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Abstract Psychological distancing is a way to regulate emotion
by appraising a stimulus with an objective perspective or with
spatial/temporal distance. Implicit linguistic distancing (LD) is the
degree to which one implements psychological distancing through
natural language. Recent work shows that LD is positively associated
with successful emotion regulation, and with self-reported indicators
of health and well-being. However, the relationship between implicit
LD and validated health biomarkers, such as those predictive of
cardiovascular disease, remains unexplored. The present study
investigates the association between implicit LD and C-reactive
protein among participants (N = 235) from the New England Family
Study. Participants completed questionnaires, an oral prompt, which
was then transcribed for the LD analysis, and a blood draw. Implicit
LD was negatively associated with C-reactive protein levels. LD was
associated with other self-reported health measures that are validated
risk factors for cardiovascular disease, including depression, anxiety,
and general health. Although correlational, the findings suggest that
implicit LD may be protective and adaptive.

Keywords C-reactive protein; emotion regulation; cardiovascular dis-
ease; inflammation; linguistic distancing

1. Introduction

Cognitive reappraisal is an adaptive strategy to regulate
one’s emotions, that involves changing the meaning of
an emotionally evocative stimulus [1,2,3]. Indeed, the
ability to manage emotions is vital for physical and mental
well-being [1,4] and has been shown to be associated
with several positive health indicators [2,4,5,6,7,8].
Cognitive reappraisal can be implemented in several
ways; one tactic of interest is psychological distancing.
Psychological distancing involves changing one’s appraisal
of an emotional stimulus by employing an objective and
impartial perspective and/or increasing the perceived spatial
and temporal distance between oneself and the stimulus [9,
10].

Shifting language to reflect psychological distancing
helps regulate negative affect; distance to the stimulus

reduces the negative affect. The language can encode the
distance [2,10,11]. Spontaneously adopting a distanced
perspective reduces maladaptive rumination (i.e., thinking
about negative stimuli for extended periods). Implementing
distanced lexical shifts has also been shown to reduce
stress [12,13,14].

Language-based evidence of psychological distancing,
referred to as linguistic distancing, has been indexed
with a standardized composite metric of one’s frequency
of first-person singular pronouns, articles, discrepancy
words, words greater than six letters, and present-tense
verbs. These particular lexical components best track
verbal immediacy and have been used to index linguistic
distancing in previous literature [8,15,16,17,18]. For
example, a sentence reflecting high levels of linguistic
distancing could be “This car crash happened far away
from me, medical help was at the scene, and no one was
seriously hurt.” More specifically, the sentence incorporates
elements of spatial and temporal distance as well as
objectivity. Individuals who implicitly (i.e., without any
instruction) distanced their language showed associations
between this particular linguistic distancing metric and
emotion regulation efficacy, indicating that they were more
successful at reducing negative affect [17]. In addition,
when participants were instructed to implement distanced
lexical shifts in their language, greater linguistic distancing
was also associated with multiple positive self-reported
health indicators, including fewer symptoms of depression,
perceived stress, and difficulties in emotion regulation;
better emotional well-being, vitality, and social functioning;
and increased reappraisal frequency [8]. Although linguistic
distancing has been studied in the context of stress, and
often with participants who are instructed to implement
distanced lexical shifts, no study has yet related implicitly
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(i.e., without instruction to regulate) linguistic distancing to
stress-related markers of cardiovascular disease.

Stressful events and the negative emotions they
generate can promote elevations in biomarkers of systemic
inflammation, such as C-reactive protein (CRP) [19]. CRP
is an acute-phase protein produced by the liver; it goes up
in response to immune cytokines in peripheral blood [20].
Widely known as an index of cardiovascular risk, elevated
CRP levels also predict all-cause mortality [21]. Indeed, the
capacity to regulate emotions is crucial for healthy cardiac
functioning [22,23,24,25,26]. Based on work showing that
linguistic distancing promotes good self-reported health
and positive emotion regulation strategies, we sought
to understand whether it is also associated with CRP, a
clinically meaningful health biomarker. While cognitive
reappraisal frequency was shown to be associated with
lower levels of CRP [22], no work has demonstrated how
implicit (i.e., with no instruction to regulate or implement
distanced lexical shifts) linguistic distancing relates to
CRP. Kross and Ayduk [11] suggest that distancing may
be associated with attenuated cardiovascular reactivity. In
addition to CRP, depression, anxiety, optimism, and general
health all serve as additional risk factors for cardiovascular
disease [27,28]. Thus, we sought to understand if linguistic
distancing is associated with these self-reported measures
of risk for cardiovascular disease.

Indeed, examining linguistic mechanisms of psycho-
logical distancing sheds light into implicit psychological
processes that may otherwise be indiscernible. The present
work disentangles complex psychological processes using
a recently validated linguistic distancing measure [8,17,
29]. The novelty of this implicit measure of psychological
distancing via language, therefore, merits investigation.
Thus, the present work aimed to examine the association
between a relatively stable marker of systemic inflammation
that has shown to be responsive to chronic stress, CRP, and
the novel linguistic distancing metric.

The present study aimed to probe aspects of previously
posited affect-immune theoretical models. For example,
Thayer and Lane’s (2000) neurovisceral integration in
emotion regulation and dysregulation model outlined
the physiological systems that subserve the relationship
between attentional regulation and affective processes [30].
Notably, Williams et al. (1999) posited that research
must identify specific emotional risk factors that may
signal resilience to promote cardiovascular health [31].
In the current study, we investigated inflammation as one
explanatory potential physiological mechanism that may
account for the relationship between negative emotions and
immune dysregulation.

The present study examined how behavior—i.e., implicit
utilization of psychological distancing via distanced lexical
shifts—specifically encodes affective processes related to

physiological responses. In keeping with Kiecolt-Glaser
et al’s (2002) framework relating negative emotions to
immune and endocrine dysregulation [32], Lopez et al.’s
(2019) neuro-immuno-affective framework suggested that
during emotion regulation, activity in the ventro- and
dorsolateral prefrontal cortex, as well as the ventromedial
prefrontal cortex, impacts autonomic nervous system and
hypothalamic-pituitary-axis activity, which contributes
to regulation of negative affect, cardiovagal output, and
responses to stress, which in turn reduces inflammation [33].
The current work probed this framework further, as it
investigated implicit emotion regulation and its relationship
to immune system functioning. In particular, language is
a fundamental human capability through which implicit
emotion management processes and their relationships
to health may be better understood [34,35]. Translating
feelings into words is often an adaptive process [36],
and writing about emotional topics reduces negative
affect and enhances an adaptive immune system [34].
Previous research also shows that distanced lexical shifts
are associated with improvements in health [37].

We aimed to investigate the relationship between
implicit linguistic distancing and a health biomarker
strongly associated with cardiovascular disease risk (i.e.,
CRP). We predicted a negative association such that greater
linguistic distancing would be related to lower levels of CRP.
We also sought to examine the relationship between one’s
implicit use of linguistic distancing and other self-reported
health measures that are validated psychological risk factors
for cardiovascular diseases, such as depression, anxiety,
and general health [27,28]. We hypothesized that linguistic
distancing would be negatively associated with depression
and anxiety and positively associated with dispositional
optimism and general health. To our knowledge, this is
the first study to move beyond self-report and investigate
linguistic distancing’s association with health-relevant
biomarkers.

2. Methods

2.1. Participants

We used data from the New England Family Study (NEFS).
The NEFS was established to interview and assess the adult
offspring from the Collaborative Perinatal Project, an earlier
cohort study that aimed to identify neurodevelopmental
consequences of pregnancy and delivery complications [38,
39,40]. Human subjects committees at the Harvard School
of Public Health, Brown University, and Rice University
approved the study protocol. Out of 618 participants
assessed as adults, 480 completed the oral prompt (described
below); of these, 330 also had CRP data. We included
participants who had complete data for all the covariates
described below; thus, the final sample size was 235
participants, as seen in the flowchart in Figure 1 (53%
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N=618
Total participants
N = 138 excluded because
they did not complete the
oral prompt
N=480
Participants completed the
oral prompt
N = 150 excluded because
they did not have CRP data
N=330
Participants had CRP data
N = 95 excluded because
they did not have complete
data for the covariates
N=1235
Participants had complete
data for the covariates

Figure 1: Flowchart showing route to final analytic sample
N size for CRP analyses: there were 618 total participants,
480 participants who completed the oral prompt, 330 who
had CRP data, and 235 who had complete data for key
covariates used in the current CRP analyses.

female; 82% Caucasian, ~ 14% African-American, ~ 3%
Hispanic or Latino, ~ 2% Other; M,g, = 42.2 years,
SDyge = 1.73). We also examined zero-order correlations
between linguistic distancing and self-reported health
measures of depression, anxiety, optimism, and self-rated
health. For these zero-order correlation analyses, each
correlation’s sample size varied depending on which
measures had complete data. These ranged from 477
participants with complete oral prompt and depression data
to 315 with oral prompt and social functioning data.

There were no significant differences observed when
comparing participants who did complete the oral prompt
used for the linguistic distancing assay (/N = 480) versus
those who did not complete the oral prompt (N = 138)
in terms of age, sex, and socioeconomic status. Out of
all the participants who had completed the oral prompt
for the linguistic distancing assay (N = 480), there were
no significant differences in linguistic distancing when
comparing those who had CRP data (N = 330) versus those
who did not (N = 150), nor when comparing those who
had complete covariate data (N = 235; used for analyses;
Figure 1) versus those who did not (N = 95).

2.2. Questionnaires

Participants completed an in-person three-hour interview,
where informed consent, socioeconomic, health, and
psychological information were gathered. Participants
completed the 10-item form of the Center for Epidemiologic
Studies Depression Scale (CES-D; [41]), which assesses
depressive symptomology during the past week (Cronbach’s

a = .92; [42]) rated on a 4-point scale from 1 (rarely or
none of the time) to 4 (most or all of the time). Example
items include “I felt that everything I did was an effort.” or
“I was bothered by things that don’t usually bother me.”

In addition, participants completed the 23-item Minne-
sota Multiphasic Personality Inventory—Anxiety (MMPI—
Anxiety; [43]), which assesses general anxiety symptomol-
ogy (Cronbach’s av = .82; [44]) rated on a 4-point scale from
1 (rarely or none of the time) to 4 (most or all of the time).
Example items include “Several times a week I feel as if
something dreadful is about to happen.” or “I worry quite a
bit over possible misfortunes.”

Next, participants completed the 7-item Dutch Disposi-
tional Optimism scale [27], which evaluates general positive
affect rated on a 5-point scale from 1 (strongly disagree) to
5 (strongly agree). Example items include “I have positive
expectations about my future.” or “Most of the time I am in
good spirits.”

Lastly, participants completed the Health & Illness
Questionnaire [45], which covered general health, norm-
based role limitations due to physical health, and norm-
based social functioning. While some questions were more
general, such as “In general, would you say that your health
is...” with answer options ranging from 1 (excellent) to 5
(poor), other questions were more pointed, such as “During
the past 4 weeks, how much of the time have you had any
of the following problems with your work or other regular
daily activities as a result of your physical health?” with
answer options ranging from 1 (all of the time) to 5 (none
of the time). Social functioning was assessed with questions
such as “During the past 4 weeks, to what extent has your
physical health or emotional problems interfered with your
normal social activities with family, friends, neighbors, or
groups?” with answer options ranging from O (not at all) to
4 (extremely).

2.3. Linguistic distancing

The linguistic distancing data were obtained from the
participants’ completion of an oral open-response prompt.
The prompt asked participants to evaluate a stressful,
problematic situation for a hypothetical individual at a
doctor’s office, which was used with the assumption that
the response was similar to other stressful situations (see
Supplementary Material for exact wording of prompt).
The prompt was recorded; then, we transcribed each
participants’ recordings to written text. To quantify
the degree of linguistic distancing employed by each
participant, we used Pennebaker’s Linguistic Inquiry and
Word Count (LIWC; [46]) which computes percentages
of words falling within particular word categories. LIWC
has been used considerably in empirical research exploring
emotion regulation strategies such as self-distancing. The
LIWC analyses focused on a composite linguistic measure
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of psychological distancing (i.e., using the methodology
of Nook et al. (2017)). In particular, the composite
psychological distancing score was calculated by z-scoring
first-person singular pronouns (e.g., I, my), present-tense
verbs, articles (e.g., the, a), discrepancy words (e.g., would,
should), and words of more than six letters, which were then
averaged as indicated below (see also [8]). Accordingly,
the z-scored frequencies of first-person singular pronouns,
present-tense verbs, and discrepancy words were reverse-
scored (multiplied by —1). They then averaged with the
z-scored frequencies of articles and words of more than six
letters. Lower linguistic distancing scores suggest that the
language is personal and focused on the present. In contrast,
higher linguistic distancing scores show that the language
is impersonal and not focused on the present, and therefore
more reflective of psychological distancing.

2.4. CRP

To quantify inflammation, plasma concentration of CRP
(high sensitivity) was calculated, derived from blood
samples collected at the time of assessment. Using an
immunoturbidimetric assay on the Hitachi 917 analyzer
(Roche Diagnostics—Indianapolis, IN, USA), CRP con-
centrations were determined using reagents and calibrators
from DiaSorin (Stillwater, MN, USA). This particular assay
had a sensitivity of 0.03 mg/L. The day-to-day variabilities
of the assay at concentrations of 0.91, 3.07, and 13.38 mg/L.
were 2.81, 1.61, and 1.1%, respectively. In this sample, CRP
levels ranged from 0.07 mg/L to 80.10 mg/L. Analyses were
conducted using all participants, followed by sensitivity
analyses that excluded participants who had CRP levels
greater than 10mg/L in case of infections [23]. CRP
was log-transformed because of skewed distribution and
examined continuously.

2.5. Covariates

Control variables included the standard covariates recom-
mended by O’Connor and colleagues [47] as available in
this dataset: age, sex, income, smoking status, sleep (i.e.,
number of hours of sleep), exercise (i.e., vigorous activity
per week), and waist circumference. Several studies suggest
that waist circumference or waist-to-hip ratio is more closely
associated with the variability of CRP than BMI [47].

2.6. Data analysis

The main analysis of interest—the relationship between
linguistic distancing and CRP—was conducted in R using
the Imer function to examine linear mixed effects regression
models and visualized using ggplot. Given that there were
29 sibling sets among the sample, a random effect of mother
was entered to account for potential nested effects. Sex
and smoking status were entered as categorical rather than
continuous variables. Continuous predictor variables were

Table 1: Descriptive statistics of all variables in the analytic
samples.

Variable (N = 235) Mean SD
Linguistic distancing —0.02 0.56
CRP (without natural log [mg/L]) 1.95 340
Age (years) 422 1.73
Sleep (number of hours) 6.63 131
Income (score on ladder) 337  3.01
Waist circumference (cm) 95 17.2
Exercise (vigorous activity per week) 3.84 1.80
Sex 53.2% female

Smoking status 22.1% smoke

Variable Mean SD
Self-rated health (IV = 473) 235  1.02
Symptoms of depression (N = 477) 1.59 0.56
Anxiety (N =477) 1.70 052
Dispositional optimism (N = 477) 4.18  0.69
Role limitations due to physical health (N =315) 483  10.6
Social functioning (N = 315) 21.7 11.5

Note. Descriptive statistics of all variables in the analytic samples.
Linguistic distancing was the score from the LIWC analyses. CRP
was the level of CRP without the natural log mg/L. Age was
quantified in years. Sleep was quantified as the number of hours of
sleep on average per night in the past month. Income was quantified
as the total assets minus the amount owed, which corresponded to a
score on a ladder. Waist circumference was the waist size measured
in centimeters. Exercise was the number of days a week vigorous
activity was engaged.

mean-centered before running the regressions. We also
examined whether the association held after accounting for
symptoms of depression (i.e., CES-D scores).

Next, we examined zero-order correlations of linguis-
tic distancing’s relationship to depression, anxiety, dispo-
sitional optimism, self-rated health, role limitations due to
physical health, and social functioning. For the latter three
scales, higher values indicate poorer health, fewer role lim-
itations, and poorer social functioning. These analyses were
conducted in R using the apaTables function and visualized
using ggplot [48]. We hypothesized that linguistic distancing
would be significantly related to positive health indicators
and negatively associated with adverse health indicators.

3. Results

3.1. Linear model of linguistic distancing and CRP

Table 1 contains the descriptive statistics for all the variables
used in the analytic samples.

Table 2 contains the linear regression model of CRP
M = 1.95mg/L, SD = 3.40) as the continuous dependent
variable and linguistic distancing as the key predictor
of interest. There was a significant negative association
between linguistic distancing and CRP, b = —0.27,
t(233) =2.31, SE=0.12, P = .022, such that greater levels
of linguistic distancing were associated with lower CRP
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Table 2: Linear model of CRP.

CRP
Predictors Estimates CI
Intercept 0.04 —0.16-0.25
Linguistic distancing —0.27* —0.50-—0.04
Age 0.00 —0.07-0.08
Sex —0.12 —0.40-0.16
Waist circumference 0.04*** 0.03-0.04
Exercise 0.02 —0.05-0.09
Sleep 0.00 —0.10-0.10
Income 0.00 —0.04-0.05
Smoking 0.14 —0.17-0.46
Random effects
a? 0.95
T00Mom_ID 0.04
ICC 0.04
Nmomip 200
Observations 235
Marginal R?/conditional R>  0.271/0.297

*P < .05, P < .01, ***P < .001.
Note. CI indicates 95% confidence interval.

=

)

=

Natural log of C-reactive protein

r'u

b £ 0 1

Linguistic distancing

Figure 2: Scatterplot showing relationship between linguis-
tic distancing and CRP.

expression. Figure 2 shows how, as linguistic distancing
increases (z-axis), CRP decreases (y-axis). In addition,
importantly, the association holds after controlling for
symptoms of depression (CES-D), b = —0.27, #(233) =
2.30, SE = 0.12, P = .022. Importantly, after removing
participants who had CRP levels greater than 10mg/L,
the relationship was attenuated but remained significant,
b= —0.22,¢(230) =2.01, SE=0.11, P = .045.

3.2. Zero-order correlations

We conducted zero-order correlations between linguistic
distancing and the self-reported questionnaire scores, as
seen in the heatmap in Figure 3. There was a significant
negative association between linguistic distancing and
symptoms of depression (CES-D): r(475) = —0.10, 95%
CI [-0.19, —0.01], P = .025, indicating that as linguistic
distancing increased, symptoms of depression decreased.

There was a significant negative association between
linguistic distancing and anxiety (MMPI—Anxiety):
r(475) = —0.10, 95% CI [-0.19, —0.01], P = .022,
indicating that as linguistic distancing increased, anxiety
decreased. There was a significant positive association
between linguistic distancing and dispositional optimism:
r(475) = 0.11, 95% CI [0.02, 0.20], P = .017, indicating
that as linguistic distancing increased, dispositional
optimism also increased.

The next three findings come from the Health & Illness
Questionnaire, where higher values indicate poorer health.
There was a significant negative association between
linguistic distancing and poor self-rated health (greater
scores on the self-rated health scale indicate poorer health):
r(471)=-0.13,95% CI[—0.22, —0.04], P=.004, meaning
that as linguistic distancing increased, poorer health
decreased. There was also a significant positive association
between linguistic distancing and fewer role limitations due
to physical health (greater scores on the role limitations
scale indicate fewer limitations): r(313) = 0.12, 95% CI
[0.01, 0.23], P = .037, indicating that individuals who had
higher linguistic distancing scores had fewer role limitations
due to physical health. Lastly, there was a significant
negative association between linguistic distancing and
poor social functioning: r(313) = —0.13, 95% CI [—0.23,
—0.02], P = .024, indicating that as linguistic distancing
increased, poor social functioning decreased. The R script
pertaining to analyses performed in the present study
is available at the following link: https://osf.io/jphgy/
?view_only=c75e60358fb54d709e183f485fd059a8.

4. Discussion

4.1. Summary of results

As hypothesized, we found that implicit linguistic dis-
tancing (i.e., without any instruction to implement lexical
shifts) was associated with lower CRP inflammation. We
also found that implicit linguistic distancing was associated
with fewer symptoms of depression and anxiety, and greater
dispositional optimism and general health [27,28].

The results of the present study converge with prior
evidence from the existing literature—for example, another
study showed that self-distancing facilitated physiological
recovery from stress when looking at cardiovascular
reactivity via blood pressure as an endpoint [11,24].
Although the procedures and endpoints between the
studies differ, the present study concurs that distancing
may benefit health. Previous research substantiates that
distanced language helps individuals regulate adaptively [8,
17,49]. The present study is the first to provide evidence of
distanced language associating with a clinically meaningful
biomarker of cardiovascular disease.

Importantly, the correlation between implicit linguistic
distancing and CRP held after accounting for depressive
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Figure 3: Heatmap showing the zero-order correlations between linguistic distancing and self-report questionnaire measures.
Cool colors (e.g., blue or purple) indicate the degree of the negative zero-order correlation, while warm colors (e.g., red
or orange) indicate the degree of the positive zero-order correlation. As expected, linguistic distancing shows a negative
correlation with depression, anxiety, poor health, and poor social functioning, and positive correlation with dispositional
optimism and fewer role limitations associated with physical health. * indicates P < .05. ** indicates P < .01.

symptoms, suggesting that linguistic distancing may
represent an important latch connecting language and
cardiovascular health.

4.2. Broadening of theoretical frameworks and psychoneu-
roimmunological research

Although correlational, this finding illuminates novel
interconnections between linguistic evidence of emotion
regulation and psychoneuroimmunology, consistent with the
neuro-immuno-affective framework previously described
in Lopez et al. (2018). The findings also align with what
Williams and colleagues had posited as a necessary, crucial
next step in research: identifying specific factors that may
signal resilience to promote cardiovascular health [31].
Additional work has begun to tap into the connection
between cognitive reappraisal and psychoneuroimmunol-
ogy; for example, those who use cognitive reappraisal
less frequently have heightened production of nasal
cytokines [50]. Additionally, cognitive reappraisal has
been shown to moderate the relationship between heart rate

variability and telomere length of lymphocytes [7]. The
present work extends these investigations to include assess-
ing implicit cognitive reappraisal via linguistic distancing
and its relationship to a validated and clinically meaningful
biomarker of systemic inflammation. In particular, language
may be relatively effortless [14] and beneficial as a means
to regulate emotion and improve health.

4.3. Limitations, future directions, and conclusion

There are several limitations. The results are correlational,
with adult participants from two New England sites, limiting
the study’s generalizability. Furthermore, future work would
need to find converging evidence using other relevant
biomarkers. Although the current study is observational
and involved implicit linguistic distancing, these results
may have translational relevance. In future work, it will
be important to assess whether interventions explicitly
targeting linguistic distancing (e.g., instructing individuals
to use less first-person pronouns and present tense verbs)
may result in modulation of cardiovascular disease risk as



Psychoneuroimmunology Journal

indexed via health-relevant biomarkers. Promisingly, psy-
chological distancing more broadly has shown significant
translational potential in clinical populations, including
major depressive disorder and bipolar disorder [11].
Overall, these findings illustrate novel relationships
among language, emotion regulation, and systemic inflam-
mation biomarkers and risk factors relevant to cardiovas-
cular disease. Future work may examine how linguistic
distancing can be a valuable tool to better understand the
psychological processes that drive the neuro-immune link.
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