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Abstract

Author Manuscript

Very little research has assessed how measures of negative and positive affect (NA and PA) derived
from assessments at multiple time points per day (e.g., via ecological momentary assessment
[EMA]), as opposed to questionnaires that rely on recall over a longer period, are related to levels
of peripheral inflammation. We examined how different indicators of NA and PA predicted
concentrations of C-reactive protein (CRP) and seven peripheral inflammatory cytokines (IL-1β,
IL-6, TNF-α, IL-8, IL-4, IL-10, and IFN-γ) that were examined in the form of an inflammatory
composite. A community-based sample of 220 adults (62% Black/African-American and 25%
Hispanic/Latino; aged 25–65; 65% female) completed questionnaires at baseline (including
recalled affect “over the past month”) and then provided EMA reports 5x/day for 14 days. Blood
was drawn from each participant after completion of EMA and used to determine plasma levels of
CRP and cytokines. Analyses examined if indicators of affect predicted inflammation, controlling
for age, gender, body mass index, education, health conditions, and statin use. Neither recalled NA
or PA nor momentary NA or PA (aggregated across the 14 days of EMA) were significantly
associated with the cytokine composite or CRP. Negative mood more proximal to the blood draw
(i.e., aggregated momentary NA in week 2 of EMA) was associated with the cytokine composite
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but not CRP. Exploratory moderation analyses revealed that the cytokine composite was also
associated with PA in week 2 for men only, and with recalled NA for those with lower education.
Exploratory analyses around temporal dynamics suggested that the timing of NA measurement
relative to the blood draw mattered: Specifically, there were stronger trends of association between
momentary NA and inflammatory cytokines when NA was assessed closer in time to blood
collection. Future investigation of the relevance of temporal proximity and other measurement
details may improve understanding of how affect relates to inflammation.
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Introduction
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Although it is well established that peripheral inflammation is related to individual
differences in constructs that involve affect, such as depression and hostility (Grahamet al.,
2006; Hackett, Lazzarino, Carvalho, Hamer, & Steptoe, 2015; Irwin, 2001; Marsland,
Prather, Petersen, Cohen, & Manuck, 2008; Miller & Raison, 2016; Miller, Freedland,
Carney, Stetler, & Banks, 2003; Suarez, Lewis, Krishnan, & Young, 2004), it remains less
clear how inflammation is specifically related to measures of negative and positive affect
(NA and PA). Greater understanding of the relationship between affect and inflammation is
important because it may help identify modifiable pathways by which psychosocial factors
predict chronic inflammation, a risk factor for multiple diseases, frailty, and mortality
(Ferrucciet al., 1999; Pradhan, Manson, Rifai, Buring, & Ridker, 2001; Stoneret al., 2013).
Some recent studies have focused on the association of inflammatory biomarkers with
recalled affect (from standard questionnaire measures where participants retrospectively
report on their affect over the past weeks or month) and at least one study has used
momentary experiences of affect (derived from ecological momentary assessment [EMA]);
findings have been inconsistent or limited in various ways, as reviewed in greater detail
below (e.g., Andreassonet al., 2013; Carrollet al., 2011; Steptoe, O’Donnell, Badrick,
Kumari, & Marmot, 2008; Sturgeonet al., 2016). Many nuances with regard to how affect
and inflammation are related remain unexplored. To our knowledge, no one has examined
the degree to which assessment methods or timing modify the association between affect
and inflammation. The primary goal of the present research was to examine linkages
between NA and PA with biomarkers of inflammation in a diverse sample of adults, using
affect ratings obtained from both standard recall and EMA, and to explore whether the
temporal proximity between measures of momentary affect and inflammation influences
these relationships.
Measurement differences between studies may help explain inconsistencies in the emerging
literature linking affect and inflammation. Recalled measures of affect (e.g., how often in the
last month did you feel sad?) are commonly used and can offer valuable information about
how a person views themselves or their past experience; however, they are susceptible to
memory bias, and ratings on these scales appear to be influenced by personality and self-
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beliefs (Shiffman, Stone, & Hufford, 2008). In contrast, measures of momentary affect (e.g.,
how much do you feel sad right now?) may better capture actual affective experiences in
real-time; although they are still self-reported and can reflect desirability bias, such
measures minimize recall bias (Schwarz, 2007; Smyth & Heron, 2012). A growing body of
evidence indicates that momentary assessments are, in some cases, better predictors of
health and physiological responses (e.g., longevity, cortisol awakening response, blood
pressure) than are recalled measures (Bajajet al., 2016; Cohen, Alper, Doyle, Treanor, &
Turner, 2006; Conner & Barrett, 2012; Daly, 2012; Kamarcket al., 2005; Steptoe, Gibson,
Hamer, & Wardle, 2007; Stoneet al., 1994). For example, momentary measures of
psychosocial stress, including negative affect, were related to cardiovascular measures (e.g.,
ambulatory blood pressure, heart rate) whereas comparable global measures of stress were
not (Kamarck et al., 2005). In another study, both global recalled PA and aggregated
momentary PA predicted lower systolic blood pressure throughout laboratory stress tasks,
yet only aggregated momentary PA was linked to faster post-stress diastolic blood pressure
recovery (Steptoe et al., 2007). Sometimes, however, recalled self-assessments are stronger
predictors of health outcomes, perhaps because they tap into trait-like tendencies or
important beliefs about the self (Kahneman & Riis, 2005; Robinson & Clore, 2002). To our
knowledge, no one has examined associations between inflammation and affect measures
derived from EMA as well as global recall within the same sample of participants.

Author Manuscript

Only one study of which we are aware has examined a linkage between EMA-derived affect
(where individuals were asked how they felt in the moment at multiple time points across the
day) and peripheral inflammation. Among nearly 2,900 midlife and older British adults,
women with higher average momentary PA over the course of a day had lower C-reactive
protein (CRP) and interleukin (IL)-6 (as determined from a blood draw the day before)
compared to women with lower average PA. The associations were independent of
depressive symptoms, but NA was not reported in this study. No such associations were
observed among men (Steptoe et al., 2008).

Author Manuscript

There is relatively more research on the associations of global recalled NA with peripheral
inflammation but this literature has produced mixed findings. In a sample of middle-age
community dwelling adults, recalled NA over the past 7 days was related to higher IL-6 but
not CRP, as determined from plasma obtained the same day as questionnaire assessment
(Sturgeon et al., 2016). Another study found an association between recalled NA over the
past 30 days and greater IL-6 in a sample from the U.S. but not one from Japan (Miyamotoet
al., 2013), using blood samples from an indeterminate period of time from questionnaire
assessment. In a recent analysis from a national study of U.S. adults aged 25–34, there was a
non-significant trend for NA from the past week to be associated with CRP derived from
blood spots obtained immediately following questionnaire assessment (Blevins, Sagui, &
Bennett, 2017). Similarly, among 347 Swedish women aged 45–90, mostly null findings
were reported between recalled NA over the past two weeks and proinflammatory cytokines
(e.g., IL-6, IL-1β) determined from plasma obtained the same day as questionnaire
assessment, with the exception of a correlation between NA and soluble IL-2 receptor
(sIL-2r) (Andreasson et al., 2013).
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The literature linking recalled PA and peripheral inflammation is also varied, with a
predominance of null findings. Recalled PA over the past week has been linked with lower
IL-6 determined from plasma the same day in healthy adults (Sturgeon et al., 2016).
However, recalled PA over the past two weeks was not significantly associated with cytokine
levels (e.g., IL-1β, IL-6) determined from plasma obtained the same day in a sample of
Swedish women (Andreasson et al., 2013). Recalled PA from the past week was not
significantly associated with two inflammatory markers (IL-6, sIL-6r) determined from a
blood sample approximately one month post-questionnaire assessment among a sample of
older women (Friedman, Hayney, Love, Singer, & Ryff, 2007). Further, among adults aged
25–34, recalled PA from the past week was not significantly associated with CRP derived
from blood spots obtained immediately after questionnaire assessment (Blevins et al., 2017).

Author Manuscript

In sum, the literature linking recalled global affect with inflammation is inconsistent with
regard to findings, and the literature linking momentary affect with inflammation is scant
(one study). A number of factors may help explain these inconsistencies, such as diverse
assessment techniques (e.g., blood sampling by blood spot versus blood draw; different
measures of affect), sample characteristics, and the timing between affect and inflammatory
assessment. Further, the bulk of past research related to a connection between affect and
inflammation has utilized a limited number of inflammatory markers (usually one or two
markers in a given study) examined in isolation. To our knowledge the association between
momentary affect and inflammation has not been investigated with a broad panel of markers
that includes both pro-and anti-inflammatory cytokines.

Author Manuscript
Author Manuscript

The first goal of the present research was to examine recalled as well as momentary affect in
relation to peripheral inflammation in middle-aged adults. In the present study, recalled
affect ratings were obtained at baseline, followed by EMAs of affect 5 times per day for 14
days, concluding with a blood draw. For our key inflammatory measures, we examined CRP
as well as a composite measure of inflammatory cytokines that included both pro-and antiinflammatory markers. We hypothesized that both recalled and momentary affect would be
associated with inflammation, with NA measures associated with higher levels and PA
measures associated with lower levels. Given that affect and inflammatory states can
fluctuate in response to numerous factors (e.g., Montpetit, Bergeman, Deboeck, Tiberio, &
Boker, 2010; Steptoe, Hamer, & Chida, 2007), we also reasoned that associations between
momentary affect and inflammation may be more apparent when they are assessed closer in
time. Thus, a second goal was to contrast associations of momentary affect ratings obtained
during the week proximal to the blood draw with the same measures obtained during the
week further from the blood draw, with the expectation that the former would be more
predictive of inflammation. On an exploratory basis, we examined moderation of primary
findings by race, ethnicity, age, education, and gender given past literature linking all of
these important sociodemographic factors with health disparities and with inflammatory
markers specifically (e.g., Darnall & Suarez, 2009; Graham, Christian, & Kiecolt-Glaser,
2006; O’Connoret al., 2009; Ransome, Slopen, Karlsson, & Williams, 2018). In particular,
several studies have observed interactions by gender in the connection between affect and
inflammation (e.g., Sin, Graham-Engeland, Ong, & Almeida, 2015; Steptoe et al., 2008).
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Data came from an ongoing study called the “Effects of Stress on Cognitive Aging,
Physiology, and Emotions” (ESCAPE) Study. ESCAPE employs a longitudinal design with
four waves of data collection, spaced 9–12 months apart (Scottet al., 2015). The current
analysis used data from the first (baseline) wave only, as data collection is still underway.
Participants were recruited from Co-op City, a cooperative housing development designed to
provide affordable housing to residents in the Bronx, NY, and the surrounding area. To be
eligible for the study, participants had to be aged 25–65 years, fluent in English, and not
visually impaired. Of the 240 total participants recruited in the first wave of the ESCAPE
protocol (Scott et al., 2015) who were offered the opportunity of having their blood drawn,
226 provided blood samples at the end of the EMA phase. The 14 participants who dropped
out or did not have their blood drawn (for a variety of reasons, including schedule issues,
illness, or difficulty with the blood draw) did not differ from the final analytic sample on any
demographic characteristic examined in the present research. Three participants were
excluded from analyses because they were taking immunosuppressive drugs (e.g.,
corticosteroids); an additional 3 participants were missing body mass index (BMI). The final
analytic sample of 220 was 64% female with a mean age of 46.21 (SD = 11.12). Additional
participant characteristics are described below.
2.2.

Procedures

Author Manuscript

The EMA data collection period started with an in-person visit during which a research
technician instructed participants on how to use a customized smartphone for the EMA
assessments. A 2-day practice phase followed, during which participants who were unable to
achieve at least 80% completion of the EMA assessments were excluded from further
participation (for details, see Scott et al., 2015). Following this practice phase, participants
completed 14 consecutive days of EMA when prompted by phone “beeps” 5 times per day,
which were distributed in stratified intervals that covered the waking day of participants with
the constraint that that “beeps” could not occur within 30min of each other. As soon as
possible after this EMA data collection period (median = 3 days later; mode = 1, SD = 4.6,
range = 1–21 days later), participants were asked to visit the Einstein Medical Center to
return the smartphone and provide a blood sample. Although the majority (>86%) did so
within a week, some were delayed due to factors such as travel, family commitments, acute
illness, and other schedule-related issues. Our primary analyses described below were also
run separately after excluding individuals who returned to the medical center more than one
week after the end of their last EMA assessment; results did not differ meaningfully with
these individuals removed.

Author Manuscript

2.3.

Measures
2.3.1. Inflammatory biomarkers.—The blood draw was performed by a certified
phlebotomist and took place between 7:00am and 11:00am, following 12 hours of fasting.
Participants sat for 20min prior to the blood draw. The blood samples used in the present
research were collected in sodium heparin coated tubes for cytokine analysis and EDTA
coated tubes for CRP analysis. Heparin samples were maintained at room temperature and
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EDTA samples were kept on ice prior to centrifugation (3000g x 15 min). The supernatant
was stored at −80°C; every six months aliquots were shipped overnight on dry ice to the
Stress and Immunity Laboratory at Penn State University for analysis.

Author Manuscript

High sensitivity CRP was determined from blood plasma using ELISA (Cayman Chemical,
Ann Arbor MI), and a set of inflammatory cytokines was determined from blood plasma
using multiplex bead arrays (Thermo Fisher Scientific, Waltham, MA). For CRP, the
minimum detection limit was 46.9 pg/mL, the intra-assay coefficients of variation (CVs)
ranged from 1.9–7.0%, and the inter-assay CV was 9.84%. For cytokines, the minimum
detection limit ranged from 0.02–2.77 pg/mL, and the inter-assay CVs ranged from 7.0–
9.8%. All assays were performed in duplicate. For the current analyses, we selected specific
inflammatory biomarkers a priori that have been linked to stress, NA, and/or PA in past
research: CRP as a broad marker of systemic inflammation; the classic proinflammatory
cytokines IL-1β, IL-6, TNF-α; the anti-inflammatory cytokines IL-4, IL-10; a chemokine
for neutrophils, IL-8; and interferon-γ (IFN-γ), which plays an important role during
infection in innate immunity by activating macrophages. The process by which these
cytokines were aggregated is described below.

Author Manuscript

2.3.2. Recalled affect.—Recalled PA and NA were assessed at baseline with an
adjective checklist scale that included select items from the Positive and Negative Affect
Schedule (PANAS; Watson et al., 1988) as well as other items. Participants were asked how
often they felt each emotion listed over the past month on a scale from 1 (not at all) to 7
(extremely). PA was assessed with 10 items: happy, alert, enthusiastic, excited, cheerful,
relaxed, content, peaceful, calm, and satisfied. NA was assessed with 10 items: irritable, sad,
tense, bored, stressed, depressed, nervous, sluggish, upset, and disappointed. NA and PA
subscales had excellent internal consistency reliability (Cronbach’s alpha = .90 and .94,
respectively).

Author Manuscript

2.3.3. Momentary affect.—During the EMA data collection phase, when prompted by
the smartphones, participants rated the extent to which they currently felt four PA items
(happy, pleased, enjoyment/fun, joyful) and five NA items (tense/anxious, angry/hostile,
depressed/blue, frustrated, unhappy). Ratings were made on a continuous sliding scale from
“not at all” to “extremely” (this equated to a scale from 0–100; numeric ratings were not
visible to participants). Internal consistency was calculated according to procedures
described by Cranford and colleagues (2006). PA and NA demonstrated good internal
consistency reliability (internal consistency = 0.93 for PA and 0.93 for NA). Items were
averaged within each subscale to obtain momentary ratings of positive and negative affect;
momentary affect scores were then aggregated across all EMAs (up to 70 momentary
assessments; i.e., 5x/day for 14 days). For analyses comparing momentary affect by week,
momentary affect was averaged separately for days 1–7 of the EMA protocol (i.e., Week 1,
which occurred further in time from the blood draw) and for days 8–14 (i.e., Week 2, which
was closer in time to the blood draw). The reliabilities of the momentary affect measures
were similar across weeks 1 and 2 (internal consistency of .87 for PA and NA in Week 1 and
Week 2).
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To better determine the unique associations of NA and PA with inflammation, we controlled
for gender, age, and BMI because all are commonly related to inflammation (for review see
O’Connor et al., 2009). We also controlled for the number of chronic conditions reported
(from a list of 26 conditions, e.g., high blood pressure, kidney problems) and for statin use.
As noted earlier, the few ESCAPE participants taking anti-inflammatory medications such
as prednisone were not included in the present analyses. For a measure of socioeconomic
status, we controlled for education instead of income because ~10% of participants did not
provide income data. Further, education was strongly associated with income [X2(1, 212) =
15.11, p< .0001] and, unlike income, was associated with both inflammatory variables in the
present research (details in section 3.1). Finally, we considered the sociodemographic and
behavioral factors of marital status, race, ethnicity, and tobacco use as additional potential
covariates on the basis of whether they were associated with inflammatory markers; based
on these analyses (details in section 3.1), none of these variables were included as additional
covariates.
2.5.

Statistical analyses

Author Manuscript

Statistical analyses were performed with SAS 9.4 (SAS Institute, Cary, NC). Inflammatory
biomarkers were log-10 transformed prior to analyses to correct for non-normal distribution;
for all biomarkers, a log (x+1) formula was applied because many values were less than one
(Tabachnick & Fidell, 2001). To utilize data from the maximum number of participants
while minimizing the influence of outliers on all analyses, outliers greater than 3 SD above
the mean were winsorized to 3 SD for each cytokine (i.e., replaced with the appropriate
value based on the distribution) based on precedent (Out, Hall, Granger, Page, & Woods,
2012) and statistical recommendations (Tabachnick & Fidell, 2001); there were no outliers
greater than 3 SD above the mean for CRP.

Author Manuscript

We examined whether the seven cytokines of interest (IL-1β, IL-4, IL-6, IL-8, IL-10, TNFα, and IFN-γ) and CRP could be grouped into a composite to represent overall
inflammatory load. All cytokines were positively associated with one another (r’s ranging
from 0.41 to 0.89). Principal components analysis with varimax rotation showed that all of
the cytokines formed a single factor (factor loadings for the individual cytokines ranged
from 0.74 to 0.92), with CRP most appropriately considered a separate factor; details of this
factor analysis are shown in supplemental Table S1. Consistent with previous research
(Dornet al., 2016; Pripp & Stanisic, 2014), anti-inflammatory cytokines were positively
correlated with proinflammatory cytokines when examined in cross-section; these cytokines
often correlate because anti-inflammatory cytokines rise to buffer (or limit) inflammation.
To form a composite inflammation score, we first z-scored the seven log-transformed
cytokines (to standardize the distribution of scores across these cytokines) and then averaged
them. Separate linear regression models were run to determine the associations of recalled
and momentary affect with the cytokine composite and CRP. We focused on the cytokine
composite to minimize Type 1 error due to multiple comparisons. However, because
individual cytokines may be of particular interest to readers, results of regression analyses to
predict individual cytokines are presented in supplemental tables (Tables S2–3). Continuous
predictors and covariates were standardized (z-scored) so that results can be interpreted as

Brain Behav Immun. Author manuscript; available in PMC 2019 November 01.

Graham-Engeland et al.

Page 8

Author Manuscript

standardized betas, whereas betas for dummy coded covariates can be interpreted as
differences between groups.
For moderation analyses, we used multiple regression to examine whether key demographic
variables (age, gender, race, ethnicity, and education) moderated our primary analysis
linking affect (both recalled and momentary) with the cytokine composite and CRP (across
weeks and by Week 1 and Week 2). Moderation by age was examined using age as a
continuous variable; all other moderators were dummy coded variables. Moderation analyses
by race combined those identifying as either non-Hispanic/Black or Hispanic/Black and
compared them to those identifying with all other racial groups. Analyses by ethnicity
compared Hispanic participants (identifying with either White or Black race) with nonHispanic participants. Any significant interaction term (p < .05) was further tested with
simple slopes analyses to determine the directions of the observed associations.

Author Manuscript

3.
3.1.

Results
Participant characteristics and preliminary findings

Author Manuscript

Detailed participant characteristics are shown in Table 1. The analytic sample was racially
and ethnically diverse (62% Black/African American, 25% Hispanic/Latino) as well as
socioeconomically diverse (median household income of $40–50,000 with 45% having
completed college education or higher). Median BMI was 30.78 (mean = 32.01, SD = 8.31),
indicating that the average participant was obese. Health status was also diverse, as indicated
by number of chronic conditions and a wide range of CRP levels with a relatively high
average CRP (mean = 6.17 mg/L, SD =9.40); 67 participants had CRP levels greater than
3mg/L, a level considered to confer some risk of cardiovascular disease (Conen & Ridker,
2007).
Higher education (college degree) was significantly associated with lower levels of the
cytokine composite and CRP (see Table 2); for this reason, education was included as a
covariate and as an important indicator of socioeconomic status as described earlier. Race,
ethnicity, marital status, and tobacco use were not significantly associated with any
inflammatory marker and thus were not included in the models. The final set of covariates in
key analyses was thus age, gender, BMI, education, health conditions, and statin use.
Associations between participant characteristics and inflammation variables are shown in
Table 2.

Author Manuscript

The number of total “beeps” with EMA data was a mean of 55.5 (SD = 13.8; median = 60;
mode = 68) out of a total of 70 (for an overall compliance rate of ~80%, similar to other
EMA studies using similar sampling densities and durations). The number of days with at
least one EMA report provided was a mean of 13.23 days (SD = 1.60; median = 14, mode =
14) out of a total of 14 (~95% days with at least some EMA data); Week 2 compliance was
slightly lower than Week 1 but still high (e.g., 97% of days with EMAs in Week 1 versus
94% in Week 2).
Average levels of recalled NA and PA, aggregated momentary NA and PA, and their
bivariate associations are shown in Table 3. As expected, recalled NA and PA were
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negatively correlated, as were measures of momentary NA and PA. Recalled and average
momentary affect were only moderately correlated (r = 0.33 for NA and r = 0.53 for PA).
3.2.

Recalled affect and two-week aggregated momentary affect with inflammation
We first examined the degree to which recalled affect and aggregated momentary affect were
associated with the cytokine composite and CRP; our expectation was that both recalled and
momentary affect would relate to inflammatory biomarkers. Table 4 shows the results of
regression analyses, which controlled for age, gender, BMI, education, health conditions,
and statin use. Neither recalled NA or PA, nor momentary NA or PA (aggregated across the
full 14 days) were significantly associated with the composite inflammatory cytokine
measure or CRP (see Table S2 for associations with individual cytokines, which were mostly
non-significant).

Author Manuscript

3.3.

Momentary affect by week with inflammation

Author Manuscript

Next, we examined the degree to which momentary affect in week 1 and week 2 separately
were associated with the cytokine composite and CRP, using the same set of covariates. We
expected that week 2 momentary affect – which was measured closer in time to the blood
draw – would be more strongly associated with inflammatory markers than week 1
momentary affect. As shown in Table 5, greater week 2 momentary NA was associated with
higher levels of the cytokine composite but not CRP (see Table S3 for associations with
individual cytokines). Week 2 momentary PA was not significantly associated with the
cytokine composite or CRP. In week 1, there were no significant associations between
momentary NA or PA with either the cytokine composite or with CRP. On an exploratory
basis, to probe the robustness of the association between Week 2 NA and the cytokine
composite we added recalled NA as a covariate; average momentary NA in Week 2
remained a significant predictor.
3.4.

Temporal dynamics in the association between momentary affect and inflammation

Author Manuscript

On an exploratory basis, to further examine the role of temporal proximity, individual
regression analyses were performed between momentary NA and the cytokine composite,
with the same set of covariates as in the earlier analyses. Because the majority of
participants completed the blood draw within 3 days from the end of the EMA period, the
majority of EMA occasions occurred within 16 days of the blood draw. The forest plot in
Figure 1 depicts associations based on number of days between NA assessment and the
blood draw; because there was a drop off in number of occasions where the lag in days was
greater than 16, these analyses focused on days that occurred within 1–16 days of the blood
draw. Standardized beta estimates were typically higher when NA and biomarker assessment
were closer together; for example, marginally significant associations were evident when the
lag in days was between 1–4 days. A similar exploratory analysis was conducted using
momentary PA; no similar trends by lag in days with momentary PA were observed.
3.5.

Exploratory moderation analyses
We examined potential moderation by age, gender, race, ethnicity, and education. There was
no significant moderation of any tested association between affect and inflammation by age.
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There was one significant moderation effect by gender. Gender moderated the association
between momentary Week 2 PA and the cytokine composite (b = −0.20, p < .05);
specifically, simple slopes analyses were not significant for women but, among men, lower
Week 2 PA was associated with higher levels of the cytokine composite (b = 0.19, p < .05).
There was also one moderation effect by Black race on the association between momentary
Week 1 NA and CRP (b = −0.10, p < .05). However, simple slopes analyses were not
significant for Black or non-Black participants: There was a marginally significant positive
association between greater Week 1 NA and CRP among non-Black participants, b = 0.07, p
= .08). There was no significant moderation by ethnicity. Finally, there was one significant
moderation effect by education on the association between recalled NA and the cytokine
composite (b = −0.17, p < .05): simple slopes were not significant for college graduates but,
among those with less education, higher recalled NA was associated with higher levels of
the cytokine composite (b = 0.16, p < .05).
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4.

Discussion

Author Manuscript

Our first goal was to examine associations between both recalled and momentary measures
of NA and PA with measures of peripheral inflammation, with the expectation that both NA
measures would be associated with higher inflammation and both PA measures would be
associated with lower inflammation. Contrary to expectations, in the full sample neither
recalled NA or PA nor momentary NA or PA (when aggregated across the full 14 day EMA
period) was significantly associated with the 7-cytokine inflammatory composite or CRP
after controlling for age, gender, BMI, education, and health-related covariates (number of
chronic conditions, statin use). These null findings are consistent with a number of studies
that have reported a lack of significant association between recalled affect and measures of
peripheral inflammation (e.g., Andreasson et al., 2013; Friedman et al., 2007), although this
literature has been mixed as reviewed earlier. Only one study to our knowledge has linked
momentary PA with peripheral inflammation (IL-6 and CRP) and it did not report on NA
(Steptoe et al., 2008); that study used a methodology that linked PA across one day with
inflammatory measures from the same day, and significant findings were observed only
among women.

Author Manuscript

Having momentary affect measures across two full weeks (collected 5x/day) enabled us to
examine, as a second goal, whether the association between momentary affect and peripheral
inflammation might differ based on timing. We contrasted associations when using
momentary affect measures obtained closer in time to the blood draw (week 2 of the EMA)
with those obtained farther from the blood draw (week 1 of the EMA), with the expectation
that the former would be more robustly associated with inflammatory biomarkers due to the
temporal proximity of the measures. There was support for this for NA. Whereas aggregated
momentary NA from week 1 was not associated with any biomarker, aggregated momentary
NA from week 2 was significantly associated with higher levels of the 7-cytokine composite
measure of inflammation, controlling for age, gender, BMI, education, health conditions,
and statin use. Momentary PA aggregated from either week 1 or week 2 was not associated
with levels of any biomarker. To our knowledge these are the first analyses to show
significant associations between aggregated momentary NA from daily life and subsequently
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assessed peripheral inflammation. Temporal dynamics appear to be related to these findings,
as discussed further below.
4.1.

Momentary versus recalled affect, and temporal dynamics
In the present research, we investigated associations between inflammation and both recalled
and aggregated momentary measures of affect. We did not explicitly compare the effect sizes
of associations obtained with recalled versus momentary affect because our data were not
designed to enable such a test. Not only the assessment technique but the timescale varied:
Our recalled affect measure assessed global affect from the past month, whereas our
aggregated momentary measures encompassed a shorter time period. Thus, our recalled and
momentary affect variables were of different “distances” from the blood draw from which
peripheral inflammation was derived.

Author Manuscript
Author Manuscript

We were, however, able to use the density of data in our EMA assessments to examine the
effects of timing for momentary affect. As described above, we showed that aggregated NA
closer in time to the blood draw (Week 2) was associated with peripheral cytokines, in
contrast to aggregated NA from the week before. Further, exploratory analyses examining
the association between NA and the composite cytokine measure in greater detail revealed
trends of association consistent with the possibility of there being stronger associations
when NA assessments are taken closer in time to inflammatory assessment. Together, these
findings suggest that temporal proximity was an important factor in our results. These
findings also highlight the utility of EMA-derived measures, which may be particularly
valuable for predicting outcomes that fluctuate over short periods of time. Levels of
peripheral inflammatory markers are known to fluctuate in response to acute emotional state,
perceived stress, and physical and environmental factors (Carroll et al., 2011; Marsland,
Walsh, Lockwood, & John-Henderson, 2017; Steptoe et al., 2007); inflammation may thus
more closely track with affect when assessments of affect are relatively recent. As discussed
further below, however, our analyses examining associations between NA and the cytokine
composite based on number of days between EMA and blood draw were exploratory and
require replication.

Author Manuscript

Measures of recalled affect are not necessarily inferior to those of momentary affect but they
are different. Assessed in daily life, momentary affect minimizes recall bias and enables
questions to be asked about the relative proximity of assessment. Moreover, momentary
measures may tap into a different construct than retrospective measures, perhaps one which
better reflects experienced affect. This may help explain why several prior studies have
found that momentary affect has predicted some physiological measures, such as measures
of endocrine and cardiovascular function, more strongly (for review, see Conner & Barrett,
2012). However, although not linked to inflammation in the present research, measures of
recalled PA and NA could be influential and important in other ways. For example, recalled
affect measures may capture important broad self-perceptions (Kahneman & Riis, 2005;
Robinson & Clore, 2002) that relate to health in a unique manner.
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No measures of affect in the present research were associated with CRP. As an end product
of the inflammatory cascade, produced by the liver in response to IL-6 (Mortensen, 2001),
CRP changes less rapidly than individual cytokines and may therefore not vary quickly
enough within an individual to link reliably with measures of affect; CRP may better relate
to more broad and stable affect-related constructs, such as hostility and depression (Graham
et al., 2006). The wide range of CRP values in the present sample could be viewed as either
a strength or limitation; although having greater variability in a key outcome measure is a
strength, high CRP levels among our participants (many of whom had some degree of
chronic illness) raises issues of generalizability (discussed at length, below). On an
exploratory basis, we continued to find null effects with CRP after removing from analyses
the 67 participants with CRP greater than 3 mg/L or the 39 participants with CRP greater
than 10 mg/L. Moreover, we used linear regression to explore potential interaction by CRP
(using a split based on >3 mg/L) on primary findings. There was a significant interaction
with CRP on the association between Week 2 NA and the cytokine composite (b = 0.18, p <.
05); importantly, the direction of association was the same for both those with “low” and
“high” CRP, and simple slopes analyses suggested that the association between aggregated
momentary NA and the cytokine composite was stronger among individuals with CRP > 3
mg/L.
4.3.

Null effects with positive affect

Author Manuscript
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We did not find any significant associations between PA and inflammation in the full
sample. This was somewhat surprising, as PA has been related to immune function (Cohen
et al., 2006) and health-related outcomes, such as pain, chronic disease incidence and
progression, and mortality (Boehm & Kubzansky, 2012; Graham-Engeland, Zawadzki,
Slavish, & Smyth, 2016; Pressman & Cohen, 2005; Steptoe & Wardle, 2011). However, the
literature linking recalled PA and inflammation has been inconsistent and the literature
linking momentary PA and inflammation scant, as reviewed above. There may be important
individual differences that are related to the connection between PA and inflammation; in
keeping with this, our exploratory analyses revealed a significant connection between higher
momentary Week 2 PA and lower levels of the cytokine composite among males only. This
is intriguing but divergent from the one other existing study to examine momentary PA and
inflammation, which found a connection (in the same direction) for women only (Steptoe et
al., 2008). Gender interactions such as these likely relate to complex socialized phenomena
(which can vary by sample), in addition to physiological differences between men and
women (Darnall & Suarez, 2009; Justeret al., 2016). Additional research structured around
understanding the role of gender and other individual differences that may relate to the
connection between PA and inflammation is warranted.
It also may be that constructs related to PA other than average reported PA are more
important for stress physiology and inflammation. For example, we were not able to
examine associations with low arousal momentary PA (such as states of being calm or
pleased) versus high arousal PA (e.g., excited) using our momentary measures. This is
important because emerging evidence suggests that low arousal PA may be uniquely
important for health (Jones, Graham-Engeland, Smyth, & Lehman, 2018; Pressman, Jenkins,
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Kraft-Feil, Rasmussen, & Scheier, 2017; Schwerdtfeger, Friedrich-Mai, & Gerteis, 2015).
Further, variation in PA related to daily stressors has been associated with peripheral
inflammation (Sin et al., 2015). Research examining emotional variability or reactivity, or
research utilizing a stress-buffering lens (e.g., Blevins et al., 2017; Jenkins, Hunter, Cross,
Acevedo, & Pressman, 2018), may be needed to better understand the importance of PA on
inflammation.
4.4

Interaction effects by sociodemographic factors

Author Manuscript

In addition to the gender interaction effect described above, our exploratory moderation
analyses revealed two other interaction effects by the key sociodemographic factors we
examined. First, in contrast to what was observed in the full sample or among college
graduates (~45% of the sample), we found that among those with less than a college
education there was a significant association between higher recalled NA and higher levels
of the cytokine composite. This is intriguing, as it suggests that education specifically, or
socioeconomic status more broadly, may help explain inconsistencies in the literature on
recalled affect and inflammation. We also observed an interaction between Black race and
the association between Week 1 NA and CRP, but this was harder to interpret given that
there were not significant associations between either group when probed with simple slopes
analyses. All of the interaction findings in the present research were exploratory and would
require replication and greater probing (ideally with larger samples) prior to making any
conclusions. Taken together, however, particularly in light of racial disparities in
inflammation that appear to exist even beyond effects of socioeconomic status (Herd,
Karraker, & Friedman, 2012; Ransome et al., 2018), these exploratory moderation analyses
support the importance of having diverse samples and of examining sociodemographic
differences that may relate to the connection between psychological phenomena and health.

Author Manuscript

4.5

Limitations

Author Manuscript

It may be important to consider the diverse physical and mental health of the present sample
when considering generalizability. Of note, 22% of participants were flagged for at least
moderate depressive symptoms (based on Patient-Reported Outcomes Measurement
Information System [PROMIS] depression scores). We did not control for depressed mood
or anti-depressant medication use (which is confounded with depression) because of its
overlap with negative affect. Participants were not recruited on the basis of a particular
health condition but neither were they excluded on the basis of most health conditions;
indeed, 90% had at least one chronic health condition. Importantly, we controlled for health
conditions (and statin medication use) and used winsorizing to minimize the impact of
outliers on results. However, while helpful, these methods do not eliminate all potential
concerns about having unhealthy participants in analyses that relate psychological and health
factors. For example, there remains the possibility that a third variable (e.g., illness) might
influence both affect and inflammation. At the same time, however, it is also possible that
there is a causal connection from affect to inflammation that is strongest among individuals
who are sick or when there is more variability in affect or inflammation. For this and several
other important reasons, we elected to retain our entire potential sample. First, one of the
most unique aspects of the present sample is that it was derived from systematic probability
sampling of a particular geographical area (Scott et al., 2015), which resulted in
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sociodemographic characteristics representative of the area. Although no sample can
generalize to the entire population, this sampling technique mitigates concerns regarding
generalizability in ways that most studies do not. Moreover, the present sample was
comprised of a majority of African-American participants and a sizable minority of Hispanic
participants. Recent studies have revealed significantly higher CRP levels among AfricanAmericans compared to White participants (Gruenewald, Cohen, Matthews, Tracy, &
Seeman, 2009; Herd et al., 2012; Ranjitet al., 2007; Ransome et al., 2018). Thus, the present
sample may be more representative of at least certain populations than many other studies,
which frequently exclude individuals on the basis of health conditions and which are often
predominately White.

Author Manuscript

Our analyses testing interaction effects and some of those focused on the temporal dynamics
related to momentary affect were exploratory and will require replication. Further, we were
not able to distinguish the specific and relative contributions of assessment method (recall
versus EMA) due to differences in the duration of recall (e.g., affect over a month versus a
week) and in the proximity to blood sampling (i.e., we did not have recalled measures
proximal to the blood draw). Due to limitations in our assessment of affect, we were also
unable to test the unique contribution of low versus high arousal NA and PA. These are
exciting questions that remain for future research. In addition, the data analyzed in the
present research were cross-sectional; hence, these findings do not demonstrate
directionality between affect and inflammation. Existing experimental research suggests that
there are bi-directional pathways between emotion and inflammation (e.g., Brydon, Walker,
Wawrzyniak, Chart, & Steptoe, 2009; Carroll et al., 2011; Moons, Eisenberger, & Taylor,
2010; Wright, Strike, Brydon, & Steptoe, 2005). Future research is needed to better
characterize the many potential mechanisms for associations between affect and
inflammation, which include stress activation and behavioral pathways. Research that adds
additional inflammatory time points (e.g., a blood draw both before and after an EMA
period or multiple inflammatory assessments via dried blood spots or saliva) would be
valuable to better characterize both the directionality and temporality of these associations.

Author Manuscript

4.6

Conclusions

Author Manuscript

This research adds to the literature suggesting that affect itself (as opposed to broader
constructs involving affect [e.g., hostility]) can relate to markers of inflammation. Although
recalled affect was not significantly linked with inflammation (except among those with
lower education), momentary negative affect in daily life (from the week prior to the blood
draw only) was associated with inflammation based on a panel of cytokines. Further,
momentary positive affect (again, only from the week prior to the blood draw) was
associated with the same set of inflammatory cytokines but among males only. One broad
possibility suggested by this research is that momentary affect measures more proximal to
blood sampling may be stronger predictors of inflammatory markers. Together, the present
findings suggest that a) it may be valuable to include momentary measures of affect in
research linking affect with inflammation, and b) affect measures obtained closer in time to
blood draw(s) may associate more robustly with peripheral inflammation. Further
investigation of these nuanced questions, involving assessment techniques and temporal
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dynamics, is needed to more fully understand the important associations between emotion
and inflammation.
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Highlights
•

Aggregated momentary negative affect and inflammation were significantly
associated

•

Recalled affect measures were not associated with inflammation in the same
sample

•

Momentary affect measures proximal to blood sampling may be stronger
predictors

•

The sample comprised racially and socioeconomically diverse mid-life adults

•

Sociodemographic factors were explored as moderators of effects
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Figure 1. Associations between NA and 7-cytokine composite based on number of days between
EMA and blood draw.

Each row represents a regression analysis with NA (aggregated across a single day)
predicting the 7-cytokine composite, controlling for gender, age, BMI, chronic health
conditions, statin use, and education. Confidence intervals that cross zero were nonsignificant. Hence, there were no significant associations observed when breaking down this
association by the number of days between EMA and blood draw, although a trend was
observed for stronger connections when there was a shorter lag between EMA and the blood
draw.
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Table 1.

Author Manuscript

Sample demographics and characteristics (N = 220)
Characteristics

Mean (SD)
or N (%)

Author Manuscript

Age, years

46.21 (11.12)

Female

140 (64.94%)

Body mass index

32.05 (8.28)

African-American / Black (non-Hispanic)

62.34%

Hispanic Black

6.3%

Hispanic White

17.7%

White (non-Hispanic)

8.23%

Other race (including Asian, American
Indian, Alaska Native)

4.33%

Married/Cohabiting

94 (40.87%)

Household income < $40,000

99 (43.23%)

College graduate

105 (45.45%)

Number of chronic conditions

3.33 (2.57)

Statin use

22 (9.52%)

CRP, mg/L

6.17 (9.40)
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Table 2.

Author Manuscript

Bivariate associations between key participant characteristics and inflammation
Participant
characteristic

Cytokine
composite

CRP

Body mass index

r = −0.08

r = 0.53***

Chronic conditions

r = −0.03

r = 0.15*

s

Statin use

t = −1.09

t = 1.01

Tobacco use

t = −1.34

t = −1.21

Age

r = 0.08

r = −0.03
*s

Male gender

t = −1.98

African-American/Black

t = 0.66

Hispanic

t = −1.03

Author Manuscript

College graduate
Married

t = −0.42
t = 0.93
t = −0.14

†s

t = −1.69

t = −3.11**

t = −1.40

t = 0.38

Note. Pearson correlations were computed for continuous variables and t-tests were used for dichotomous variables. All analyses were performed
on log-10 transformed biomarkers. Participants were coded as married if they were either married or habitating as if married. Correlations indicated
that greater body mass index and number of chronic conditions were associated with higher CRP. T-tests suggested that males had higher levels of
the cytokine composite than females, and that individuals with higher education than others had lower CRP.

s
indicates equal variance could not be assumed and Satterthwaite estimation for unequal variance was used.
***

p ≤ 0.001

**

p ≤ 0.01

*

p ≤ 0.05

†

p ≤ 0.10
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Table 3.
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Affect measures
Pearson r correlations

Affect measure

Mean (SD)
or N (%)

Recalled
NA

Recalled
PA

Momentary
NA

Recalled

35.42 (12.67)

----

Recalled PA

45.21 (12.12)

−0.49***

----

Momentary NA

23.40 (16.06)76)

0.32***

−0.32***

----

Momentary PA

60.65 (18.76)

−0.38***

0.54***

−0.48***

Momentary
PA

----

***

p ≤ 0.001
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Table 4.

Author Manuscript

Recalled and momentary affect as predictors of inflammatory markers
Standardized ß (95% Confidence Interval)
Affect Measure

7-cytokine composite

CRP

Recalled ΝΑ

−0.018 (−0.103, 0.066)

0.001 (−0.035, 0.056)

Momentary ΝΑ

0.051 (−0.032, 0.135)

0.019 (−0.026, 0.063)

Recalled PA

0.038 (−0.046, 0.121)

−0.011 (−0.056, 0.034)

Momentary PA

0.001 (−0.004, 0.008)

−0.025 (−0.070, 0.020)

Note. Momentary affect in these analyses was aggregated across the full two weeks of EMAs. Analyses controlled for age, gender, body mass
index, education, number of chronic conditions, and statin use. Analyses were performed on log-10 transformed biomarkers. No significant
associations were observed.
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Table 5.

Author Manuscript

Momentary affect from Week 1 (further from blood draw) and Week 2 (proximal to blood draw) as predictors
of inflammatory markers
Standardized ß (95% Confidence Interval)
Affect Measure

7-cytokine composite

CRP

Week 1 ΝΑ

0.017 (−0.067, 0.102)

0.011 (−0.033, 0.056)

Week 2 ΝΑ

0.087 (0.005, 0.170)*

0.026 (−0.019, 0.070)

Week 1 PA

0.032 (−0.054, 0.119)

−0.013 (−0.059, 0.032)

Week 2 PA

−0.037 (−0.122, 0.047)

−0.033 (−0.077, 0.012)

Note. Analyses controlled for age, gender, body mass index, education, number of chronic conditions, and statin use. Analyses were performed on
log-10 transformed biomarkers.

*

p ≤ 0.05
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