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Abstract
Systemic inflammation may influence trajectories of depressive symptoms over time, perhaps differentially by sex and race.
Inflammatory markers and the Center for Epidemiologic Studies-Depression scale [total score: CES-Dtotal and four
distinctive domains: somatic complaints, depressed affect, positive affect and interpersonal problems] were examined among
African-American (AA) and White urban adults participating in the Healthy Aging in Neighborhoods of Diversity across the
Life Span (HANDLS) study [2004–2013, Agebase:30–64 y, mean ± SD follow-up time: 4.64 ± 0.93 y, N= 150 (with
cytokine data) to N= 1,767 (with other inflammatory markers)]. Findings suggest that serum concentrations of high-
sensitivity C-reactive protein (hsCRP), z-inflammation composite score [ICS, combining elevated hsCRP and ESR with low
serum albumin and iron], and serum interleukin (IL) 1β were positively associated with ΔCES-Dtotal (Δ: annual rate of
increase) among Whites only. IL-12 was directly related to ΔCES-Dtotal among men and AA. The race-specific associations
of hsCRP, ICS, IL-1β and the sex-specific association of IL-12 with ΔCES-Dtotal were replicated for the “depressed affect”
domain. Similarly, among men, lower serum albumin and higher ICS were linked with higher baseline “somatic
complaints”. IL-10 among AA and IL-12 among men were inversely related to Δ“positive affect”, while “interpersonal
problems” were cross-sectionally associated with IL-6 among AA and IL-10 among Whites. Finally, baseline ICS was
positively associated with incident “elevated depressive symptoms” (EDS: CES-Dtotal ≥ 16) among AA (HR= 1.28, 95% CI:
1.04–1.56, P= 0.017). Overall, systemic inflammation was directly linked to increased depressive symptoms over time and
at baseline, differentially across sex and race groups. More longitudinal research is needed to replicate our findings.

Introduction

Depression is characterized by altered mood and poor
cognitive function [1, 2] and is associated with a proin-
flammatory process which can lead to increased morbidity
from cardiovascular disease [3, 4]. A number of psycho-
neuroimmunological dysfunctional processes have been
proposed to help elucidate the origins of depression [2].
Indeed, depressed adults are observed to have activated
peripheral immune systems with exaggerated proin-
flammatory cytokine production and abnormalities in neu-
rotransmitter metabolism, neuroendocrine functions and
regional brain activity. These aberrant pathways could
increase the number of depressive symptoms [2]. Acute
cytokine administration to humans and animals triggers
sickness behavior, which shares common features with
depression [2]. In addition, chronic stress is associated with
a proinflammatory phenotype among adults leading to
recurrent depressive episodes [2].
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The Center for Epidemiological Studies-Depression scale
can be used to extract elevated depressive symptoms (EDS)
and can quantify total and domain-specific (e.g., depressed
affect vs. somatic complaints) depressive symptom scores in
populations. Systemic inflammation can be quantified by
increased proinflammatory cytokines (e.g., interleukins: IL-
1β, IL-6, IL-12 and IL-18) vs. decreased anti-inflammatory
cytokines (e.g. IL-10) as well as the high-sensitivity C-
reactive protein (hsCRP) levels, whose expression is trig-
gered by IL-6 [1, 5, 6]. Inflammation is also accompanied
by an increased level of fibrinogen (proxied by the Ery-
throcyte Sedimentation Rate, ESR) [7], as well as reduc-
tions in serum transferrin saturation (and/or serum iron) and
in serum albumin [8]. Importantly, depression was linked to
systemic inflammation in recent large epidemiological stu-
dies [3, 9–20]. Nevertheless, longitudinal relationships
between systemic inflammatory markers and depressive
symptoms in urban populations are under-studied, particu-
larly when those relationships are examined across sex,
race- and domains of depressive symptoms.

Using the longitudinal data on an ethnically diverse
urban sample, our study has two objectives. First, we will
assess the cross-sectional (i.e., baseline vs. baseline) and
longitudinal (i.e., baseline vs. annual rate of change (Δ);
baseline vs. incident EDS) relationships of systemic
inflammation markers with depressive symptoms. We
hypothesize that depressive symptoms are worsened by
systemic inflammation. Second, we examine the cross-
sectional and longitudinal relationships of systemic
inflammation with specific domains of depressive symp-
toms. All these associations will be tested separately by sex
and race.

Materials And Methods

Database

The Healthy Aging in Neighborhoods of Diversity across
the Life Span (HANDLS) study is an ongoing prospective
cohort study initiated in 2004. HANDLS examines health
disparities associated with race and socioeconomic status.
Using an area probability design, the study recruited a
representative sample of African-Americans (AA) and
Whites with baseline ages 30–64 years residing in Balti-
more, Maryland [21]. The baseline visit (visit 1) had two
phases. Phase I conducted participant screening and
recruitment and administered a general household inter-
view. Phase II consisted of in-depth examinations in mobile
Medical Research Vehicles (MRVs). Follow-up examina-
tions were performed in the MRVs. Following access to a
protocol booklet in layman’s terms coupled with a video
describing procedures and re-contacts, written informed

consent was obtained. The National Institute on Environ-
mental Health Sciences Institutional Review Board of the
National Institutes of Health approved the study protocol.

Our current study extracted longitudinal data from base-
line (visit 1, performed in 2004–2009) designated as visit 1
and first follow-up examination (visit 2, performed in
2009–2013, mean ± SD follow-up interval= 4.65 y ± 0.93 y)
designated as visit 2.

Study Sample

The initial HANDLS sample consisted of 3,720 participants
(Sample 1). Dietary data were available for N= 2,177
baseline participants (2 24 h dietary recalls) while depres-
sive symptoms data were available for N= 2,736 and N=
2,239 at visits 1 and 2, respectively. Baseline systemic
inflammatory marker data were complete among N= 2,580
[serum high sensitivity C-reactive protein (hsCRP), Ery-
throcyte Sedimentation Rate (ESR), albumin and iron] and
among N= 244–259 for cytokines (interleukins, IL-1β, IL-
6, IL-10, IL-12 and IL-18). For participants with complete
dietary data, depressive symptoms were complete on 1 or 2
visits for N= 1,991 subjects. Inclusion and exclusion cri-
teria were determined based on completeness of outcomes,
exposures and covariates, with no other sample restrictions.
Excluding missing data on baseline exposures and covari-
ates along with missing data on depressive symptoms at
both visits yielded two final analytic samples [Sample 2A:
N2A= 1,767; repeated observations N′2A= 3,054 for data
complete on serum hsCRP, ESR, albumin and iron; Sample
2B: N2B= 150; repeated observations N′2B= 260 for data
complete on all cytokines]. Participants in Sample 2A dif-
fered significantly from the remaining Sample 1 of
HANDLS by age (+ 0.72 y older, P= 0.019), with a
reduced proportion of AA (56.7 vs. 61.3%, P= 0.005).
Compared to Sample 1, Sample 2B had a higher proportion
of AA (75.3 vs. 58.4%, P < 0.001), but lower proportions of
men (35 vs. 46%, P= 0.008) and individuals above poverty
(48 vs. 59%, P= 0.006). A two-stage Heckman selection
model was used to adjust for potential selection bias asso-
ciated with these sociodemographic factor differentials.

Depressive symptoms

Measures of depressive symptoms at each visit were
available using the 20-item Center of Epidemiological
Studies-Depression (CES-D), a self-reported symptom rat-
ing scale assessing affective and depressed mood [22],
which has good psychometric properties in various studies
of older adults [23]. A total CES-D (CES-Dtotal) score ≥ 16
reflects elevated depressive symptoms (EDS) [24]
(CES-Dtotal) consists of meaningful domains exhibiting an
invariant factor structure between the National Health and
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Nutrition Examination Survey I and pilot HANDLS data
[25]. Thus, our hypotheses were tested using the total score
and domain-specific CES-D scores: (1) Somatic complaints;
(2) Depressive affect; (3) Positive affect and (4) Inter-
personal problems [25].

Measures of systemic inflammation and composite
score

Blood obtained during the MRV baseline visit was sent
directly to the lab (Quest Diagnostics, Chantilly, VA) and
processed on the same day or overnight. The sample was
not frozen. The variance in the timing was relatively small
since a courier retrieved the samples from our field site and
had them delivered to the Quest Diagnostics laboratory
facility directly, using the same schedule each day. As
stated earlier, several blood biomarkers tend to increase
during an inflammation while others tend to decrease [8].
While serum hsCRP and serum fibrinogen tend to increase,
serum albumin and transferrin saturation tend to decrease
with inflammation [8]. Proxies for serum fibrinogen and
transferrin saturation are ESR and serum iron, respectively.
Using NHANES III data, the high correlation between
serum iron and serum transferrin saturation was verified
(r= 0.92, P < 0.001) in a comparable sample (age range:
30–65 y). Similarly, previous studies show that ESR is
highly correlated with serum fibrinogen [7]. Examining
them individually, each marker was used as a continuous
untransformed variable in the main analysis. By running
principal components analysis, data on the 4 individual
measures of inflammation (hsCRP, ESR, albumin and iron)
were reduced into a single standardized measure explaining
> 40% of the total variance, which we labelled “z-inflam-
mation composite score” (ICS). Alternative PCA analyses,
which included white blood cell counts, serum ferritin and
transferrin saturation among others confirmed that this ICS
was the most reflective of systemic inflammation and
explained the largest proportion of the total variance in a
single component. Using the comparable NHANES III
data (Age range: 30–65 y), a similar PCA analysis sub-
stituting serum ESR with serum fibrinogen replicated
component loading magnitudes and percentage of variance
explained. This ICS component score was also constructed
previously [26].

Using refrigerated whole blood (5 ml) stored in EDTA
buffer, ESR was tested within 24 h of blood draw using
automated modified Westergren photochemical capillary
stopped flow kinetic analysis. Based on the Mayo clinic
reports, ESR’s reference range is 0–22 mm/hr for men and
0–29 mm/hr for women (https://www.mayoclinic.org/tests-
procedures/sed-rate/about/pac-20384797). Similarly, hsCRP
was analyzed with an immunoturbidimeter (Siemens/Behring
Nephelometer II), utilizing 0.5–1ml of plasma. A range of

1–3mg/dL suggests average and 3–10mg/dL high cardio-
vascular risk while hsCRP > 10mg/dL reflects putative
infection or chronic inflammation. Moreover, after collecting
0.5–1ml sample of plasma prepared with heparin and refri-
gerated for < 30 days, albumin was measured using spectro-
photometry (expected reference range: 3.6–5.1 g/dL). Finally,
0.5–1ml of fasting serum was collected for iron determina-
tion, which was transported at room temperature (with
heparin added), followed by refrigeration or freezing. Serum
iron was determined with spectrophotometry, and reference
ranges are age and sex-specific, [Men aged ≥ 30 y: 50–180 µg/
dL; Women aged 20–49 y (40–190 µg /dL) and women aged
50+ y (45–160 µg/dL)].

Cytokines

All available cytokines were used in our present study.
Blood sample aliquots were frozen at −80 °C and stored for
later use. Interleukin (IL) cytokines were assayed in one
batch by Aushon (https://www.aushon.com/) Ciraplex®
ULTRA Ultrasensitive Assays in femtogram/ml (fg/ml)
detection levels. The serum samples were collected from
HANDLS participants for studies of DNA repair and age-
related microRNA changes [27, 28]. Cytokines selected for
this study included IL-1β, IL-6, IL-10, IL-12, and IL-18 (in
pg/ml), as they were previously linked with depressive
symptoms [1, 2, 5].

Covariates

Sociodemographic, lifestyle, and health-related potential
confounders

All models were adjusted for sociodemographic factors,
namely age, sex, race (White vs. AA), educational attain-
ment categories (0 ≤High School (HS); 1=HS and 2 ≥HS)
and poverty status (below vs. above 125% the federal
poverty line). Poverty status was categorized as such by
using the US Census Bureau poverty thresholds for 2004
[29] relying on income, and total family size including
children under age 18 years. Moreover, all models with the
exception of those with cytokines were further adjusted for
measured body mass index (kg/m2), current use of drugs
(“opiates, marijuana or cocaine”= 1 vs. not= 0), and cur-
rent smoking status (0: “never or former smoker” vs. 1
“current smoker”) without examining exposure-covariate
associations. Those models were also adjusted for first-visit
self-reported history of type 2 diabetes, hypertension, dys-
lipidemia, cardiovascular disease (stroke, congestive heart
failure, non-fatal myocardial infarction or atrial fibrillation),
inflammatory disease (multiple sclerosis, systemic lupus,
gout, rheumatoid arthritis, psoriasis, thyroid disorder
and Crohn’s disease) and use of NSAIDs (prescription and
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over-the-counter) over the past two weeks, as was done in
previous studies [30, 31]. In models with cytokines, only
sociodemographic covariates (age, sex, race, poverty status,
education, employment status) and those that were deemed
associated with the cytokines in a separate bivariate linear
regression model were included.

Dietary potential confounders

Potential dietary confounders were considered in all mod-
els, being previously linked to reduced risk for depression,
namely vitamins B-6, folate and B-12, total carotenoids (α-
carotene, β-carotene, β-cryptoxanthin, lutein+ zeaxanthin,
lycopene), vitamin C and α-tocopherol [32–40] (expressed
per 1,000 kcal) and the ratio of n−3 polyunsaturated fatty
acids (PUFA):n-6 PUFA [41]. To emulate a multivariable
nutrient density model, energy intake was entered as a
covariate [42]. A measure of overall dietary quality, the
Healthy Eating Index (HEI-2010) total score, (http://a
ppliedresearch.cancer.gov/tools/hei/tools.html and http://ha
ndls.nih.gov/06Coll-dataDoc.htm) was also considered.
Those covariates were included only with cytokines if they
were associated with those exposures (OSM 1).

Statistical analysis

All analyses were conducted using Stata 15.0 (StataCorp,
College Station, TX) [43]. Baseline characteristics, includ-
ing covariates and exposures, were compared across sex,
race and by EDS status (CES-D score ≥ 16 vs. < 16, based
on mean score across waves), using t-tests and ANOVA for
continuous variables and χ2 tests for categorical variables.
Second, several linear mixed-effects regression models on
continuous CES-D total or on domain-specific score(s) were
conducted to test associations with systemic markers of
inflammation, including the ICS and cytokines, controlling
for potential confounders. The time metric used was TIME
elapsed since baseline visit (i.e. visit 1) in years. Visit 1
TIME was set at zero while Visit 2 TIME was set at the
number of years elapsed, using age difference between
visits 1 and 2. Cross-sectional relationships between base-
line inflammation and baseline depressive symptoms were
estimated using the main fixed effects of each inflammatory
marker on the outcome of interest (γ01a for π0i). Long-
itudinal relationships between baseline inflammation and
annual rate of change in depressive symptoms (Δ) was
estimated using the interaction fixed effects between TIME
and each of those inflammatory markers (γ11a for π1i). The
methodology used is outline in OSM 2 [44–46]. Sex- and
race-specific associations were tested by adding interaction
terms to the multivariable mixed-effects regression models
and stratifying by sex and race, separately. Third, a series of
parametric survival models, assuming a Weibull baseline

hazard function form, examined the association between
baseline ICS and incident EDS, stratifying by sex and race
[47]. Hazard ratios with 95% CIs were estimated for each
SD increase in ICS in relation to instantaneous adjusted
hazard of incident EDS, defined as a transition into a total
CES-D score from < 16 to ≥ 16 or higher over time. Cox
proportional hazards models were also carried out as a
sensitivity analysis [47].

Non-random selection of participants from the initial
probability HANDLS sample (n= 3,720) may cause bias
due to systematic differentials in basic characteristics such
as age, sex, race and socio-economic status between the
final analytic sample and the excluded sample. A 2-stage
Heckman process accounted for selection bias in all final
models. At the first stage, a probit model with a binary
outcome variable coded as selected= 1 vs. unselected= 0
was conducted from which an inverse mills ratio (derived
from the predicted probability of being selected, conditional
on the covariates baseline age, sex, race, poverty status and
education) was estimated. At a second stage, this inverse
mills ratio was entered into each mixed-effects regression
model as a covariate, as was done in prior studies [48]. Two
inverse mills ratio were computed, one for the ICS sub-
sample and one for the cytokine sub-sample.

A type I error of 0.05 was used, with 0.05 < p-values <
0.10 judged as borderline significant for main effects, while
p-value < 0.10 was considered significant for interaction
terms [49] before family-wise Bonferroni correction for
multiple testing [50], assuming CES-Dtotal and sub-domain
scores are distinctive outcomes, while the 10 exposures that
are conceptually related. This approach was adopted in
several previous studies [46, 51]. Accounting for 10 expo-
sures, type I error was reduced to 0.05/10= 0.005 for main
effects and 0.10/10= 0.010 for interaction terms for the
mixed-effects regression models, with no adjustment done
when ICS was tested in the parametric survival models.

Results

Table 1 displays study sample characteristics across sex,
race and EDS status. Notably, mean CES-D was higher
among women, as were means of hsCRP and ESR. The
reverse was found for serum albumin and iron leading to a
higher ICS among women. Similarly, AA and EDS+ par-
ticipants had higher mean ICS compared with Whites and
EDS− individuals, respectively. Within the smaller sub-
sample having cytokine data, a higher mean IL-6 was
detected among EDS+ compared to EDS− individuals. Sex
differences in EDS status was also noted, whereby 46.7% of
EDS− were men (vs. 36.0% of EDS+), suggesting a higher
prevalence among women. Educational attainment beyond
high school was more prevalent among Whites and EDS−
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individuals, compared with AA and EDS+ participants. A
greater prevalence of employment and “above poverty”
status was also observed among men, Whites and EDS−

individuals. Men were more likely current smokers and
drug users, as were EDS+ individuals compared to women
and EDS− counterparts, respectively. Illicit drug use was
also more prevalent among AA compared to Whites. Mean
BMI and prevalence of hypertension and inflammatory
conditions were higher among women, while among AA,
hypertension and cardiovascular disease were more pre-
valent compared with Whites, with a reverse pattern by race
observed for dyslipidemia. Similarly, EDS+ individuals had
a higher prevalence of type 2 diabetes, hypertension, car-
diovascular disease and inflammatory conditions. While
HEI-2010 indicated better overall dietary quality in women
and EDS− individuals, other micronutrients exhibited dif-
ferent patterns across sex, race and EDS status. Most
notably, total carotenoids, vitamins E, B-6 and folate (per
1,000 kcal) were higher among EDS− individuals compared
to the EDS+ groups. Folate intake per 1,000 kcal was also
higher among Whites but the reverse pattern by race was
true for vitamin B-12 and C intakes per 1000 kcal.

Using mixed-effects linear regression models (OSM 2),
we examined the associations of systemic inflammatory
markers and cytokines with baseline and longitudinal
annual rate of change in depressive symptoms (Δ), while
stratifying our analyses by sex and race, separately. Table 2
focuses on the total CES-D score and Table 3 shows results
for each of the 4 CES-D component scores. After correction
for multiple testing, and among Whites only, hsCRP, ICS
and IL-1β were all associated with a faster ΔCES-Dtotal,
with significant racial differences. The result for ICS among
Whites is illustrated as predictive margins of CES-Dtotal

across 1 SD changes in ICS in Fig. 1. This Figure shows
clearly that the rate of change in CES-Dtotal over time is
increased with each higher level of ICS among Whites. In
contrast, IL-12 was directly associated with a faster ΔCES-
Dtotal though only among men and AA, with significant sex
and race differentials (Table 2). The race-specific associa-
tions of hsCRP, ICS, IL-1β and the sex-specific association
of IL-12 with ΔCES-D trajectory were consistently detected
for the “depressed affect” domain (component 2) (Table 3).
For component 1 of CES-D, and among men only, lower
serum albumin and higher ICS were both associated with a
higher score suggesting greater “somatic complaints” at
baseline. The third component of the CES-D (“positive
affect”) was longitudinally associated with IL-10 among
AA and IL-12 among men, suggesting that those cytokines
were specifically linked to reducing positive affect over
time in those population groups. Finally, the fourth com-
ponent of the CES-D (“interpersonal problems”) was cross-
sectionally associated with IL-6 among AA and IL-10
among Whites.

Table 4 shows results of the association between ICS and
incident EDS, across sex and race groups. Out of
1,259 subjects who were EDS-free at baseline in HANDLS,
305 incidence EDS cases were observed over a median
follow-up period of 4.71 y. In the final analytic sample,
EDS-free subjects were N= 796 of whom 185 became
incident EDS cases. Parametric survival models with Wei-
bull hazard function distribution revealed that a unit (i.e.,
1 SD) increase in the ICS was associated with a 28% higher
risk of incident EDS (HR= 1.28, 95% CI:1.04-1.56, P=
0.017) among AA only. A similar estimate was obtained
from Cox PH models, while no other sex/race strata showed
a significant link between ICS and incident EDS.

Discussion

This study tested the association between systemic inflam-
mation and depressive symptoms in a prospective bi-racial
cohort of urban adults. Findings suggest that serum con-
centrations of high-sensitivity C-reactive protein (hsCRP),
z-inflammation composite score [ICS, combining elevated
hsCRP and ESR with low serum albumin and iron], and
serum interleukin IL- 1β were positively associated with
ΔCES-Dtotal (Δ: annual rate of increase) among Whites
only. IL-12 was directly related to ΔCES-Dtotal among
men and AA. The race-specific associations of hsCRP, ICS,
IL-1β and the sex-specific association of IL-12 with ΔCES-
Dtotal were replicated for the “depressed affect” domain.
Among men, lower serum albumin and higher ICS were
linked with higher baseline “somatic complaints”. IL-10
among AA and IL-12 among men were inversely related to
Δ“positive affect”, while “interpersonal problems” were
cross-sectionally associated with IL-6 among AA and IL-10
among Whites. Finally, baseline ICS was positively asso-
ciated with incident “elevated depressive symptoms” (EDS:
CES-Dtotal ≥ 16) among AA (HR= 1.28, 95% CI: 1.04-
1.56, P= 0.017).

Large epidemiologic studies published between 2004
and 2018, have found inconsistent results pertaining to
associations between CRP and depression. In a longitudinal
study among 5,810 participants from the Great Smoky
Mountains Study, Copland et al. provided evidence for
depression as a predictor of later CRP levels, but not CRP
as a predictor of later depression [52]. In a cross-sectional
study of 512 Morehouse and Emory Team up to Eliminate
Health Disparities participants, Morris et al. found an
association between CRP and the Beck Depression Inven-
tory in White women only and this association was medi-
ated partly by waist circumference [13]. Analyses of data
from the Pittsburgh Healthy Heart Project (N= 263) found
a weak bidirectional relationship between CRP and Beck
Depression Inventory-II [11]. Furthermore, based on the
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ATTICA cross-sectional study involving 853 individuals, a
positive correlation was observed between the Zung Self-
Rating Depression Scale and CRP [3]. Using data on 1,167
male subjects from the Men Androgen Inflammation Life-
style Environment and Stress (MAILES) Study (Australia,
Asia, Europe), Tully et al. found hsCRP was associated
with depression (BDI-I) and increased depressive symptoms
(CES-D) in men without abdominal obesity nor metabolic
risk [16]. Duivis et al. examined the longitudinal relation-
ship between hsCRP and depressive symptoms among 667
participants from the Heart and Soul Study and found no bi-
directional relationship between inflammation and depres-
sion [12]. In the longitudinal Geelong Osteoporosis Study
(Australia), Pasco et al. found a direct association between
hsCRP and diagnosis of MDD [53]. Other inflammatory

markers besides CRP and hsCRP were also examined in
relation to depression. 53 In a cross-sectional study, al-
Hakeim et al. found significant increases in pro-inflamatory
cytokines IL-6, IL-18, TNFα, and sIL-2R in patients diag-
nosed with MDD compared with the control group [15].
Finally, using data on 5978 subjects the Whitehall II study
of British civil servants, Gimeno et al. found that baseline
CRP and IL-6 were associated with cognitive symptoms of
depression (General Health Questionnaire) at follow-up
[30]. Thus, given the paucity of longitudinal studies that
examined trajectories of depressive symptoms in relation to
inflammatory markers and cytokines, our study adds to the
body of evidence showing that in fact baseline inflammation
can trigger worsening of depressive symptoms over time.

Cytokines can influence depression by dysregulating
neurotransmitter synaptic availability of monoamines such
as serotonin, noradrenaline and dopamine, as well as the
metabolism of various amino acids such as tyrosine, tryp-
tophan, phenylalanine and glutamate [54]. For instance, IL-
1β and TNF-α can induce p38 mitogen-activated protein
kinase (MAPK), which in turn can increase expression and
function of serotonin reuptake pumps, leading to decreased
serotonin synaptic availability leading ultimately to
depressive-like behavior in laboratory animals [55]. By
generating reactive oxygen or nitrogen species, proin-
flammatory cytokines can also decrease the availability of
tetrahydrobiopterin (BH4), a key enzyme co-factor in
monoamine synthesis [56]. In fact, BH4 CSF concentrations
were inversely related to IL-6 CSF concentrations among
patients treated with the IFN-α inflammatory cytokine [57].
Moreover, activation of indoleamine 2,3 dioxygenase (IDO)
enzyme may be involved in cytokine-induced

15
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Fig. 1 Predictive margins of CES-D total score by ICS among
Whites from multiple linear mixed-effects regression model,
HANDLS 2004–2013

Table 4 Parametric survival
model, with Weibull hazard
distribution, for incident EDS vs.
baseline ICS, HANDLS 2004–
2013

Nb nb Tb Hazard Ratio (95% CI) P

ICS

All 796 185 3,621 1.15 (0.99–1.34) 0.068

Men 348 66 1,605 1.11 (0.86–1.43) 0.44

Women 448 119 2,017 1.20 (0.98–1.47) 0.073

Whites 330 83 1,450 1.10 (0.86–1.41) 0.45

African-Americans 466 102 2,171 1.28 (1.04–1.56) 0.017

CES-D Center for Epidemiologic Studies-Depression scale, HANDLS healthy aging in neighborhoods of
diversity across the lifespan, HS high school, ICS inflammation composite Score, n3 omega-3, n6 omega-6,
PUFA polyunsaturated fatty acids, SEE standard error of the estimate
aModels were further adjusted for other covariates. Covariates considered as potential confounders included:
baseline age was centered at 50 y, sex, race, PIR, education, employment status, total energy intake centered
at 2000kcal/d, total carotenoid intake at 3 mg/1,000 kcal/d, vitamin C intake at 30 mg/1,000 kcal/d, vitamin
A intake at 300 RE/1,000 kcal/d, vitamin E at 3 mg/1,000 kcal/d, vitamin B-6 at 0.8 mg/1,000 kcal/d, vitamin
B-12 at 3 μg/1,000 kcal/d, folate at 170 μg/1,000 kcal/d, n-3 PUFA:n-6 PUFA at 0.11. Healthy Eating Index-
2010 was centered at 42, body mass index at 30, co-morbid conditions (diabetes, hypertension, dyslipidemia,
CVD, inflammatory conditions) and use of NSAIDs. Models stratified by sex or race excluded those
covariates
bN= number of subjects, n= number of failures, T= time at risk (Person-years)
Bold values are for P < 0.05. Bold and italic values are for P < 0.10

Systemic inflammation is associated with depressive symptoms differentially by sex and race: a. . . 1297



neurotransmitter alterations, partly through diverting tryp-
tophan metabolism (a precursor of serotonin) into kynur-
enine, which converts to quinolinic acid, a neurotoxin
produced by the activated microglia, monocytes and mac-
rophages infiltrating the brain [58, 59]. High concentrations
of quinolinic acid were found in microglia of the anterior
cingulate gyrus (ACC) among suicide victims who suffered
from depression [60]. Quinolinic acid directly activates the
N-methyl-d-aspartate (NMDA) receptors while also stimu-
lating glutamate release by blocking glutamate synaptic
reuptake in astrocytes [61, 62]. Glutamate’s binding to
extrasynaptic NMDA receptors can increase excitotoxicity
while reducing brain-derived neurotrophic factor (BDNF)
production [63]. BDNF is key to an antidepressant response
partly through fostering of neurogenesis. In stress-induced
animal models of depression, BDNF was shown to be
markedly reduced by IL-1β and TNF-α and their down-
stream signaling pathways including NF-κB [64, 65].
Increased basal ganglia and dorsal ACC glutamate levels
have been described in patients receiving IFN-α, while
higher glutamate concentrations were associated with ele-
vated depressive symptoms [66]. Recently, hsCRP > 3 mg/L
was associated with increased basal ganglia glutamate (vs. a
hsCRP <
1 mg/L) that correlated with anhedonia and poor psycho-
motor speed among depressed patients [67].

The study has several notable strengths. First, its
longitudinal design improves the ability to ascertain
temporal relationships between the exposure of systemic
inflammation and the outcome of depressive symptoms.
Second, the large final analytic sample size allowed for
further stratification by key sociodemographic factors,
namely sex and race without significant decline in statis-
tical power. Third, the intercept and slopes in the mixed-
effects regression models were adjusted for numerous
potentially confounding covariates. Nevertheless, several
limitations should also be noted, such as potential non-
participation selection bias, the effect of which was
minimized by the use of a 2-stage Heckman selection
model. Furthermore, while inflammatory markers were
direct blood level measures, our outcome of interest was
self-report which could be a source of measurement error.
Given the observational nature of the study, residual
confounding cannot be ruled out. Finally, although no bi-
directional analysis was done, this can potentially be
carried out in a future study.

Conclusion

In sum, several markers of systemic inflammation and
cytokines were shown to be linked to depressive symptoms’
trajectory over time, differentially across sex and race

groups, with each exposure being predictive of baseline and
rates of change of specific depressive symptom domains.
While a composite score of inflammation (ICS) was found
to be linked with a faster trajectory of CES-D scores and
domains for the most part among Whites, ICS was also
directly related to incident EDS among AA. Given those
inconsistent race-specific findings between annual rates of
change vs. incident binary outcomes, additional longitudinal
studies in similar large and diverse samples are needed.
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