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A B S T R A C T

Previous research has demonstrated that perfectionism is implicated in poorer health and earlier mortality.
However, to our knowledge, research has not yet determined how individual differences in perfectionistic cog-
nitions are related to intermediary health markers such as inflammation. Thus, within the theoretical frameworks
of the perfectionism diathesis-stress model (Hewitt and Flett, 1993) and the cognitive theory of perfectionism
(Flett et al., 2018; Flett et al., 2016) the aims of our study were to test whether individual differences in
perfectionistic cognitions were associated with low-grade inflammation via c-reactive CRP and IL-6 biomarkers
and whether these relationships varied as a function perceived stress. The sample included 248 Canadian young
adults (52% female, Mage ¼ 22.89, SD ¼ 1.53) who completed surveys assessing key constructs such as perfec-
tionistic cognitions and perceived stress along with providing assessments of body fat percentage and serum
samples of IL-6 and CRP. Regression analyses indicated that perfectionistic cognitions were not related to IL-6
under any conditions of stress. However, under high levels of stress perfectionistic cognitions were associated
with elevated levels of CRP and these findings held after accounting for the effects of smoking status, body fat
percentage, and respondent sex. The present work adds to the growing body of evidence supporting links between
personality and inflammation. These findings raise the possibility that experiencing more frequent thoughts
centered on the need to be perfect when coupled with higher levels of stress may set the stage for greater
vulnerability for chronic inflammation.
1. Introduction

The relentless and uncompromising need to be perfect appears to be
prevalent in adults (Stoeber and Stoeber, 2009) and youth (Flett and
Hewitt, 2014). Further, perfectionism has been increasing among young
adults in Canada, the United States, and Britain over the course of the last
three decades (Curran and Hill, 2019). This is an alarming trend in light
of increasing evidence indicating that perfectionism is a core vulnera-
bility factor for a vast array of mental and physical health problems
(Sirois and Molnar, 2016). However, the psychobiological processes
underlying links between perfectionism and health remain largely un-
known. Chronic low grade inflammation may represent one potential
biological mechanism, given established links between personality traits
and inflammatory pathways (Luchetti et al., 2014), and substantial evi-
dence demonstrating the public health relevance of inflammatory
markers of chronic illness (e.g., Harris et al., 1999). Thus, this study
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examined whether individual differences in perfectionism were associ-
ated with immune dysfunction, particularly a pro-inflammatory state,
within the context of the perfectionism diathesis-stress model (Flett et al.,
1995; Hewitt and Flett, 1993).

Two intermediate inflammatory biomarkers of health identified that
impact the development, maintenance, and exacerbation of disease are C-
reactive protein (CRP) and interleukin-6 (IL-6). CRP is a marker of
chronic inflammation that has garnered considerable attention because
of its links to metabolic syndrome, cancers, coronary heart disease, and
early mortality (Aggarwal and Gehlot, 2009; Casas et al., 2008; Harris
et al., 1999; Park et al., 2009; Pradhan et al., 2001). IL-6, a cytokine that
can be both pro- and anti-inflammatory, depending on context, generally
stimulates the immune system in response to injury or infection in part by
stimulating liver production of CRP (McCarty, 1999; Steptoe et al., 2007)
and has been associated with a wide range of consequential health out-
comes (Maggio et al., 2006).
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A growing body of work has implicated personality traits in low grade
chronic inflammation through analysis of the CRP-IL-6 axis. Within the
widely accepted five factor model of personality, which posits that five
broad personality traits (i.e., neuroticism, conscientiousness, extraver-
sion, openness to experience, and agreeableness) summarizing in-
dividuals’ typical ways of feeling, behaving, and thinking,
conscientiousness has been most consistently linked to inflammation. For
example, lower levels of conscientiousness have been associated with
elevated levels of IL-6 and CRP (Chapman et al., 2011; Luchetti et al.,
2014; M~ottus et al., 2013; Sutin et al., 2010; Turiano et al., 2013);
however, not all studies have found such associations (Armon et al.,
2013). Other personality traits such as lower extraversion, higher
neuroticism, and lower openness have also been linked to greater
inflammation, albeit not as consistently as conscientiousness (Armon
et al., 2013; Luchetti et al., 2014; M~ottus et al., 2013; Sutin et al., 2010;
Turiano et al., 2013).

Finally, lower-order personality facets (i.e., specific personality traits
that underlie broader personality traits) such as hostility, self-
directedness, and dispositional depression also appear to be relevant
for inflammatory processes (Brummett et al., 2010; Henningsson et al.,
2008; Mwendwa et al., 2013), underscoring the importance of examining
narrower personality traits with respect to biomarkers of health. Indeed,
it may be the case that some inconsistencies in linking broader person-
ality traits to inflammatory markers may be due to differences in mea-
sures that emphasize some facets more than others. Chapman et al.
(2009), for instance, established that extraversion was not associated
with inflammation at the higher-order level. Yet, they found that activity
level (a facet of extraversion) was negatively linked with inflammation.
Similarly, Sutin et al. (2010) found that facet level personality traits of
neuroticism such as hostility, vulnerability, and impulsivity were related
to greater inflammation whereas the depression and anxiety facets were
not. Therefore, investigating narrower personality traits may provide
more precision to better understand the association between personality
and inflammation.

One lower-level personality trait that is gaining increased attention in
physical health is perfectionism (Sirois and Molnar, 2016). Indeed,
research has established that perfectionism is related to experiencing
greater levels of both general and specific health symptoms in samples of
postsecondary students (e.g., Bottos and Dewey, 2004; Martin et al.,
1996; Molnar et al., 2012; 2019) as well as adults from the community
(e.g., Molnar et al., 2006; Saboonchi and Lundh, 2003), with longitudinal
studies showing that perfectionism contributes to increased health
symptoms and compromised health over time (Bonvanie et al., 2015;
Pritchard et al., 2007; Sumi and Kanda, 2002). Specifically, perfec-
tionism has been implicated in a host of chronic physical health issues
including cardiovascular disease (Corson et al., 2018), irritable bowel
syndrome (Flett et al., 2011), chronic fatigue syndrome (Kempke et al.,
2016)), headaches (Bottos and Dewey, 2004), fibromyalgia (Molnar
et al., 2012; Sirois et al., 2019), and ultimately earlier mortality (Fry and
Debats, 2009).

According to the cognitive theory of perfectionism (Flett et al., 2016),
individual differences in the frequency with which people experience
perfectionistic cognitions (i.e., automatic and repetitive thoughts
reflecting the need for perfection) are particularly relevant for health
problems (Flett et al., 2016, 2018). This premise is in keeping with the
perseverative cognition hypothesis (i.e., the notion that rumination ex-
tends the stress response, therefore conferring increased risk for health
problems). While individual differences in perfectionistic cognitions are
relatively understudied with respect to health, early empirical research
supports this premise showing that perfectionistic cognitions are linked
to psychosomatic symptoms in young adults (Flett et al., 2012) and
uniquely contribute to distress (Casale et al., 2020; Tyler et al., 2020).
Therefore, to expand our understanding of how perfectionism contrib-
utes to health, the present study concentrated uniquely on individual
differences in the frequency with which individuals experience rumina-
tive and automatic thoughts centering on the necessity to be perfect and
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their abiding sense of failure.
Finally, it is important to acknowledge the key role of stress when

examining links between perfectionism and health. According to Hewitt
and Flett’s perfectionism diathesis-stress model, perfectionism serves as a
vulnerability factor that becomes triggered during times of stress (Flett
et al., 1995; Hewitt and Dyck, 1986; Hewitt and Flett, 1993). This notion
is supported by several studies showing that individuals higher in
perfectionism are especially vulnerable to poorer outcomes when under
conditions of greater stress (e.g., (Dunkley, 2003; Dunkley et al., 2000;
Enns and Cox, 2005). Consequently, it is critical to not only assess direct
links between perfectionistic cognitions and inflammation, but also to
test whether associations between perfectionistic cognitions and
inflammation are exacerbated by higher levels of stress.

1.1. Objectives and hypotheses

Collectively, extant literature provides compelling evidence that
perfectionism plays an important role in health and illness, and that the
effects of perfectionism appear to be rather pervasive, cutting across
multiple indices of health. However, it must be noted that the majority of
studies to date have relied upon subjective measures (see Fry and Debats,
2009, for an exception) rather than biomarkers of health. Moreover, to
our knowledge, research has yet to gauge how individual differences in
perfectionism are related to inflammation. Thus, within the contexts of
the perfectionism diathesis-stress model (Hewitt and Flett, 1993) and the
cognitive theory of perfectionism (Flett et al., 2018; Flett et al., 2016) this
study examined associations between individual differences in perfec-
tionistic cognitions and low-grade inflammation via CRP and IL-6 bio-
markers and whether these associations varied as a function of stress. We
also tested whether these associations held after including potential
confounds that were of theoretical interest (e.g., cigarette smoking,
percentage body fat, biological sex, and clinical diagnosis of depression
(Cartier et al., 2009; de Maat and Kluft, 2002; Ellulu, Patimah, Khaza’ai,
Rahmat and Abed, 2017; Marques-Vidal et al., 2012; Mendall et al.,
2000; Tracy et al., 1997; Valkanova et al., 2013) and were significantly
related to IL-6 or CRP to assess the incremental predictive utility of
perfectionistic cognitions with respect to inflammation. We hypothesized
that perfectionistic cognitions would be associatedwith elevated levels of
CRP and IL-6 over and above the covariates and, consistent with the
perfectionism diathesis-stress model, that these links would be stronger
under higher levels of stress.

2. Materials & methods

2.1. Participants

Participants were drawn from the Niagara Longitudinal Heart Study,
an ongoing multidisciplinary study of how adverse childhood experi-
ences impact cardiovascular health from childhood to early adulthood
(Wade et al., 2019). This project received clearance by our university’s
Research Ethics Board and all participants read and signed consent forms
before completing the study protocol. The current study uses the
midpoint study sample of 248 participants of which 175 participants had
complete data for personality and stress as well as biological specimens to
measure IL-6, whereas 173 had CRP data. The sample was comprised of
young adults whose age ranged from 19 to 26 years of which 52% were
female (Table 1).

2.2. Measures

Perfectionism. The Perfectionism Cognitions Inventory (PCI; Flett
et al., 1998) was used to assess perfectionistic cognitions. The PCI is a
25-item measure of the frequency over the past week of automatic
thoughts indicating the need to achieve perfection such as ‘‘Why can’t I
be perfect?’‘, “I should be perfect”, and “My work should be flawless”.
Higher scores indicate experiencing more frequent perfectionistic



Table 1
Correlation matrix with means, standard deviations, and Cronbach’s alpha for all
model variables.

Variable 1 2 3 4 5 6 7

1. CRP –

2. IL-6 .533* –

3. PC .023 .018 –

4. STRESS .164* .135 .320* –

5. BFP .530* .320* -.088 .192* –

6. AGE .021 .006 -.040 -.005 -.047 –

7. SEX -.290* -.153* .010 -.250* -.483* .059 –

Mean 3.34 .59 44.67 27.13 24.48 22.89 .46
SD 4.25 .52 17.95 5.74 12.14 1.53 .50
α n/a n/a .93 .83 n/a n/a n/a

Note. *p < .05; CRP ¼ C-reactive protein; IL-6 ¼ Interleukin 6; PC ¼ perfec-
tionistic cognitions; BFP ¼ body fat percentage; SEX ¼ respondent sex, 0 ¼ fe-
male & 1 ¼ male; n/a ¼ not applicable because a single item.
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thoughts. Scores on the PCI can theoretically range from 0 to 100, with
scores for the present sample ranging from 6 to 95. The PCI has
demonstrated high internal consistency and validity in both student and
clinical samples (Flett et al., 2004; Flett et al., 1998; Flett et al., 2007).
Internal consistencies for study measures are in Table 1.

Perceived Stress. Perceived stress was measured using the Perceived
Stress Scale (PSS; Cohen et al. (1983)). The PSS consists of 14 items that
assess the extent to which events are appraised as being stressful (e.g., “In
the last month, how often have you felt nervous and ‘stressed’?“; Cohen
et al. (1983)). A 5-point Likert-type scale ranging from 0 (never) to 4 (very
likely) is used to score each item. Cohen et al. (1983) reported Cronbach’s
alphas between .84 and 0.86 across three different samples, and an
adequate test-retest reliability (α ¼ 0.85).
2.3. Biological samples

Participants were instructed to fast for at least 4 h prior to the start of
testing, and to consume no caffeine or alcohol, and not perform any
strenuous physical activity for at least 12 h prior to the start of testing.
Participants were not tested if they were recently sick or identified any
recent antibiotic use. Both IL-6 and CRP were measured in processed
serum. Blood samples were collected from the antecubital fossa of par-
ticipants by a registered nurse into serum separation tubes (SST) (BD
biosciences, #367986, Franklin Lakes, New Jersey, USA). Blood was
allowed to clot for 30 min, and centrifuged at 1500�g for 15 min at 4 �C.
Following centrifugation, serum was aliquoted into single-use specimens
and stored at �80 �C until use. IL-6 was assessed using a multiplex bead-
based assay kit (Bio-Rad, California, USA) according to the manufac-
turer’s suggested protocol (assay range 0.7–12,000 pg/mL and sensitivity
of 0.1 pg/mL). Samples were assayed in duplicate, and fluorescence re-
sults were collected and analyzed using the Magpix system (Luminex
Corporation, Texas, USA). Final concentrations were calculated based on
a standard curve specific to each assay plate, and results are expressed as
pg/mL. Levels of CRP were analyzed using a Human CRP Quantikine
ELISA kit (R&D Systems, #DCRP00, Minneapolis, Minnesota, USA) ac-
cording to the manufacturer’s suggested protocol (assay range 0.8–50
ng/mL and sensitivity of 0.022 ng/mL). Samples were assayed in dupli-
cate and absorbance was measured at 450 nm, with a correction wave-
length of 540 nm. Final concentration was calculated from the respective
standard curve on each plate and results were converted from ng/mL to
mg/L.
2.4. Potential covariates

Body composition including body fat percentage was measured using
air-displacement plethysmography (BODPOD, Life Measurement,
Concord, California, USA). Information on smoking status, clinical
diagnosis of depression, and steroidal and non-steroidal drug use were
3

collected in the self-report questionnaire. Specifically, smoking was
assessed by asking participants to report whether they currently smoked
cigarettes daily, occasionally, or not at all. Self-reported clinical diagnosis
of depression was measured by asking participants to respond to the
following question “Have you ever been diagnosed by a medical pro-
fessional as having depression?“. Finally, participants were asked to
indicate all over the counter and prescribed medications that they had
taken within the past month to determine steroidal and non-steroidal
drug use.

3. Results

Overall, participants were missing information on 0.427 variables on
average (SD ¼ 0.711) (Little, 1988). MCAR test indicated that the data
was missing completely at random (χ2(50) ¼ 50.05, p < .471). The
PROCESS MACRO (Hayes, 2018) was used to conduct multiple regres-
sion which employs listwise deletion for missing data resulting in a
sample of 175 participants for analyses concerning IL-6 and 173 con-
cerning CRP. Univariate outliers (i.e., scores that were more than |3.00|
standard deviations from the mean) were Winsorized, such that the
scores were adjusted to represent z-scores that would have been within 3
standard deviations from the mean, while maintaining rank order to one
decimal place. Results indicated that 28.2% of participants in this sample
had CRP values that were considered relatively high in North American
samples (Pearson et al., 2003). Descriptive statistics and bivariate cor-
relations for all model variables are presented in Table 1.

Analyses concerning potential confounds including cigarette smok-
ing, biological sex, clinical depression diagnosis, steroid drug use,
nonsteroid drug use, and percentage of body fat were conducted next
using correlations, independent sample t tests, or one-way analysis of
variance (ANOVA) as appropriate. Potential confounds with significant
bivariate associations with IL-6 or CRP were included as covariates in all
remaining analyses (if they were associated at p < .10). Results demon-
strated that the only potential confounds related to CRP were respondent
sex (t(159.43) ¼ 4.066, p < .001), such that women (M ¼ 4.43, SD ¼
4.78) had higher levels of CRP than men (M¼ 2.00, SD¼ 3.02); smoking
status (Welch’s F (1,25.95) ¼ 5.12, p ¼ .013) in which daily smokers (M
¼ 5.89, SD ¼ 5.93) had higher levels of CRP than occasional smokers (M
¼ 1.51, SD ¼ 2.16); and body fat percentage (r ¼ 0.53, p < .001), such
that greater body fat was related to elevated CRP. Analyses concerning
steroid drug use (t(171) ¼ 0.23, p ¼ .819), nonsteroid drug use (t(171) ¼
0.34, p ¼ .905) and diagnosis of clinical depression or not (t(171) ¼
�0.88, p ¼ .382) showed that these variables were unrelated to CRP.
Thus, the covariates included in analyses concerning CRP were respon-
dent sex, smoking status, and body fat percentage. Results showed the
only potential confounds related to IL-6 were respondent sex (t(173) ¼
1.98, p ¼ .049) such that women (M ¼ 0.66, SD ¼ 0.54) had higher IL-6
levels than men (M ¼ 0.50, SD ¼ 0.47); body fat percentage (r ¼ 0.32, p
< .001), such that greater body fat was associated with elevated IL-6; and
smoking status (Welch’s F (2, 31.18)¼ 2.61, p¼ .089). However, none of
the pairwise comparisons for smoking status were significant at p < .10.
Nonsteroidal drug use (t(173) ¼ �1.34, p ¼ .183), steroidal drug use
(t(173) ¼ �0.691, p ¼ .490), and diagnosis of clinical depression or not
(t(173) ¼ �0.918, p ¼ .360) shared no relations with IL-6. Thus, only
body fat percentage, smoking status, and respondent sex were included
as covariates in the subsequent analyses.

3.1. Regression analyses

Multiple regression was employed using the PROCESS MACRO
(Hayes, 2018) with SPSS version 26 statistical software to test whether
the links between perfectionistic cognitions and IL-6 or between
perfectionistic cognitions and CRP were moderated by perceived stress
after accounting for the effects of respondent sex, percentage of body fat,
and smoking status. An interaction term for perfectionistic cognitions
and perceived stress was computed by PROCESS. Because composite



Table 2
Bootstrapped Regressions in which CRP and IL-6 were regressed on perfectionistic cognitions, stress, and the interaction between perfectionistic cognitions and stress
after accounting for the effects of respondent sex, smoking status, and body fat percentage.

IL-6 (pg/mL)
R2 ¼ .130

CRP (mg/L)
R2 ¼ .371

b b (bootstrap
mean)

Se(b)
(bootstrap)

95%CI(β)
(bootstrap)

b b (bootstrap
mean)

Se(b)
(bootstrap)

95%CI(β)
(bootstrap)

Perfectionistic Cognitions .001 .001 .002 -.003,.005 .017 .016 .016 -.013, .048
Perceived Stress .004 .003 .007 -.010, .018 .004 .001 .049 -.092, .102
Perfectionistic Cognitions by
Perceived Stress

.000 .000 .000 -.001, .001 .007* .007 .003 .001, .013

Sex -.008 -.009 .088 -.175, .171 -.725 -.712 .545 �1.80, .356
Body Fat Percentage .014* .013 .003 .007, .020 .169* .169 .028 .115, .224
Daily Smoker or Not .277 .276 .197 -.102, .663 3.34* 3.34 1.33 .709, 5.98
Occasional Smoker or Not -.051 -.049 .091 -.227, .127 �1.02 �1.02 .722 �2.42, .442
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variables, such as interaction terms, are correlated with their component
variables, to ease the interpretation and probing of significant in-
teractions, each of the component variables (i.e., perfectionistic cogni-
tions, perceived stress) was centered around their sample mean before
the interaction term was computed (Aiken and West, 1991; Cohen et al.,
2003). Significant interactions were further probed using a series of post
hoc regression equations, referred to as simple slopes analysis (Aiken and
West, 1991).

For both regressions examination of the residuals indicated that the
assumptions of normality and homoscedasticity were not tenable.
Consequently, the HC3 (Hayes and Cai, 2007)
heteroskedasticity-consistent standard error estimator was employed
along with bootstrapping with 5000 bootstrap samples to generate all
estimates for both regressions. Overall, results of the first regression in
which IL-6 was the outcome of interest indicated that the model was
statistically significant (F7,167 ¼ 3.14, p ¼ .039), accounting for 13.02%
of the variance in IL-6. Results indicated that percentage of body fat was
positively associated with IL-6. None of the other associations were sta-
tistically significant (see Table 2).1

Note. *p< .05; Sex¼ biological sex (1¼male); Daily smoker or not (1
¼ daily smoker); Occasional smoker or not (1 ¼ occasional smoker).

Results of the second regression in which CRP was the outcome of
interest indicated that the model was statistically significant (F7,165 ¼
9.346, p < .001), accounting for 37.10% of the variability in CRP. With
respect to main effects, results indicated that percentage of body fat and
daily smoking were positively related to CRP (see Table 2). An interac-
tion between perfectionistic cognitions and perceived stress was also
observed after accounting for the main effects and covariates (see
Fig. 1)1. As hypothesized, results of follow-up simple slopes analyses
revealed that a significant positive relationship existed between perfec-
tionistic cognitions and CRP at high levels (i.e., 1 SD above the mean) of
perceived stress (b ¼ 0.0573, p ¼ .049, 95%CI [0.0003, 0.1143]),
whereas, under low (i.e., 1 SD below the mean) and moderate levels (i.e.,
average levels) of perceived stress, the relationship between perfection-
istic cognitions and CRP was not statistically significant (b¼�.0230, p¼
.289, 95%CI [-0.0656, 0.0196]; b ¼ 0.0171, p ¼ .291, 95%CI[-0.0148,
0.0491], respectively).

4. Discussion

Consistent with the perfectionism diathesis-stress model (Flett et al.,
1995; Hewitt and Dyck, 1986; Hewitt and Flett, 1993), individual dif-
ferences in perfectionistic cognitions were associated with greater
inflammation (i.e., elevated levels of CRP) under high levels of perceived
1 Analyses are presently reported with the inclusion of covariates. However,
analyses were also conducted without potential confounds and there were no
meaningful differences in results when the effects of respondent sex, smoking
status, and body fat percentage were not accounted for in the analyses.
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stress. Perfectionistic cognitions were not related to IL-6 under any
condition of stress. To our knowledge this is the first study to indicate a
positive association between individual differences in perfectionistic
cognitions and low grade inflammation, which is a risk factor for poorer
health and earlier mortality (Harris et al., 1999; Maggio et al., 2006).
These results are important from a construct validation perspective.
Specifically, the current findings demonstrated that perfectionistic cog-
nitions was associated with elevated levels of CRP, whereas other
research has demonstrated that conscientiousness is consistently associ-
ated with lower levels of CRP (Luchetti et al., 2014; M~ottus et al., 2013).
Taken together the findings support the notion that perfectionism reflects
a motivational, cognitive, and behavioural proclivity toward a form of
hyper-conscientiousness that can be differentiated from conscientious-
ness (Flett and Hewitt, 2015).

Importantly, the present results are in keeping with research
demonstrating the negative health effects of perfectionism (Flett et al.,
2012; Molnar et al., 2018). Indeed, research has implicated perfectionism
in experiencing greater health symptoms, poorer self-rated health and a
wide range of health conditions as well as difficulties adjusting to chronic
illness (Kempke et al., 2016; Molnar et al., 2006, 2012; Sirois andMolnar,
2017). A particularly compelling display of the role of perfectionism in
health was provided by Fry and Debats (2009) longitudinal study that
investigated whether perfectionism conferred risk for all-cause mortality.
Their results indicated that self-oriented perfectionism was predictive of
earlier all-cause mortality over a time period of six and half years in a
sample of older adults (i.e., 65 to over 80 years of age), such that people
with high scores on self-oriented perfectionism (i.e., 70th to the 100th
percentile) were at a 51% increased risk of earlier death compared to
people with low scores on self-oriented perfectionism (i.e., 0 to the 30th
percentile). Importantly, these results held after statistically accounting
for the effects of other robust predictors of health problems.

The results from the present work extend these findings in several
intriguing ways. First, research on perfectionism and health has pre-
dominantly concentrated on multidimensional trait perfectionism, typi-
cally measured by inventories such as the Multidimensional
Perfectionism Scale (Frost et al., 1990; Hewitt and Flett, 1991). Unfor-
tunately, other potentially relevant conceptualizations of perfectionism,
such as individual differences in perfectionistic cognitions, have been
overlooked with respect to health outcomes. Our results support the
cognitive theory of perfectionism (Flett et al., 2016, 2018) and previous
empirical research (Flett et al., 2012), by lending credence to the notion
that perfectionists who engage in overthinking focused on their incessant
need to be perfect and flaws are setting the stage for later health prob-
lems. Second, we were able to extend links between perfectionism and
health, which have traditionally been based on self-reported health data,
to intermediate biological markers of health. Thus, biases associated with
self-report health data were mitigated. Importantly, the current findings
are in line with the broader personality literature suggesting that
low-grade chronic inflammation may be one pathway that connects
personality (e.g., individual differences in perfectionistic cognitions) to



Fig. 1. Two-way interaction between perfectionistic cognitions and perceived stress on C-reactive protein.
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broader health outcomes. For example, higher levels of CRP have been
linked with earlier mortality within the context of cardiovascular disease
(Man et al., 2006), and perfectionism has also been implicated in earlier
mortality (Fry and Debats, 2009). Consequently, chronic low grade
inflammation in individuals higher in perfectionism and under higher
levels of stress may confer risk for poorer health outcomes and earlier
mortality.

Current findings also underscore the importance of assessing how
narrower personality traits, such as perfectionism, contribute to inflam-
matory processes, which may allow for more targeted prevention and
intervention efforts. Finally, our research took a theoretically-driven
approach to testing links between individual differences in perfection-
istic cognitions and inflammation by specifically testing these associa-
tions within the context of the perfectionism diathesis-stress model. As
such, it makes a significant contribution to the existing literature on
perfectionistic cognitions and health by not simply testing whether
perfectionism is related to intermediate inflammatory biomarkers of
health, but also testing under what conditions this may be the case. Indeed,
our findings support previous findings illustrating that perfectionism is a
vulnerability for adverse outcomes under higher levels of stress (Dunkley
et al., 2000; Flett et al., 1995; Hewitt and Dyck, 1986; Hewitt and Flett,
1993).

Contrary to expectations, there were no significant links between
perfectionism and IL-6 at any level of stress. To our knowledge there are
no other studies that have specifically assessed these associations.
However, it appears that our results are somewhat at odds with findings
within the context of the broader literature that has examined broader
personality traits in relation to IL-6 that found significant associations for
conscientiousness (Chapman et al., 2011; Luchetti et al., 2014; M~ottus
et al., 2013; Sutin et al., 2010; Wagner et al., 2019), openness to expe-
rience (M~ottus et al., 2013), neuroticism (Sutin et al., 2010), and extra-
version (Wagner et al., 2019). While IL-6 is generally considered a
pro-inflammatory cytokine, its role in anti-inflammatory contexts is also
well-established, pointing to context-specific complexity when consid-
ering IL-6 utility as a biomarker (Scheller et al., 2011). Thus, researchers
are encouraged to replicate these findings in future studies.

The results of this study must be understood within the context of its
strengths and limitations. First, the cross-sectional design of this study
precludes inferences with respect to temporal precedence and causality
concerning associations between perfectionistic cognitions and chronic
5

inflammatory processes. Core vulnerability models of perfectionism
(Hewitt et al., 1996) and the cognitive theory of perfectionism (Flett
et al., 2016, 2018) posit that chronically engaging in perseverative
thinking about the need to be perfect and past failure experiences can
exact a toll on health (Flett et al., 2012, 2016). Indeed longitudinal
studies have established that perfectionism confers risk for later health
problems (Bonvanie et al., 2015; Pritchard et al., 2007; Sumi and Kanda,
2002). However, it is possible that environmental or genetic factors that
give rise to inflammation similarly impact perfectionism. (Reichenberg
et al., 2001), for example, found that experimentally increasing cytokines
such as IL-6 resulted in poorer performance on memory tasks and
elevated negative affect. Thus, multi-wave longitudinal studies of
perfectionism and inflammation are encouraged to address issues con-
cerning temporal precedence.

Second, the differential effects showing that perfectionistic cognitions
were related to CRP under high levels of stress, but not associatedwith IL-
6, point toward investigating other inflammatory markers. Such studies
would be worthwhile in light of research demonstrating that relation-
ships between psychosocial factors and biomarkers vary as a function of
the biomarker under study (O’Donovan et al., 2010; Wagner et al., 2019).
Third, whereas self-report measures of perfectionism are widely used and
have been validated, it would be beneficial for future research to include
informant reports given that previous studies have established that
informant reports add to the incremental predictive utility of perfec-
tionism (Sherry et al., 2013). Fourth, whereas we focused on individual
differences in perfectionistic cognitions given theory and empirical
research, which support that individual differences in perfectionistic
cognitions uniquely set the stage for poorer outcomes over and above
multidimensional trait measures of perfectionism (Casale et al., 2020),
researchers are encouraged to test associations between perfectionism
and pro-inflammatory markers with other measures of perfectionism
such as Hewitt and Flett (1991) or Frost et al. (1990) Multidimensional
Perfectionism Scale. Finally, our study focused on a community sample of
emerging adults given that perfectionism is rising among this age group
(Curran and Hill, 2019) and that research on personality and inflam-
matory markers in this age group is relatively sparse. Indeed, research in
this area tends to focus onmiddle-aged or older individuals (M~ottus et al.,
2013; Turiano et al., 2013; Wagner et al., 2019) though see (Luchetti
et al., 2014) for an exception. However, future studies would benefit
from studying links between perfectionism and biomarkers of health
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across a wider age range to better assess the generalizability of the
findings.

5. Conclusions

In conclusion, these results suggest that individual differences in the
frequency with which individuals experience automatic perfectionistic
thoughts are implicated in inflammatory processes. In keeping with the
perfectionism diathesis-stress model (Flett et al., 1995; Hewitt and Flett,
1993), the results of the present study support the notion that perceived
stress exacerbates links between perfectionistic cognitions and inflam-
mation. Future research could extend the present findings by incorpo-
rating a longitudinal design, including informant reports of
perfectionism, assessing multidimensional trait perfectionism, and
testing associations between perfectionism and pro-inflammatory pro-
cesses with samples that cover a wider range of the lifespan. In sum, this
study meaningfully builds on the extant literature to present a novel
contribution to the growing body of literature on the role of perfec-
tionism in health and to the role of personality in inflammatory pro-
cesses. The present results support clinicians assessing inflammatory
markers in those who appear to be struggling with higher levels of
perfectionism as these markers may be indicative of poorer health out-
comes and indicate an opportunity for intervention.
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