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Abstract 

 

Objectives. Extensive research has established relationships between depression and 

inflammation, yet greater attention is needed to elucidate mechanisms through which these 

processes unfold across multiple levels of analysis and time scales. This cohort panel study 

evaluated the role of daily affect dynamics in bidirectional and longitudinal associations between 

depressive symptoms and inflammation.  

Methods. Using data from the second and third waves of the Midlife in the United States 

(MIDUS) study, the sample included 563 adults (Mage = 52.4; 57% female; 84% White). During 

the Biomarker Project, depressive symptoms were assessed at a single time point using the 

CESD-20, and the inflammatory markers were collected including CRP and four cytokines (IL-6, 

IL-8, TNF, IL-10). During the Daily Diary Project, daily affect and stress were measured over 

eight consecutive days. Two affect dynamics indicators were specified: affective variability and 

reactivity to daily stressors. Multilevel structural equation models simultaneously tested 

autoregressive and cross-lagged associations between depressive symptoms and inflammation at 

the person-level, and day-level mediated paths involving daily affect dynamics.  

Results. Results revealed that affective variability and reactivity mediated the autoregressive 

paths of depressive symptoms across two waves. Positive affective variability mediated the 

pathway from heightened baseline depressive symptoms to higher CRP levels at follow-up. 

Negative affective reactivity to daily stressors mediated the pathway from higher baseline CRP 

to subsequent depressive symptoms. 

Conclusions. Findings suggest daily affective processes as potential mechanisms linking 

depressive symptoms and inflammation, underscoring the significance of promoting affective 

stability and adaptive stress responses in everyday life.  
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Introduction 

 Depression and inflammation are closely interconnected, with immune activation 

increasingly recognized as a core biological process implicated in major depressive disorder 

(MDD)1-3. A substantial body of evidence indicates that individuals with MDD exhibit 

heightened inflammatory activity, including elevated circulating levels of proinflammatory 

cytokines produced by innate immune cells (e.g., interleukin-1 [IL-1], IL-6, and tumor necrosis 

factor-alpha [TNF-α]), acute-phase proteins (e.g., C-reactive protein [CRP]), and other markers 

of inflammatory signaling4-6. Consistent with these findings, depression commonly co-occurs 

with autoimmune and other chronic conditions characterized by immune dysregulation, 

including cardiovascular diseases, diabetes, and cancer, further underscoring the relevance of 

inflammatory pathways to depressive symptomatology.  

Several longitudinal studies demonstrated that the diagnosis of MDD or higher levels of 

depressive symptoms were associated with subsequent elevated levels of inflammatory markers7-

9. Conversely, studies have found mixed evidence on the inflammation-to-depression link: some 

reported that elevated inflammatory markers were associated with heightened risk of MDD or 

higher subsequent depressive symptoms10-12, whereas others did not7. However, the complexities 

of the reciprocal influence of depression and inflammation across varying time scales have not 

been fully considered. 

In addition to the shared physiological etiologies of depression and inflammation, several 

factors have been explored as underlying mechanisms, including physical activity13, sleep 

quality14, obesity15, and psychological and biological (e.g., salivary cortisol) measures of the 

stress response16-18. An underexplored yet plausible psychological mechanism may be dynamic 

characteristics of daily affective processes (i.e., daily affect dynamics). Affect dynamics capture 
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the state component of affectivity, the actual mood or emotion experienced by an individual at a 

certain point in time, addressing the inherent time-dynamic nature of affective experiences19,20. 

Using repeated assessments of affect over a shorter timeframe (i.e., intensive longitudinal data; 

ILD), affect dynamics capture the temporally varying characteristics of one’s affective processes 

in daily life21. 

Process-based models of health highlight that accumulated daily affective experiences 

may exert enduring effects on health by disrupting physiological systems22,23. Similarly, the scar 

hypothesis posits that depression leaves lasting effects on health24,25. To test this possibility, we 

focused on two key features of daily affect dynamics—variability and reactivity to daily 

stressors—as potential pathways linking depression and inflammation. Affective variability 

refers to the average fluctuation of affect across time, reflecting the amount of affect changes 

occurring irrespective of when the change occurs26. Affective reactivity pertains to emotional 

responses that are elicited by a particular external event, such as a valenced stimulus or a specific 

daily event27,28. We examined both positive and negative affective variability and reactivity, 

given recent efforts highlighting the role of positive affect dynamics in health29-31. 

Depressive Symptoms and Affect Dynamics 

 Heightened depressive symptoms or MDD have been linked to altered dynamic 

characteristics of affect, in addition to lower levels of positive affect and higher levels of 

negative affect in daily life19,32. Studies with both clinical and non-clinical samples have 

consistently reported that depressed individuals exhibit heightened affective variability32-35 and 

heightened affective reactivity to daily negative events33,36. 

Recent evidence suggests that these dynamic markers of affect also serve as significant 

precursors of depression. Affective variability seems to play a role in prospective depression 
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trajectories among depressed populations. For example, higher affective variability was 

associated with future MDD recurrence32, more pronounced changes in symptoms post- and pre-

treatment37, and deleterious trajectories (i.e., an initial increase and return to higher depressive 

symptom levels)38. A meta-analysis revealed that higher negative and positive affective 

variability were associated with depression in the general population26. Furthermore, studies 

found that heightened positive and negative affective reactivity to daily stressors was associated 

with a greater risk for MDD 7-10 years later39,40. Recognizing the reciprocal links between 

depressive symptoms and affect dynamics, the current study examines both directions, testing 

whether affect dynamics mediate the autoregressive paths of depressive symptoms across time 

points. 

Inflammation and Affect Dynamics 

 The link between inflammation and affect dynamics has been investigated within the 

context of physical health. Studies found that higher affective variability was associated with 

adverse physical health outcomes, such as a higher composite physical ill health score41, a 

diagnosis of angina42, and increased risk of mortality43. Recent studies have also revealed that 

higher affective variability can be associated with heightened inflammatory markers44 and lower 

antibody titers to an influenza vaccine45. It is possible that large and repeated affective 

fluctuations are associated with chronic activation of the autonomic system, leading to higher 

systemic inflammation46. In keeping with this possibility, more pronounced affective reactivity to 

daily events was linked to increased levels of inflammatory markers31 and heightened immune 

cell gene expression29, along with greater mortality47,48 and higher risk of reporting a chronic 

condition49. 
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 One notable yet empirically underexplored research question is the role of inflammation 

in daily affective well-being. The cytokine theory of depression2 and the biopsychosocial model 

of emotion regulation50,51 offer a theoretical basis for understanding how inflammation 

influences affective processes in daily life. These theoretical models suggest that elevated 

inflammation may impact mood and emotional regulation by disrupting neural regions and 

functions critical for emotion processing and regulation. This may lead to difficulties in 

employing adaptive emotion regulation strategies, resulting in increased sensitivity and reactivity 

to daily challenges. However, empirical studies provide mixed evidence; some found heightened 

levels of inflammatory markers were associated with maladaptive emotion regulation strategies 

(i.e., less use of cognitive reappraisal and greater use of expressive suppression)52-55, whereas 

others showed the reverse associations56. Examining the effects of inflammation on daily affect 

dynamics could enrich current literature by highlighting the fluctuating nature of affective 

processes in everyday life. 

Age and Gender Differences 

 Age and gender can serve as important factors underlying the associations among 

depressive symptoms, inflammation, and daily affect dynamics. With age, systemic inflammation 

seems to naturally increase at least in industrialized countries, contributing to a state of chronic 

low-grade inflammation57,58. Aging is also associated with changes in brain structure and 

function, including alterations in neural connectivity and reward-related regions, which may 

influence central nervous system sensitivity to inflammatory signaling5. Together, age-related 

changes in immune and neural processes have been proposed as mechanisms through which 

depressive symptoms and affective experiences may manifest differently across the lifespan and 

show distinct associations with inflammation59. In addition, depressive symptoms and affect 

Copyright  2026 Society for Biopsychosocial Science and Medicine Unauthorized reproduction of the article is prohibited.

ACCEPTED



dynamics may contribute to higher inflammatory activity through behavioral and physiological 

pathways, potentially creating a bidirectional process in which sustained inflammation further 

exacerbates depressive symptoms and contributes to downstream health60-62.  

 Gender differences additionally warrant attention, given evidence that men and women 

may differ in their inflammatory responses and their susceptibility to depression. Women are 

more likely to experience depressive symptoms63, can show greater sensitivity to interpersonal 

stressors64, and in some contexts exhibit heightened proinflammatory responses65. However, 

empirical evidence linking depression and inflammation has been mixed, varying by sample 

characteristics, study design, and whether basal or stimulated inflammatory markers are 

examined66-68. Despite these patterns, relatively few studies have explicitly examined age or 

gender as moderators of affect–inflammation linkages. Accordingly, the present study explored 

potential age- and gender-related differences in these mediating processes to better characterize 

individual differences in biopsychosocial pathways.  

The Present Study 

 The goal of the present study was to examine the bidirectional longitudinal relationship 

between depressive symptoms and inflammation and the mediating role of daily affect dynamics 

in this relationship. This study leverages multiple time-scale longitudinal data, which 

incorporates the longitudinal panel data with daily diary data, capturing fluctuations and shifts in 

human behavior, psychological states, or physiological processes that manifest over distinct 

temporal intervals69. Guided by biopsychosocial frameworks50, we conceptualized depressive 

symptoms and inflammation as components of a dynamic reciprocal system in which 

psychological and physiological processes influence one another across time. Our novel 

contribution is in identifying which specific aspects of daily affect dynamics (affective 
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variability vs. reactivity to daily stressors) and valence domains (positive vs. negative affect) 

serve as mechanisms linking these associations longitudinally. This suggests intervention 

implications, highlighting daily affective fluctuation or stress response as modifiable targets for 

interrupting the relationship between depressive symptoms and inflammation. 

We examined two primary research aims. First, we examined whether there was 

a bidirectional and longitudinal relationship between depressive symptoms and inflammation by 

using a cross-lagged panel model. Second, we tested the mediating effects of daily affective 

variability and affective reactivity to daily stressors on this relationship. By employing multilevel 

structural equation modeling (MSEM), two research questions were simultaneously modeled 

including the following four indirect effects:  

(1) depressive symptoms at Time 1 → affect variability/reactivity at Time 1 → affect 

variability/reactivity at Time 2 → depressive symptoms at Time 2,  

(2) depressive symptoms at Time 1 → affect variability/reactivity at Time 1 → affect 

variability/reactivity at Time 2 → inflammation at Time 2,  

(3) inflammation at Time 1 → affect variability/reactivity at Time 1 → affect 

variability/reactivity at Time 2 → inflammation at Time 2, and  

(4) inflammation at Time 1 → affect variability/reactivity at Time 1 → affect 

variability/reactivity at Time 2 → depressive symptoms at Time 2.  

As an exploratory analysis, we evaluated individual differences in these mediating 

effects, focusing on potential age (<50 years vs. ≥ 50 years) and gender differences.  

Method 

Data and Participants 
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 The current study used publicly available data from the Midlife in the United States 

(MIDUS) study (https://www.icpsr.umich.edu/web/ICPSR/series/203), a national study 

investigating factors associated with health and well-being changes across the adult life span70. 

All procedures were approved by the Institutional Review Boards of the University of 

Wisconsin-Madison (IRB Protocol number: 2016-1051) and Pennsylvania State University (IRB 

Protocol number: PRAMS00042558).  

MIDUS initially recruited 7,108 English-speaking adults in 1995-1996 (MIDUS 1), aged 

25-74 years and from the continental U.S. using random digit dialing (RDD). Participants 

completed a baseline phone interview, followed by self-administered questionnaires sent by mail, 

with a response rate of 89%. In 2004-2005, a second wave of data collection (MIDUS II) 

included 4,963 of the original participants (response rate = 81%), with a 75% mortality-adjusted 

retention rate. To enhance minority representation in MIDUS 2, an additional sample (stratified 

by age, gender, and socioeconomic status) of 592 adults, primarily Black or African American 

participants, was recruited from Milwaukee County, WI, in 2005-2006 (response rate = 67.2%). 

The third wave of survey data (MIDUS Ⅲ) was collected on a longitudinal sample of 3,294 

participants in 2013-2014 (response rate = 83%) and on a longitudinal follow-up of Milwaukee 

sample (n = 389; response rate = 84.1%). The mortality-adjusted retention rate between MIDUS 

2 and MIDUS 3 was 77% and that between the two waves of the Milwaukee sample was 78%.  

The present study used a cohort design by using data from the second and third waves of 

the MIDUS study, including parent surveys and two sub-projects, the Daily Diary Project (the 

National Study of Daily Experiences [NSDE])71 and the Biomarker Project. From the MIDUS 

parent survey participants (including Milwaukee samples) who completed the baseline interview 

and SAQs, the NSDE randomly selected a subsample of 2,022 participants from MIDUS 2 and 

Copyright  2026 Society for Biopsychosocial Science and Medicine Unauthorized reproduction of the article is prohibited.

ACCEPTED



1,236 participants from MIDUS 3. NSDE participants completed daily telephone interviews 

across eight consecutive days about their daily experiences, including positive and negative 

affect and stressful events. Similarly, the Biomarker Project recruited a subsample of 1,255 from 

MIDUS 2 and 863 from MIDUS 3 parent surveys. Data collection for the Biomarker Project was 

carried out during an overnight stay at one of the three General Clinical Research Centers 

(CRUs) located in Madison, WI, Washington DC, or Los Angeles, CA. This collection included a 

wide range of biomarkers reflecting the functioning of various body systems (e.g., the immune 

system, cardiovascular system, and metabolic processes) as well as self-reported data including 

medication use and self-administered questionnaires regarding psychosocial well-being.  

The final analytic sample included 563 adults who participated in either waves of the 

Daily Diary and Biomarker Projects, had no missing data on sociodemographic and health-

related covariates, and provided at least one data point on depressive symptoms and 

inflammation. Missing data were addressed within the Bayesian estimation framework, which 

has parallels to maximum-likelihood-based approaches. For the affective reactivity models, the 

study sample was reduced to 472 adults with 3,383 observations, after excluding missingness in 

daily stressors in NSDE 2 and 3.  

Measures 

Daily variables from NSDE 

 Daily affect. Participants reported positive and negative affect during daily telephone 

interviews72-74. Positive affect was assessed with 13 items (feelings of being in good spirits, 

cheerful, extremely happy, calm and peaceful, satisfied, full of life, connected to others, having a 

sense of belonging, enthusiastic, attentive, active, proud, and confident), and negative affect was 

assessed with 14 items (feeling restless or fidgety, nervous, worthless, deeply sad, exhausted by 
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effort, hopeless, lonely, afraid, jittery, irritable, ashamed, upset, angry, and frustrated). 

Participants rated each item on a five-point scale from 0 (none of the time) to 4 (all of the time). 

Daily positive and negative affect were calculated by averaging scores of items. At Time 1 (i.e., 

NSDE 2), between-person reliability for daily negative affect was 0.92, and within-person 

reliability was 0.81. For daily positive affect, between-person reliability was 0.97, and within-

person reliability was 0.85. At Time 2 (i.e., NSDE 3), between-person reliability for daily 

negative affect was 0.94, and within-person reliability was 0.81. For daily positive affect, 

between-person reliability was 0.97, and within-person reliability was 0.8675.  

 Daily stressors. Daily stressors were assessed using the Daily Inventory of Stressful 

Events76. This inventory included seven questions asking if seven specific types of stressors had 

occurred in the past 24 hours (i.e., arguments, avoided arguments, work overloads, home 

overloads, discrimination, network stressors, and other stressors). Days when any of the seven 

stressors had occurred were coded as 1 (stressor day), and days without any stressors were coded 

as 0 (non-stressor day). 

Depressive symptoms and inflammation from the Biomarker Project 

 Depressive symptoms. Depressive symptoms were assessed using the 20-item Center for 

Epidemiologic Studies Depression (CES-D) scale77 as part of the Biomarker Project. The CES-D 

includes four subscales: depressed affect (7 items), positive affect (4 items), somatic complaints 

(7 items), and interpersonal problems (2 items). Participants rated the frequency of symptoms 

experienced during the past week on a 4-point scale ranging from 0 (“rarely or none of the time”) 

to 3 (“most or all of the time”). Four items for positive affect subscales were reverse-scored to 

represent that higher overall scores indicated greater depressive symptoms. The total depressive 

symptom score was calculated by summing responses across the 20 items, yielding a possible 
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range of 0 to 60. The internal reliability (Cronbach’s alpha) was 0.90 at Time 1 and 0.88 at Time 

2 in the current sample. To adjust the skewness of the distribution, the summed scores were log-

transformed. 

 Inflammatory markers. For the current study, we used CRP, a broad marker of systemic 

inflammation, and a set of inflammatory cytokines (i.e., IL-6, IL-8, IL-10, and TNFα). On the 

second day of overnight stay at the CRUs, participants provided fasting blood samples before 

breakfast. Blood samples were stored at -60 to -80C at each collection location until shipped to 

the MIDUS Biocore lab. Serum CRP (assay range: 0.014 - 216 pg/mL; inter-assay CV: 4.72-

5.16%; intra-assay CV: 22.2-4.1%) was assessed using a particle enhanced 

immunonephelometric assay (BNII nephelometer, Dade Behring Inc., Deerfield, IL) utilizing a 

particle-enhanced immunonephelometric assay. Serum IL-6 (assay range: 0.156-10 pg/mL; inter-

assay CV: 12.31%; intra-assay CV: 3.25%) was assayed using a commercially available high-

sensitivity enzyme-linked immunosorbent assay (ELISA; Quantikine, R&D Systems, 

Minneapolis, MN). Serum IL-8 (assay range: 1.13-375 pg/mL; inter-assay CV: 6-7%; intra-assay 

CV: 2.88%), IL-10 (assay range: 0.68-233 pg/mL; inter-assay CV: 11-14%; intra-assay CV: 

5.78%), and TNFα (assay range: 0.69-248 pg/mL; inter-assay CV: 7%; intra-assay CV: 3.19%) 

were assayed using a V-plex Custom Human Cytokine Kit (Meso Scale Diagnostics, Rockville, 

MD). 

 Pro-inflammatory cytokines (e.g., IL-6, IL-8, TNFα) and anti-inflammatory cytokines 

(e.g., IL-10) were positively correlated, with higher levels of these markers indicating a greater 

inflammatory load. In accordance with conceptual differences between CRP and cytokines78-80, 

CRP was examined separately from inflammatory cytokines. Aggregated cytokine scores were 

used for the analyses with these markers using established methods81-82. This modeling approach 
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captures overlapping but distinct components of systemic inflammation: CRP primarily reflects 

downstream acute-phase activity, whereas circulating cytokines index immune signaling and 

regulatory processes. All inflammatory markers were log-transformed to adjust the skewness of 

distributions, and then winsorized to 3 standard deviations to adjust for the potential impact of 

outliers (< 2% of total observations; range: 0-11 observations). Z-scored cytokine levels across 

four inflammatory markers were averaged to calculate a composite cytokine score. 

 To further examine the structure of the inflammatory markers, we conducted exploratory 

factor analyses (EFA; see Table S3, Supplemental Digital Content, 

http://links.lww.com/PSYMED/B188). When all markers were included, a two-factor solution 

emerged with IL-6 and CRP clustering together and the remaining cytokines loading on a 

separate factor. However, when CRP was excluded, the cytokines formed a single-factor 

solution, supporting their aggregation. Notably, IL-6 loaded with the other cytokines in cytokine-

only models but clustered with CRP when CRP was included, indicating that the factor structure 

was sensitive to model specification. This pattern is consistent with the role of IL-6 in both 

stimulating acute-phase responses and promoting cytokine signaling. Given this instability and 

the distinct biological role of CRP as a downstream marker of systemic inflammation, we treated 

CRP separately and used a composite score of the remaining cytokines. We also conducted 

sensitivity analyses examining individual cytokine markers separately to ensure that the observed 

findings were not driven by aggregation across cytokine markers. 

Covariates 

 In keeping with recommendations informed by prior literature14,83, sociodemographic 

variables, including age, gender (1=women, 0=men), education level (1=college graduate, 0=less 

than college graduate), race (1=White, 0=non-White), and household income (1=5th quintile, 
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0=less than 5th quintile) at Time 1, were included as person-level covariates. When predicting 

inflammation at Time 2, additional health-related variables at Time 2 from the Biomarker Project 

were included as covariates, which were body mass index (BMI), current smoking status (1=yes, 

0=no), number of chronic health conditions, regular physical activity (1=engaging in regular 

exercise or activity of any type for 20 minutes or more at least 3 times/week; 0=no regular 

exercise) and medication uses for blood pressure (1=yes, 0=no) and controlling cholesterol 

(1=yes, 0=no). For affective reactivity models, when estimating random slopes of affective 

reactivity, a day-level variable that indicates whether an interview day was weekdays (vs. 

weekend) was included as a covariate.  

Analytic Plan 

 We first estimated cross-lagged panel models (CLPM) to examine the direct, bidirectional 

associations between depressive symptoms and inflammation. In these models, cross-lagged 

paths indicate the extent to which the change in one construct can be predicted from the 

individual’s prior deviation from the group mean on the other construct, whereas the 

autoregressive paths account for the stability of each construct across waves84,85. In the current 

analyses, we tested whether depressive symptoms predicted subsequent changes in inflammation 

(and vice versa) while controlling for the stability of both depressive symptoms and 

inflammation over time. 

Then we utilized multilevel structural equation modeling (MSEM) to examine the 

mediating role of affective variability and affective reactivity to daily stressors. MSEM 

incorporates the features of multilevel modeling and structural equation modeling, enabling a 

multivariate examination of variables across varying levels of data86. Two-level MSEM analyses 

were conducted to account for the hierarchical structure of the current data where days are nested 
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in individuals. The proposed mediation model (Figure 2.1) was evaluated using a 2-1-2 

mediation model, where the predictor variable (X) is a between-person variable (Level 2), the 

mediator variable (M) is a within-person variable (Level 1), and the outcome variable (Y) is a 

between-person variable (Level 2)86,87. MSEM allows random effect parameters, such as within-

person residual variance (or random variability) and random slope coefficients, to be modeled 

simultaneously as exogenous predictors or endogenous outcomes across levels of analyses87,88. 

Guided by previous literature, the final analytic model was constructed by combining a 

cross-lagged panel model of depression and inflammation at Level 2 with mediation paths 

involving daily affective variability and affective reactivity to daily stressors as Level-1 

mediators. The between-person part of the models specified the direct effects, including the 

cross-lagged paths and auto-regressive paths of depression and inflammation at Time 1 and Time 

2. At the within-person level, models estimated each individual’s residual variance in daily affect 

across days as a measure of affective variability. Affective reactivity was captured by random 

slopes of daily affect regressed on the occurrence of daily stressors, representing the degree to 

which daily affect shifted on stressor days relative to non-stressor days89. Separate models for 

positive and negative affect, as well as for affective variability and reactivity, were estimated to 

examine their unique associations with depressive symptoms and inflammation, using CRP and 

the composite cytokine measure as two separate outcomes. For each of the models, four direct 

and four indirect effects or mediation paths were tested. Exploratory analyses evaluated the 

individual differences in these pathways based on age (<50 years vs. ≥ 50 years) and gender. All 

analyses were conducted in Mplus Version 8.8 using Bayesian Monte Carlo Markov Chain 

(MCMC) estimation with a maximum of 50,000 iterations and two chains90. In Bayesian MCMC 

estimation, the credibility of an estimate is reflected in the posterior distribution, where the 
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standard deviation of the posterior serves as the MCMC analog of a frequentist standard error, 

and the 95% credible interval corresponds to the 2.5 and 97.5 percentiles of the posterior. 

Because Bayesian estimation does not rely on null-hypothesis testing or p-values, parameters are 

evaluated by whether their 95% credible interval includes zero, suggesting insufficient posterior 

evidence to distinguish the effect from zero88,91. 

Several sensitivity analyses were conducted. First, to account for the time intervals 

between the Biomarker Project and Daily Diary Projects at the second wave, we re-estimated the 

models by (1) including time intervals (in months) as a covariate and (2) restricting the sample 

who completed the Biomarker Project prior to the Daily Diary Project. Second, we assessed the 

independence of PA and NA dynamics by adjusting for the corresponding dynamics of the 

opposite valence (e.g., PA variability model adjusting for NA variability, and vice versa). Finally, 

we conducted analyses using individual cytokine markers, rather than a cytokine composite 

score, to evaluate whether associations differed across specific cytokine markers.  

 

Results 

Descriptive Statistics  

 At baseline, the mean age of participants was 52.4 years (SD = 9.7, range: 34-81), 57% 

were female, and 55% were college graduates. The racial composition of the study sample was 

83% White, 13% Black and/or African American, 4% Native American, Asian, or other race. At 

Time 2, participants had an average of 4.9 chronic conditions, 41% had a body mass index of 30 

or higher, 7% were current smokers, and 75% engaged in regular exercise. Approximately 50% 

of the sample used medication for blood pressure, and 44% used cholesterol medication. More 
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detailed descriptives are available in Table S1, Supplemental Digital Content, 

http://links.lww.com/PSYMED/B188. 

 Table 1 presents the bivariate correlations among age, depressive symptoms, 

inflammatory markers, and daily affect dynamics. Older age was correlated with lower 

depressive symptoms, daily affect variability, and reactivity to daily stressors, and higher levels 

of IL-6 at both time points. Depressive symptoms were positively correlated with affective 

variability and reactivity and CRP. Higher levels of IL-6 were correlated with higher PA and NA 

reactivity and PA variability, and higher levels of CRP were correlated with higher PA and NA 

variability and reactivity to daily stressors. There were positive correlations between PA and NA 

variability and between PA and NA reactivity. Higher PA variability was positively correlated 

with NA reactivity, whereas higher NA variability was positively correlated with higher PA and 

NA reactivity. The results from the MSEM models are presented in Figures 1 and 2 and Table S2, 

Supplemental Digital Content, http://links.lww.com/PSYMED/B188.  

Cross-lagged Panel Models  

 The CLPM results showed that both depressive symptoms (cytokine model: Est. = 0.539; 

95% CrI [0.472, 0.604], CRP model: Est. = 0.539; 95% CrI [0.473, 0.606]) and inflammation 

(cytokines: Est. = 0.390; 95% CrI [0.311, 0.469], CRP: Est. = 0.454; 95% CrI [0.363, 0.545]) 

showed credible autoregressive paths. Specifically, higher depressive symptoms at Time 1 were 

associated with higher depressive symptoms at Time 2, and higher inflammatory markers at Time 

1 were also associated with higher inflammatory markers at Time 2. However, there were no 

credible cross-lagged paths between depressive symptoms and inflammation across all the 

CLPM models.  

MSEM Mediation Models 
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Affective Variability Models 

 For the between-person direct effects, consistent with the CLPM results, the 

autoregressive paths for both depressive symptoms and inflammation were credible, whereas no 

credible cross-lagged associations between depressive symptoms and inflammation were 

observed in any of the models. 

 For within-person indirect effects, positive affect variability had indirect effects in the 

longitudinal autoregressive paths of depressive symptoms in both cytokines and CRP models 

(Figure 1; indirect effects; cytokine model: Est. = 0.012; 95% CrI [0.004, 0.023], CRP model: 

Est. = 0.012; 95% CrI [0.004, 0.023]). Higher depressive symptoms at Time 1 were associated 

with higher PA variability at Time 1, which was linked to higher PA variability at Time 2; further, 

higher PA variability at Time 2 was linked with higher depressive symptoms at Time 2. PA 

variability had indirect effects in the longitudinal cross-lagged path of depressive symptoms and 

CRP (indirect effects: Est. = 0.011; 95% CrI [0.003, 0.023]). Higher depressive symptoms at 

Time 1 were associated with higher PA variability across Time 1 (Est. = 0.048; 95% CrI [0.031, 

0.066]) and Time 2 (CRP model: Est. = 0.359; 95% CrI [0.240, 0.471]), which was linked to 

higher CRP levels at Time 2 (Est. = 0.663; 95% CrI [0.212, 1.118]). There were no credible 

indirect effects for the autoregressive association of inflammation and the cross-lagged 

association from inflammation to depressive symptoms. 

 In contrast, negative affect (NA) variability had significant indirect effects in the 

longitudinal autoregressive paths of depressive symptoms (indirect effects; cytokines model: Est. 

= 0.078; 95% CrI [0.052, 0.109], CRP model: Est. = 0.077; 95% CrI [0.051, 0.108]). 

Specifically, higher depressive symptoms at Time 1 were associated with higher NA variability at 

Time 1, which was linked to higher NA variability at Time 2 as well as higher depressive 
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symptoms at Time 2. No credible mediating pathways were observed for the autoregressive 

association of inflammation and the cross-lagged associations between depressive symptoms and 

inflammation. 

Affective Reactivity Models 

 In line with affective variability models and CLPM models, there were credible 

longitudinal autoregressive paths for depressive symptoms and inflammation. However, there 

were no direct cross-lagged associations between depressive symptoms and inflammation across 

the two time points. 

 For indirect effects, PA reactivity had indirect effects in the longitudinal autoregressive 

paths of depressive symptoms (indirect effects; cytokine model: Est. = 0.122; 95% CrI [0.006, 

0.563], CRP model: Est. = 0.107; 95% CrI [0.005, 0.429]). Specifically, higher depressive 

symptoms at Time 1 were associated with lower PA reactivity (indicating greater reduction in PA 

in response to daily stressors), at Time 1. Lower PA reactivity at Time 1 was then linked to lower 

PA reactivity at Time 2, and lower PA reactivity at Time 2 was associated with higher depressive 

symptoms at Time 2.  

Similarly, NA reactivity had indirect effects in both the longitudinal autoregressive paths 

of depressive symptoms (Figure 2; indirect effects; cytokine model: Est. = 0.077; 95% CrI 

[0.037, 0.131], CRP model: Est. = 0.075; 95% CrI [0.036, 0.129]). Higher depressive symptoms 

at Time 1 were linked to higher NA reactivity (indicating a greater increase in NA in response to 

daily stressors), at Time 1. This heightened NA reactivity at Time 1 was associated with 

heightened NA reactivity at Time 2, which was also linked to higher depressive symptoms at 

Time 2. Moreover, NA reactivity had indirect effects in the cross-lagged association from CRP to 

depressive symptoms (indirect effect: Est. = 0.025; 95% CrI [0.001, 0.061]). Higher levels of 
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CRP at Time 1 were associated with elevated NA reactivity at Time 1 (Est. = 0.030; 95% CrI 

[0.001, 0.060]) and Time 2 (Est. = 0.486; 95% CrI [0.345, 0.647]); NA reactivity at Time 2 was 

also linked with higher depressive symptoms at Time 2 (Est. = 1.781; 95% CrI [0.938, 2.727]; 

Figure 2). No credible mediating effects were found for the longitudinal autoregressive paths of 

inflammation or for the cross-lagged associations from depressive symptoms to inflammation.  

Exploratory Analyses 

 Exploratory analyses were conducted to evaluate age and gender differences in the 

associations among depressive symptoms, inflammation measures, and daily affect dynamics. 

Overall, the results indicated that the mediating role of daily affect dynamics in the associations 

between depressive symptoms and inflammation was primarily driven by the younger sample 

(age < 50). Among four affect dynamic indicators, most showed consistent mediating effects in 

the pathways from baseline to follow-up depressive symptoms in both age groups, except PA 

reactivity, which showed no credible effects. In contrast, the mediating effects of PA variability 

in the depressive symptoms-to-CRP link and NA reactivity in the CRP-to-depressive symptoms 

link were only credible in the younger age group. Additional indirect effects involving NA 

variability as a mediator in the CRP-to-depressive symptoms link were observed only among 

individuals younger than 50.  

 Gender differences were also observed in the mediating effects of daily affect dynamics. 

The mediating paths of PA variability in the depressive symptoms-to-CRP pathway and NA 

reactivity in the CRP-to-depressive symptoms pathway were credible only among women. For 

longitudinal autoregressive paths of depressive symptoms, PA dynamics showed no credible 

mediation in either gender, except for PA variability, which mediated this path only among men. 
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In contrast, the mediating effects of NA dynamics in the longitudinal autoregressive paths of 

depressive symptoms remained credible in both men and women. 

Sensitivity Analyses 

 The results from sensitivity analyses are summarized in Tables S4 and S5, Supplemental 

Digital Content, http://links.lww.com/PSYMED/B188. To account for variability in the timing 

between blood collection and daily diary assessments, we first estimated models including the 

time interval (i.e., months between the daily diary and biomarker projects) as an additional 

covariate. The results were consistent with the main analyses, indicating that adjusting for the 

time interval between assessments did not alter the findings. Restricting the sample to 

participants who completed the depressive symptoms measure prior to the daily diary 

assessments (Variability models: ndays = 2,648, nperson = 331; Reactivity models: ndays = 1,986, 

nperson = 276) yielded largely similar results, with the exception that the mediating effect of PA 

reactivity in longitudinal depressive symptoms was no longer credible. To examine the 

independent effects of PA and NA dynamics, we conducted additional analyses including the 

corresponding PA/NA dynamics as a covariate. Results were largely unchanged; however, the 

mediating effect of PA variability on longitudinal depressive symptoms was no longer evident. 

Finally, to assess whether the composite cytokine score obscured heterogeneity across individual 

cytokine markers, we estimated models using each cytokine separately (i.e., IL-6, IL-8, IL-10, 

and TNF-α). The results were consistent with those from the cytokine composite models, with no 

evidence of mediating effects of daily affect dynamics linking depressive symptoms and 

cytokine markers.  
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Discussion 

 The current study examined the mediating role of daily affect dynamics in the 

longitudinal and reciprocal associations between depressive symptoms and inflammation. Using 

multiple time-scale data collected across 13 years, the study assessed whether daily positive and 

negative affective variability and affective reactivity to daily stressors mediated the relationships 

between depressive symptoms and inflammatory markers. In models adjusting for 

sociodemographic and health-related covariates, results suggest that all four affect dynamics 

indicators mediated the longitudinal autoregressive paths of depressive symptoms, whereas none 

mediated the longitudinal autoregressive paths of inflammatory markers. NA reactivity to daily 

stressors mediated the paths from CRP at Time 1 to depressive symptoms at Time 2. PA 

variability mediated the paths linking higher depressive symptoms at Time 1 to higher CRP at 

Time 2. These associations were more evident among the younger age group under age 50 and 

women, compared to the older age group and men. 

 Findings indicated that higher depressive symptoms at baseline were associated with 

higher PA and NA variability and reactivity, which in turn were associated with higher depressive 

symptoms at 13-year follow-up. This is in line with previous studies that observed elevated 

affective variability and affective reactivity among depressed individuals, measured by intensive 

assessments in naturalistic settings33,34,36. Previous studies have also shown that higher affective 

variability, inertia, and instability were predictive of maintaining higher depression severity38. 

Our findings extend this work by showing that disrupted daily affect dynamics are not only 

cross-sectional markers of depression, but also contribute to long-term depressive 

symptomologies, suggesting that sustained elevations in depressive symptoms may be 

Copyright  2026 Society for Biopsychosocial Science and Medicine Unauthorized reproduction of the article is prohibited.

ACCEPTED



maintained through daily affect dynamics. These results underscore daily affect regulation as a 

key mechanism underlying long-term depressive symptoms. 

Results of the present work further revealed that daily NA dynamics mediated the 

association between baseline inflammation and subsequent depressive symptoms. Specifically, 

higher baseline CRP was associated with heightened NA reactivity to daily stressors and, among 

younger individuals (age < 50), with greater NA variability, both of which predicted elevated 

depressive symptoms at follow-up. These findings support the cytokine theory of depression2; 

inflammatory signaling may contribute to everyday mood fluctuation by activating the HPA axis, 

altering neurotransmitter systems, reducing serotonin secretion, and impairing neurocircuitry 

involved in emotional processing, all of which may contribute to the development of 

depression92. As such, elevated inflammatory markers likely reflect underlying cytokine activity 

that disrupts emotion regulation processes. In line with empirical evidence linking maladaptive 

emotion regulation strategies to elevated inflammation54, our findings extend this work to 

dynamic characteristics of affect, highlighting the role of CRP in predicting daily negative 

affective reactivity. One plausible explanation for this association between CRP and NA 

reactivity is the comorbidity of inflammation, physical symptoms, and negative affect, in which 

inflammation-related physical symptoms such as fatigue and pain contribute to heightened 

negative affect93,94. In other words, inflammation may increase physical discomfort in daily life, 

which may interfere with effective affective regulation and lead to greater reactivity to daily 

stressors. It is also plausible that underlying physical conditions may contribute to both 

heightened inflammation and disrupted affective regulation. Notably, NA reactivity emerged as a 

more consistent pathway linking inflammation to subsequent depressive symptoms, whereas NA 

variability appeared to be less relevant to the depression-inflammation pathway. NA reactivity 
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captures the degree to which individuals mount affective responses to daily stressors, reflecting 

individual differences in stress sensitivity. These processes are closely tied to underlying stress-

response systems that are also implicated in inflammatory activity. In contrast, NA variability 

may reflect more general affective liability, but may be less indicative of how individuals 

respond to environmental challenges relevant to inflammation. This pattern suggests that 

associations between NA dynamics and inflammation may be context-dependent. 

Furthermore, our findings highlight the role of positive affect dynamics as a key affective 

regulatory process linking depressive symptoms and inflammation. Whereas previous literature 

has primarily focused on NA dynamics95, the present research identified PA dynamics as a 

pathway from depressive symptoms to inflammation. Specifically, higher depressive symptoms 

at baseline were associated with greater PA variability, which in turn predicted higher CRP at 

follow-up. This pattern of associations supports the scar hypothesis of depression, potentially 

through mechanisms such as altering self-image25, engaging in maladaptive health behaviors13,14, 

and increasing emotional and physiological susceptibility to stress16,18. The current study extends 

this line of work by suggesting that disrupted affect dynamics can function as a pathway linking 

depression to health. It is notable that PA reactivity did not emerge as a significant pathway, 

suggesting that reduced capacity to sustain stable positive emotional states, rather than context-

dependent fluctuations in response to stressors, may be more closely linked to chronic 

physiological processes such as inflammation. PA variability reflects the capacity to experience 

fluctuation in rewarding or engaging states across days and captures aspects of regulatory 

instability in reward-related systems. Greater PA variability may index flexibility and access to 

positive experiences, which can buffer the impact of chronic low-grade inflammation on 

depressive symptoms. In contrast, PA reactivity to stressors is a relatively constrained process; 
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positive affect often shows smaller, less consistent within-person changes in response to daily 

stressors than negative affect. As such, PA reactivity may provide limited additional information 

beyond overall PA variability in distinguishing who is protected versus vulnerable in the context 

of inflammation. Sensitivity analyses further indicated that pathways involving PA dynamics 

were attenuated in some models, including those adjusting for NA dynamics, whereas 

associations involving NA dynamics remained robust when adjusting for PA dynamics. This 

pattern suggests that NA dynamics may represent a more stable and independent pathway linking 

inflammation and depressive symptoms, whereas associations involving PA dynamics may 

partially overlap with or be accounted for by NA processes. Together, these findings highlight 

distinct roles of positive and negative affect dynamics in daily life, with NA dynamics showing 

more consistent and robust associations. These findings suggest that intervention strategies may 

benefit from targeting PA and NA systems separately, depending on individuals’ existing mental 

and physical conditions. 

 Exploratory analyses revealed that the mediating effects of daily affect dynamics in the 

depressive-symptoms-to-inflammation link were more pronounced among individuals under age 

50 and among women. Among younger individuals (age < 50), elevated inflammation may be 

indicative of individual variations in deteriorating health or increased allostatic load and stress. 

In contrast, older individuals (age ≥ 50) often exhibit elevated inflammatory levels, perhaps due 

to existing disease or the accumulation of low-grade systemic inflammation associated with 

aging57; these phenomena might make it more difficult to observe additional variation in 

response to psychological processes. In addition, recent studies have pointed to gender/sex 

differences in the relationship between inflammation and depression68. For example, men with 

elevated depressive symptoms have been shown to mount higher inflammatory responses in 
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contrast with women68,96. Aligning with some previous work14, our findings offer preliminary 

support for gender/sex differences in the role of daily affect dynamics in depressive symptoms 

and inflammation, particularly among women. Further work is needed to elucidate the 

mechanisms underlying such gender/sex differences. 

 Notably, mediated associations between depressive symptoms and inflammation were 

observed for CRP, but not for cytokines. Prior work suggests that links between affective 

experiences and inflammatory processes may depend on the temporal alignment of psychological 

and biological assessments81. Proinflammatory cytokines tend to respond rapidly to external 

stressors and exhibit substantial short-term variability, whereas CRP – an acute-phase protein 

downstream in the inflammatory cascade – integrates inflammatory signaling over longer periods 

and seems to be less sensitive to transient perturbations78-80. Consistent with this distinction, 

previous studies have shown that when affect and inflammatory markers are assessed in close 

temporal proximity, cytokines are more strongly associated with short-term affective dynamics, 

whereas CRP is more consistently linked to indices of daily affect dynamics when assessments 

are spaced further apart44,81,97. Given that the time lag between diary assessments and blood 

draws in the present study spanned months to years, the observed specificity to CRP is consistent 

with evidence supporting CRP as a more stable indicator of systemic inflammation in long-term 

observational research.  

The current study did not find direct cross-lagged relationships between depressive 

symptoms and inflammatory markers. Previous cross-sectional studies reported robust 

correlations between depression and inflammation98, with some mixed evidence68,99,100. 

Longitudinal evidence varies across studies, with findings differing based on the directionality of 

effects, whether baseline levels are adjusted, and characteristics of study samples such as age and 
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clinical depression status7,10-12,14. In the current study sample, we found cross-sectional 

correlations, but not longitudinal associations, possibly due to the long-time gap between 

assessments. However, our results found credible indirect effects of daily affect dynamics on this 

relationship, suggesting that the links between mental and physical health may unfold through 

dynamic, time-sensitive processes in daily life. These findings are in line with process-based 

models of health that underscore the cumulative effects of daily experiences on physiological 

systems22,23,101. Together, these results suggest that the intricate prospective relationships 

between depressive symptoms and inflammation require nuanced examination to uncover the 

underlying mechanisms across different temporal dynamics. 

Limitations and Strengths 

 There are several limitations to consider in interpreting the current findings. First, the 

generalizability of the results is constrained by the limited racial, ethnic, and socioeconomic 

diversity of the MIDUS sample. Moreover, as the MIDUS sample is a community-based sample, 

the applicability of these results to clinical contexts remains uncertain, and the findings should be 

interpreted as reflecting associations with depressive symptoms rather than processes specific to 

MDD. It would be valuable for future research to replicate the current findings in more diverse 

and clinically representative study samples. Second, using a two-time-point mediation model 

limits the capacity to test complete mediation with distinct temporal and causal pathways. Recent 

methodological critiques of traditional CLPMs have pointed out that models with only two time 

points may not produce accurate estimates of within-person changes and limit causal 

interpretation102. The timing of daily diary and biomarker assessments also varied across 

individuals, further hindering the ability to determine temporal sequencing. Extended 

longitudinal designs across three or more time points and alternative analytic approaches, such as 
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random-intercept cross-lagged panel models, would enable future studies to better clarify the 

mediating mechanisms linking depression, inflammation, and daily affect dynamics. 

Furthermore, the current study only included two affect dynamic indicators based on 8-day diary 

design to balance data limitations and modeling feasibility. Future investigations could 

incorporate more intensive assessments over longer periods, combining high-frequency affect 

assessments with closely timed cytokine sampling, to examine additional affect dynamic 

indicators and clarify the temporal specificity of cytokine-affect linkages. In addition, although 

we adjusted for relevant covariates, inflammatory markers were assessed at a single time point 

during an overnight visit to the research center, which may be influenced by situational factors 

related to travel. Further, although soluble intercellular adhesion molecule (sICAM-1) and E-

selectin were available in the dataset, these markers are often considered indicators of endothelial 

function and vascular activation103. Although they are relevant to inflammation, they do not 

index systemic inflammation in the same way as CRP and inflammatory cytokines and there is 

less work linking them to psychosocial processes. Accordingly, the present study focused on 

CRP and inflammatory cytokines. Future studies using more rigorous and controlled assessment 

conditions, along with a broader range of inflammatory markers, may help minimize contextual 

influences on inflammatory measures and clarify the distinct roles of different markers in 

psychosocial processes. Lastly, the analyses were limited to testing linear and unique effects of 

affect dynamic indicators on depressive symptoms and inflammation. Given the recent evidence 

on the non-linear relationships between affective variability/reactivity and health outcomes44,104 

and growing emphasis on considering multiple dynamic indicators105,106, future work should 

consider modeling non-linear and joint effects to capture more nuanced patterns of these 

associations. 
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 Despite these limitations, the current study has several strengths. First, this study expands 

the current literature by linking affect dynamics to longitudinal changes in health and well-being. 

Whereas previous research has primarily focused on individual differences in affect dynamics 

based on sociodemographic characteristics or pre-existing conditions, the current study 

demonstrates how these dynamic affective characteristics may serve as indicators or mechanisms 

underlying long-term changes in mental and physical health. Second, this study leveraged 

multiple time-scale data that includes longitudinal collection of daily diary data, self-reported 

surveys, and biomarker assessments. The richness of the data and integrative design allowed for 

a novel and comprehensive examination of the interplay between depression, inflammation, and 

daily affective experiences. Further, our MSEM approach provides a methodological strength by 

appropriately accounting for the nested data structure. By simultaneously estimating within- and 

between-person components of the models, this approach can produce more accurate and less 

biased estimates by accounting for measurement errors. Finally, this study simultaneously 

considered the bidirectional nature of the relationship between depressive symptoms and 

inflammation. Whereas prior research has often focused on unidirectional relationships, the 

present work incorporated cross-lagged panel modeling, enabling direct comparison of the 

significance of associations in both directions.  

Conclusion 

The current study leveraged multiple time-scale data to evaluate the mediating role of 

daily affect dynamics in the longitudinal and bidirectional relationship between depressive 

symptoms and inflammation. Findings showed that sustained elevations in depressive symptoms 

across two time points were mediated by daily affective variability and reactivity to stressors. 

Moreover, positive affective variability mediated the pathway from heightened baseline 
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depressive symptoms to higher CRP levels at follow-up, whereas negative affective reactivity to 

daily stressors mediated the pathway from higher baseline CRP to increased subsequent 

depressive symptoms. These results provide empirical support for daily affect dynamics as 

potential mechanisms underlying the reciprocal link between depression and inflammation. 

Findings from the study underscore the role of daily affective processes in the link between 

depressive symptoms and inflammation. Intervention strategies that promote affective stability 

and adaptive stress response in daily lives may help disrupt this reinforcing cycle.  
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Figure 1 

Multilevel Mediation of Positive Affective Variability in Depressive Symptoms and CRP 

 

Note. Bold lines indicate credible paths, and dashed lines represent non-credible paths. The 

analysis was adjusted for age, gender, education level, race, and household income at Time 1. 

When inflammation was the outcome, models were additionally adjusted for BMI, smoking 

status, chronic health conditions, regular physical activity, and use of medication for blood 

pressure and controlling cholesterol.  
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Figure 2 

Multilevel Mediation of Negative Affective Reactivity to Daily Stressors in Depressive Symptoms 

and CRP 

 

Note. Bold lines indicate credible paths, and dashed lines represent non-credible paths. The 

analysis was adjusted for age, gender, education level, race, and household income at Time 1. 

When inflammation was the outcome, models were additionally adjusted for BMI, smoking 

status, chronic health conditions, regular physical activity, and use of medication for blood 

pressure and controlling cholesterol. 
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Descriptive Statistics and Correlations among Main Study Variables (N = 563, Ndays = 4,504) 
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Note. T1 = Time 1; T2 = Time 2; Affective reactivity was calculated based on 3,383 daily 

observations from 472 participants; Descriptive statistics are based on raw values; Correlations 

are based on transformed variables used in the analyses. 

†p < .10, *p < .05, **p < .01, ***p < .001 
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