)) 5.76 (5.13) 5.79 (5.25) 6.25 (5.58) 

SMFQ (Time Point 9) (mean (SD)) 6.51 (5.74) 6.27 (5.57) 6.99 (6.01) 

SMFQ (Time Point 10) (mean (SD)) 6.19 (5.97) 6.24 (5.97) 7.12 (6.60) 

SMFQ (Time Point 11) (mean (SD)) 6.43 (5.89) 6.01 (5.72) 7.01 (6.27) 

Age (Time Point 1) (mean (SD)) 10.62 (0.24) 10.64 (0.25) 10.63 (0.24) 

Age (Time Point 2) (mean (SD)) 12.81 (0.22) 12.80 (0.22) 12.80 (0.21) 

Age (Time Point 3) (mean (SD)) 13.82 (0.19) 13.83 (0.21) 13.83 (0.21) 

Age (Time Point 4) (mean (SD)) 16.69 (0.24) 16.68 (0.25) 16.68 (0.23) 

Age (Time Point 5) (mean (SD)) 17.79 (0.38) 17.83 (0.39) 17.83 (0.39) 

Age (Time Point 6) (mean (SD)) 18.66 (0.48) 18.67 (0.49) 18.64 (0.49) 

Age (Time Point 7) (mean (SD)) 21.96 (0.50) 21.95 (0.53) 21.96 (0.51) 

Age (Time Point 8) (mean (SD)) 22.88 (0.49) 22.90 (0.53) 22.90 (0.52) 

Age (Time Point 9) (mean (SD)) 23.88 (0.48) 23.88 (0.53) 23.86 (0.51) 

Age (Time Point 10) (mean (SD)) 25.78 (0.48) 25.77 (0.52) 25.76 (0.51) 

Age (Time Point 11) (mean (SD)) 28.38 (0.52) 28.38 (0.54) 28.37 (0.53) 
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Table 2. Demographic table of UK Biobank participants. 1001 

 IL-6 Tertile Group 

 Bottom Third Middle Third Top Third 

n 13776 13640 12197 

Sex = Male (%) 6162 ( 44.7) 6291 ( 46.1) 5737 ( 47.0) 

BMI (log transformed) (mean (SD)) 3.22 (0.13) 3.30 (0.14) 3.37 (0.17) 

BMI (categorised) (%)    

Underweight 105 (  0.8) 50 (  0.4) 36 (  0.3) 

Healthy 6894 ( 50.0) 4033 ( 29.6) 2291 ( 18.8) 

Overweight 5507 ( 40.0) 6563 ( 48.1) 4979 ( 40.8) 

Obese 1216 (  8.8) 2856 ( 20.9) 4351 ( 35.7) 

Morbidly Obese 18 (  0.1) 98 (  0.7) 461 (  3.8) 

Missing 36 (  0.3) 40 (  0.3) 79 (  0.6) 

Inflammatory condition = TRUE (%) 1573 ( 11.4) 2095 ( 15.4) 2674 ( 21.9) 

Taking inflammatory medication = 

TRUE (%) 
3138 ( 22.8) 3692 ( 27.1) 3822 ( 31.3) 

Smoking status (%)    

Previous 4412 ( 32.0) 4780 ( 35.0) 4477 ( 36.7) 

Current 1196 (  8.7) 1352 (  9.9) 1612 ( 13.2) 

Never 8124 ( 59.0) 7470 ( 54.8) 6060 ( 49.7) 

NA 44 (  0.3) 38 (  0.3) 48 (  0.4) 

Townsend Deprivation Index (mean 

(SD)) 
-1.56 (2.99) -1.33 (3.07) -0.90 (3.27) 

IL-6 (Inverse Normal Transformed, Z-

score) (mean (SD)) 
-1.09 (0.53) 0.00 (0.25) 1.04 (0.50) 

IL-6 (raw value, Olink Normalised) 

(mean (SD)) 
-0.70 (0.30) -0.01 (0.17) 0.97 (0.77) 
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PHQ-2 (Initial time point) (mean (SD)) 0.53 (1.03) 0.56 (1.08) 0.63 (1.16) 

PHQ-2 (Repeat time point) (mean (SD)) 0.46 (0.96) 0.41 (0.86) 0.45 (1.00) 

PHQ-2 (Imaging time point) (mean 

(SD)) 
0.41 (0.96) 0.43 (0.97) 0.45 (0.95) 

PHQ-2 (Repeat Imaging time point) 

(mean (SD)) 
0.32 (0.78) 0.46 (0.96) 0.39 (0.89) 

PHQ-2 (Mental health time point) (mean 

(SD)) 
0.50 (1.03) 0.52 (1.06) 0.57 (1.14) 

PHQ-2 (Pain time point) (mean (SD)) 0.54 (1.05) 0.59 (1.12) 0.68 (1.21) 

PHQ-2 (Health & Well-being time point) 

(mean (SD)) 
0.46 (1.01) 0.48 (1.06) 0.56 (1.19) 

PHQ-2 (Mental well-being time point) 

(mean (SD)) 
0.52 (1.07) 0.56 (1.12) 0.64 (1.22) 

Age (Initial time point) (mean (SD)) 54.31 (8.13) 57.30 (7.94) 58.53 (7.60) 

Age (Repeat time point) (mean (SD)) 60.05 (7.38) 61.87 (7.11) 62.96 (6.61) 

Age (Imaging time point) (mean (SD)) 63.34 (7.82) 65.78 (7.69) 66.00 (7.61) 

Age (Repeat Imaging time point) (mean 

(SD)) 
63.84 (7.40) 66.71 (7.37) 65.32 (6.76) 

Age (Mental health time point) (mean 

(SD)) 
62.25 (7.84) 64.77 (7.63) 65.67 (7.33) 

Age (Pain time point) (mean (SD)) 64.96 (7.75) 67.66 (7.57) 68.35 (7.31) 

Age (Health & Well-being time point) 

(mean (SD)) 
67.78 (7.64) 70.26 (7.47) 70.93 (7.28) 

Age (Mental well-being time point) 

(mean (SD)) 
67.98 (7.54) 70.40 (7.42) 71.07 (7.22) 

  1002 

https://doi.org/10.1192/j.eurpsy.2025.7 Published online by Cambridge University Press

https://doi.org/10.1192/j.eurpsy.2025.7


Accepted manuscript: Authors' Copy 

 

 

 

 

Table 3. Estimated differences in depression scores between IL-6 tertile top 1003 

and bottom third trajectories at ages 10, 13, 16, 19, 22, 25 and 28 years, in 1004 

ALSPAC. Results from the fully adjusted model. 1005 

Age (years) Difference 

(raw 

score) 

Difference (Z-

score) 

95% CI P 

(uncorrected) 

P (FDR) 

IL6 tertile: Top vs 

Bottom - age 10  

-0.273 -0.014 -0.739 - 0.194 0.2522 1 

IL6 tertile: Top vs 

Bottom - age 13  

0.41 0.035 0.126 - 0.694 0.0047 0.0327 

IL6 tertile: Top vs 

Bottom - age 16  

0.573 0.045 0.258 - 0.888 0.0004 0.0025 

IL6 tertile: Top vs 

Bottom - age 19  

0.516 0.032 0.125 - 0.906 0.0097 0.0679 

IL6 tertile: Top vs 

Bottom - age 22  

0.408 0.024 -0.002 - 0.818 0.0511 0.3577 

IL6 tertile: Top vs 

Bottom - age 25  

0.292 0.016 -0.163 - 0.746 0.2086 1 

IL6 tertile: Top vs 

Bottom - age 28  

0.079 0.004 -0.472 - 0.63 0.7795 1 
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Table 4. Estimated differences in depression scores between IL-6 tertile top 1007 

and bottom third trajectories at ages 10, 13, 16, 19, 22, 25 and 28 years, in 1008 

ALSPAC, split by sex. Results from the fully adjusted model. 1009 

Age (years) 

Differenc

e (raw 

score) 

Difference 

(Z-score) 
95% CI 

P 

(uncorrected

) 

P (FDR) 

IL6 tertile: Female_Top vs 

Female_Bottom - age 10  
0.226 0.009 

-0.411 - 

0.864 
0.4864 1 

IL6 tertile: Female_Top vs 

Female_Bottom - age 13  
0.597 0.037 

0.202 - 

0.992 
0.003 0.0213 

IL6 tertile: Female_Top vs 

Female_Bottom - age 16  
0.683 0.039 

0.251 - 

1.114 
0.0019 0.0135 

IL6 tertile: Female_Top vs 

Female_Bottom - age 19  
0.605 0.029 

0.086 - 

1.123 
0.0224 0.1565 

IL6 tertile: Female_Top vs 

Female_Bottom - age 22  
0.451 0.02 -0.089 - 0.99 0.1015 0.7106 

IL6 tertile: Female_Top vs 

Female_Bottom - age 25  
0.275 0.011 

-0.321 - 

0.871 
0.3652 1 

IL6 tertile: Female_Top vs 

Female_Bottom - age 28  
0.099 0.003 

-0.608 - 

0.806 
0.7836 1 

IL6 tertile: Male_Top vs 

Male_Bottom - age 10  
-0.112 -0.004 

-0.754 - 

0.529 
0.7313 1 
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IL6 tertile: Male_Top vs 

Male_Bottom - age 13  
0.159 0.01 

-0.237 - 

0.555 
0.4319 1 

IL6 tertile: Male_Top vs 

Male_Bottom - age 16  
0.141 0.008 -0.317 - 0.6 0.5455 1 

IL6 tertile: Male_Top vs 

Male_Bottom - age 19  
0.157 0.007 

-0.429 - 

0.743 
0.5988 1 

IL6 tertile: Male_Top vs 

Male_Bottom - age 22  
0.276 0.011 -0.347 - 0.9 0.3845 1 

IL6 tertile: Male_Top vs 

Male_Bottom - age 25  
0.316 0.011 

-0.397 - 

1.029 
0.385 1 

IL6 tertile: Male_Top vs 

Male_Bottom - age 28  
-0.159 -0.004 -1.038 - 0.72 0.7226 1 
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Table 5. Estimated differences in depression scores between different IL-6 1012 

tertile trajectories at ages 40, 50, 60, 70 and 80 years, in UK Biobank. Results 1013 

from the fully adjusted model. 1014 

Age (years) Difference 

(raw score) 

Difference 

(Z-score) 

95% CI P (uncorrected) P (FDR) 

IL6 tertile: Top 

vs Bottom - 

age 40  

0.187 0.018 0.105 - 

0.27 

p<0.0001 p<0.0001 

IL6 tertile: Top 

vs Bottom - 

age 50  

0.059 0.013 0.021 - 

0.097 

0.0022 0.0111 

IL6 tertile: Top 

vs Bottom - 

age 60  

0 0 -0.028 - 

0.027 

0.9728 1 

IL6 tertile: Top 

vs Bottom - 

age 70  

0.009 0.002 -0.021 - 

0.038 

0.5692 1 

IL6 tertile: Top 

vs Bottom - 

age 80  

0.086 0.011 0.026 - 

0.147 

0.0051 0.0257 
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Table 6. Estimated differences in depression scores between different IL-6 1016 

tertile trajectories at ages 40, 50, 60, 70 and 80 years, in UK Biobank, split by 1017 

sex. Results from the fully adjusted model. 1018 

Age (years) 
Difference 

(raw score) 

Difference 

(Z-score) 
95% CI 

P 

(uncorrected

) 

P (FDR) 

IL6 tertile: Female_Top 

vs Female_Bottom - 

age 40  

0.17 0.012 0.06 - 0.28 0.0025 0.0124 

IL6 tertile: Female_Top 

vs Female_Bottom - 

age 50  

0.048 0.008 -0.003 - 0.098 0.0651 0.3257 

IL6 tertile: Female_Top 

vs Female_Bottom - 

age 60  

-0.009 -0.002 -0.045 - 0.028 0.6358 1 

IL6 tertile: Female_Top 

vs Female_Bottom - 

age 70  

0.001 0 -0.038 - 0.041 0.9536 1 

IL6 tertile: Female_Top 

vs Female_Bottom - 

age 80  

0.077 0.008 -0.005 - 0.16 0.0651 0.3253 
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IL6 tertile: Male_Top 

vs Male_Bottom - age 

40  

0.215 0.014 0.092 - 0.337 0.0006 0.0029 

IL6 tertile: Male_Top 

vs Male_Bottom - age 

50  

0.077 0.011 0.021 - 0.132 0.0067 0.0335 

IL6 tertile: Male_Top 

vs Male_Bottom - age 

60  

0.011 0.002 -0.028 - 0.051 0.5675 1 

IL6 tertile: Male_Top 

vs Male_Bottom - age 

70  

0.019 0.004 -0.023 - 0.062 0.3687 1 

IL6 tertile: Male_Top 

vs Male_Bottom - age 

80  

0.1 0.009 0.012 - 0.189 0.0256 0.128 
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