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Abstract
Previous studies conducted in Western cultures have shown that negative emotions predict higher
levels of pro-inflammatory biomarkers, specifically interleukin-6 (IL-6). This link between
negative emotions and IL-6 may be specific to Western cultures where negative emotions are
perceived to be problematic and thus may not extend to Eastern cultures where negative emotions
are seen as acceptable and normal. Using samples of 1044 American and 382 Japanese middle-
aged and older adults, we investigated whether the relationship between negative emotions and
IL-6 varies by cultural context. Negative emotions predicted higher IL-6 among American adults,
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whereas no association was evident among Japanese adults. Furthermore, the interaction between
culture and negative emotions remained even after controlling for demographic variables,
psychological factors (positive emotions, neuroticism, extraversion), health behaviors (smoking
status, alcohol consumption), and health status (chronic conditions, BMI). These findings
highlight the role of cultural context in shaping how negative emotions affect inflammatory
physiology and underscore the importance of cultural ideas and practices relevant to negative
emotions for understanding of the interplay between psychology, physiology, and health.
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1. Introduction
Numerous studies have shown that negative emotions are associated with worse health, such
as cardiovascular disease (e.g., Kubzansky and Kawachi, 2000), cancer (e.g., Penninx et al.,
1998), and even mortality (e.g., Pinquart and Duberstein, 2010). One of the biological
pathways believed to mediate this linkage between negative emotions and health is
inflammation (Everson-Rose and Lewis, 2005; Kiecolt-Glaser et al., 2002). Prior studies
have shown that stress, depressive moods, and negative emotions lead to increased levels of
proinflammatory cytokines (Bower et al.,, 2007; Carroll et al., 2011; Dickerson et al., 2004;
Howren et al., 2009; Kiecolt-Glaser et al., 2007; Marsland et al., 2008; Stewart et al., 2009;
Suarez, 2003), and an activation of inflammatory processes is involved in the development
and pathogenesis of various health problems, such as diabetes (Kristiansen and Mandrup-
Poulsen, 2005) and cardiovascular disease (Ridker et al., 2000). However, most previous
studies have been conducted within Western cultural contexts and thus less is known about
whether these pathways extend to other populations and cultural contexts.

Cultures vary in their ideas and practices relevant to emotions (Mesquita and Leu, 2007;
Tsai, 2007). Historically, Western cultures have valued and encouraged the pursuit of
positive emotions, but construed negative emotions as something to be avoided, and often as
signs of an inability to control one's life (Kotchemidova, 2005; Ryan and Deci, 2001). In
many Asian cultures, on the other hand, there is a philosophical tradition of dialectical
thinking, where reality is considered to be constantly changing and comprised of opposites
(Peng and Nisbett, 1999). For example, happiness and unhappiness are assumed to coexist
and complement each other (Miyamoto and Ma, 2012; Spencer-Rodgers et al., 2010). Thus,
the existence of negative emotions or hardship is accepted and even recognized as necessary
for self-improvement (Heine et al., 1999). Reflecting cultural differences in such beliefs,
cross-cultural research has shown that Easterners are more likely than Westerners to
perceive there are some desirable aspects of negative emotions (Eid and Diener, 2001). For
example, compared to the case in Western cultures, in Eastern cultures, negative emotions
are more likely to be a source of motivation to improve the self (Uchida and Kitayama,
2009) and to invite sympathy and social support from surrounding people (Kitayama and
Markus, 2000). In contrast, Westerners are more likely than Easterners to view negative
emotions as unacceptable and to be avoided (Bastian et al., 2012).

Trying to avoid or reduce negative thoughts or emotions may contribute to the detrimental
effects on mental health (Hayes et al., 1996). Indeed, growing evidence suggests that
acceptance and observation of negative emotions, facilitated by strategies encouraged by
mindfulness training rooted in Eastern religious and philosophical tradition (Kabat-Zinn,
1990; Segal et al., 2002), leads not only to better mental health, but also to better physical
health outcomes (e.g., Davidson et al., 2003; Kabat-Zinn et al., 1985). These findings
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suggest that in Eastern cultural contexts, where negative emotions are less likely to be
perceived as unacceptable or to be avoided and are more likely to be accepted as a
component of normal reality, adverse health concomitants may be less evident compared to
Western cultural contexts.

Cross-cultural studies provide some supporting evidence. A balance between moderate
amounts of positive and negative emotion is associated with fewer physical symptoms in
Japan than in the United States (Miyamoto and Ryff, 2011), indicating that moderate
amounts of negative emotion, coupled with positive emotions, are not maladaptive for health
in Japanese adults. Furthermore, Curhan and colleagues (2013) found that negative emotions
are more closely associated with worse self-reported physical health in the United States
than in Japan, independent of the effect of positive emotions. These findings suggest that
negative emotions may result in poorer health in the United States, but perhaps have more
minimal association in Japan.

Despite the extant evidence, little is known about whether these conclusions extend to
biomarkers of health. Many previous studies conducted in Western cultures indicate chronic
life stress and depressive moods can elevate inflammatory physiology, specifically shown
by focusing on the pleiotropic pro-inflammatory cytokine, Interleukin-6 (IL-6; Howren et
al., 2009; Kiecolt-Glaser et al., 2003; Marsland et al., 2008; Stewart et al., 2009). Thus, a
central question is whether this research conducted in Western cultures will generalize to
Eastern cultural contexts. It is possible the findings will not, given Eastern views of negative
emotions as accepted and inevitable parts of reality, in contrast to the Western views of
negative emotions as distressing, problematic, and maladaptive. In Eastern cultural contexts,
negative emotions may not be as physiologically costly and thus not be predictive of
elevated inflammatory markers and physiological dysregulation.

We hypothesized that negative emotions (after taking into account demographic and health
control variables) would predict higher IL-6 among American adults who perceive the
experience of the negative as problematic and maladaptive. Conversely, we predicted a link
between negative emotions and IL-6 would be weaker among Japanese adults, because
negative emotion is more typically construed as acceptable and a natural part of reality.

2. Materials and methods
2.1. Participants

American respondents were a subset from the Midlife in the United States (MIDUS) survey,
which began in 1995-1996. It is a national probability sample recruited through random digit
dialing. The survey included a telephone interview and a self-administered questionnaire.
Using the same assessments, a follow-up survey was conducted about 9-10 years later
(MIDUS II). In addition, biological data were collected from a subset of the MIDUS II
respondents, who traveled to one of three General Clinical Research Centers (GCRC) for an
overnight visit. The present analyses included 1044 participants for whom IL-6 data were
available (474 males, 570 females; M = 55.3 years). The parallel survey, the Midlife in
Japan (MIDJA), was conducted in 2008 with participants randomly selected from the Tokyo
metropolitan area and completed a self-administered questionnaire. A subset of the MIDJA
respondents was recruited to participate in biological data collection (N = 382; 168 males,
214 females; M = 54.2 years). These respondents visited a medical clinic near the University
of Tokyo. Serum specimens were frozen and shipped to the United States for analysis.
Although American respondents were slightly better educated (M =14.58 years of
education) than were the Japanese respondents (M =13.62 years of education), t(1418) =
6.61, p < .001, both samples were comparable in terms of age, t(1424) = 130, p = .19, and
gender composition, χ2 (N=1426) = 023, p = .63.
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2.2. Negative Emotion
The measures of emotions were collected as part of comprehensive self-administered
questionnaires in both MIDUS II and MIDJA, which were completed prior to biological data
collection. Participants were asked to rate how much of the time during the past 30 days they
felt each emotion (for details about the sources, see Mroczek and Kolarz, 1998) using a 5-
point rating scale: none of the time (1), a little of the time (2), some of the time (3), most of
the time (4), and all the time (5). The negative emotions included the following 6 items: so
sad nothing could cheer you up, nervous, restless or fidgety, hopeless, that everything was
an effort, and worthless. Cronbach's alphas were .85 and .86, for Americans and Japanese,
respectively. Participants' responses to six items were averaged to compute a negative
emotion score.

Following Mroczek and Kolarz (1998), retrospective report over 30 days was used. In
support of this approach, Feldman Barrett (1997) showed that the average of momentary
report of negative (positive) emotions over 90 days strongly predicted the retrospective
report of negative (positive) emotions. However, individual differences have been observed
in the discrepancy between momentary and retrospective report of emotions (Robinson and
Clore, 2002), specifically that individuals high on neuroticism tend to report experiencing
more negative emotions in their retrospective report than in their momentary report, whereas
individuals high on extraversion tend to report experiencing more positive emotions in their
retrospective report than in their momentary report (Feldman Barrett, 1997). We thus
controlled for neuroticism and extraversion to rule out the possibility that cultural
differences in the health correlate of negative emotions were due to personality differences
in retrospective reporting of emotions.

2.3. IL-6
Frozen blood samples were shipped on dry ice from the 3 GCRC sites and from Tokyo to a
single testing laboratory. Serum IL-6 levels were determined by high-sensitivity enzyme-
linked immunosorbent assay (ELISA) (Quantikine, R&D Systems, Minneapolis, MN), with
a lower sensitivity of detection at 0.16 pg/mL. All values were quantified in duplicate; any
value over 10 pg/mL was re-run in diluted sera to fall on the standard reference curve.

2.4. Control Variables
2.4.1. Demographic variables—Age, gender, and years of education were included as
control variables because many biomarkers, including IL-6, have been shown to vary with
such demographic factors (Coe et al, 2011). They were measured as part of the larger
selfadministered questionnaire at MIDUS II and MIDJA.

2.4.2. Positive emotion—Because positive emotions have also been found to predict
immune and hormone functions independently from negative emotions (Lyubomirsky et al.,
2005; Pressman and Cohen, 2005), we included positive emotions as another control
variable when examining the link between negative emotions and inflammation. The
positive emotions included the following 6 items: cheerful, in good spirits, extremely happy,
calm and peaceful, satisfied, and full of life. Cronbach's alphas were .90 and .93, for
Americans and Japanese, respectively. Responses to six items were averaged for each
participant to compute a positive emotion score.

2.4.3. Personality traits—As discussed above, because neuroticism and extraversion
have been linked to the extent to which retrospective reports of emotions are biased
(Feldman Barrett, 1997), we also controlled for neuroticism and extraversion. Participants
rated the extent to which each of the personality traits describe them using a 4-point rating
scale: not at all (1), a little (2), some (3), and a lot (4). Neuroticism included 4 items: moody,
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worrying, nervous, and calm (Cronbach's alphas were .76 and .56, for Americans and
Japanese, respectively). Extraversion included 5 items: outgoing, friendly, lively, active, and
talkative (Cronbach's alphas were .78 and .82, for Americans and Japanese, respectively).
Participants' responses were averaged to compute neuroticism and extraversion scores.

2.4.4. Health behaviors—We also controlled for health behaviors, specifically smoking
status (categorized as never-smoker, former smoker, current smoker, with never-smoker as
referent category) and alcohol consumption (the number of drinks consumed per week),
known to be associated with the level of inflammatory markers (O'Connor et al., 2009;
O'Conner and Irwin, 2010).

2.4.5. Health status—To examine the possible influence of national and cultural
differences in health status, we also included several measures of health status closely
related to inflammation. When participants visited a clinic, they reported whether they had
received a physician's diagnosis of various chronic illness conditions. Among these chronic
conditions, we considered the number of conditions specifically linked to inflammation
(e.g., heart disease, high blood pressure, diabetes; maximum = 9 conditions; Friedman and
Herd, 2010). In addition, the height and weight of participants were measured when
participants visited the clinic, which were used to compute the Body Mass Index (BMI, wt
in kg/h in m2). BMI correlates highly with IL-6 (O'Connor et al., 2009), and there are also
important population differences in BMI (Coe et al., 2011).

2.5. Self-Reported Health
As part of the larger questionnaire at MIDUS II and MIDJA, self-reported health was also
measured; respondents rated their current health status on an 11-point scale, ranging from
the worst possible health (0) to the best possible health (10). Because self-reported health
status has often been used in previous research as a measure of health status (e.g., Pressman
et al., in press), we also examined the association between a self-reported health status and
IL-6.

3. Results
3.1. Analyses Plan

Because distributions of IL-6 and BMI were positively skewed, both values were log-
transformed. To reduce the effect of extreme outliers, a small number of IL-6 scores (29
respondents) and alcohol consumption (29 respondents) were winsorized at three standard
deviations from the mean (within each culture separately). That is, scores more than three
standard deviations from the mean within each culture were replaced with values at the three
standard deviation point from the mean. We first examined the validity of emotion measures
and descriptive statistics. Then, we tested our primary hypotheses by running hierarchical
multiple regression analyses.

3.2. Validity of Emotion Measures Across Cultures
To examine possible cultural differences in the meaning of emotion measures, we computed
the correlation between negative and positive emotion measures and personality traits (Table
1). Consistent with previous theorizing and empirical findings (Costa and McCrae, 1980;
Larsen and Ketellaar, 1991; Watson and Clark, 1992), negative emotion was strongly
associated with neuroticism in both cultures, and positive emotion was strongly associated
with extraversion in both cultures.

At the same time, there were some cultural differences in the strength of the associations
between emotion measures and personality variables. These may be accounted for by
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previous demonstrations that the association between negative and positive emotion differs
across cultures (Bagozzi et al., 1999; Kitayama et al., 2000; Miyamoto and Ryff, 2011).
Specifically, the inverse correlation between negative and positive emotion tends to be
weaker in East Asian cultures than in Western cultures, due to differences in the way
positive and negative emotions are viewed and experienced. To examine the latent construct
being measured by the emotion measures independently from the association between
negative and positive emotion, we controlled for positive and negative emotion in separate
analyses (Table 1). When positive or negative emotions were controlled, there were no
cultural differences in the link between emotion measures and any of the personality
variables. In both cultures, negative emotion was most strongly correlated with neuroticism,
and positive emotion was most strongly correlated with extraversion. These findings suggest
that emotion measures are capturing similar constructs across cultures.

3.3. Descriptive Analyses
Descriptive statistics for all the variables are presented separately for Americans and
Japanese in Table 2. Consistent with our view that experiences of negative emotions are
more accepted in Japanese cultural contexts than in American cultural contexts, Japanese
participants reported experiencing negative emotions more frequently than American
participants did, t(1419) = 6.10, p < .001, though the frequency was low in both the U.S. (M
= 1.48, S.D. = 0.55) and Japan (M = 1.70, S.D. = 0.65). At the same time, individual
differences were evident within each culture with some respondents experiencing negative
emotions quite frequently (the maximum value was 4.83 in the U.S. and 4.33 in Japan). On
the other hand, American participants (M = 3.44, S.D. = 0.70) reported experiencing
positive emotions more frequently than Japanese participants did (M = 3.29, S.D. = 0.75),
t(1418) = 3.54, p < .001.

In addition, as reported previously (Coe et al., 2011), compared to Japanese participants,
American participants had significantly higher levels of IL-6, t(1424) = 14.38, p < .001.
Interestingly, although Japanese participants were twice as likely as Americans participants
to be current smokers, χ2(N=1400) = 35.04, p < .001, and consumed twice as many drink as
American participants, t(1419) = 8.82, p.< 001, Japanese participants had lower BMI
(t(1424) = 10.86, p < .001) and fewer chronic illness conditions than American participants
(t(1424) = 22.59, p < .001).

Furthermore, even though Japanese participants had better health status (i.e., lower BMI and
fewer chronic illness conditions) than American participants, Japanese participants reported
worse health than American participants on the self-reported measure of health, t(1423) =
12.33, p < .001. The self-reported health measure correlated with IL-6 in the United States (r
= -.18, p < .001) but not in Japan (r = -.05, p = .33), and the correlation was significantly
stronger in the United States than in Japan, Z = 2.20, p =.03, suggesting that objective and
subjective measures of health may be more dissociated in Japan.

3.4. Cultural Differences in the Link between Negative Emotions and Inflammatory Markers
To test the primary hypotheses, we conducted several hierarchical multiple regression
analyses. In the first model, culture (represented as a binary variable, U.S. or Japan),
negative emotions, and the interaction between the two were entered. To determine whether
the interaction remained after controlling for other covariates, the demographic variables
were entered into the second model; psychological factors (i.e., positive emotions and
personality variables) were entered into the third model; and health behaviors and health
status measures were entered into the fourth model.
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Summaries of hierarchical multiple regression analyses for IL-6 are shown in Table 3. As
hypothesized, the interaction between culture and negative emotions was statistically
significant, Model 1, b = 0.10, S.E. = 0.03, t(1374) = 3.06, p = .002. The interaction
remained significant after controlling for demographic factors, Model 2, b = 0.09, S.E. =
0.03, t(1371) = 2.89, p = .004, psychological factors, Model 3, b = 0.10, S.E. = 0.03, t(1368)
= 3.09, p = .002, and health behaviors and health status, Model 4, b = 0.07, S.E. = 0.03,
t(1363) = 2.27, p = .023. As shown in Figure 1, negative emotions predicted higher IL-6
among Americans, simple slope b = 0.06, S.E. = 0.02, t(1363) = 2.68, p = .001, but were not
associated with the level of IL-6 among Japanese participants, simple slope b = -0.01, S.E. =
0.03, t(1363) = 0.35, p = .73.

4. Discussion
Previous research based on American and European populations indicates that negative
emotions can aggravate inflammatory processes (Kiecolt-Glaser et al., 2002; Marsland et al.,
2008). The present findings provide evidence for a cultural specificity to this conclusion.
Replicating prior reports, the present study found that negative emotions are linked to
increased levels of the pro-inflammatory cytokine IL-6 among a large national sample of
middle-age and older adults across the United States. Such effects were evident after
controlling for multiple factors known to influence inflammatory markers, including
demographic factors, psychological factors, health status, and life style behaviors. In
contrast, in a comparable sample of middle-age and older adults in Japan, this link between
negative emotions and cytokine biology was not evident. This difference is hypothesized to
reflect cultural differences in how negative emotions are construed – namely, that they are
viewed as more unacceptable and problematic in Western cultures than in Eastern cultures
(Bastian et al., 2012). These findings highlight the role of cultural context shaping how
negative emotions are associated with inflammatory physiology and convey the importance
of taking cultural ideas and practices about the value of negative emotions into
consideration.

The broader implications pertain to many studies in Western countries and cultures showing
that negative emotions are linked with poor health (e.g., Penninx et al., 1998; Pinquart and
Duberstein, 2010). The present research also indicates that negative emotions may not be
universally experienced as adverse in the same way. That is, if negative emotions are not
construed as problematic and maladaptive, how they feed into the pathways to illness and
disease likely needs to be reconfigured with greater awareness about the importance of
cultural context. More research is needed to extend the current analysis to other
inflammatory markers, including acute phase reactants, as well as with other cardiovascular
and neuroendocrine risk factors, in addition to morbidity and mortality, all of which have
been previously linked with emotional states (Carney et al., 2002; Everson-Rose and Lewis,
2005; Kubzansky and Kawachi, 2000). However, in support of the current results, some
papers have already noted that the association between work and life stress and
cardiovascular disease is not as prominent in Japan as in the US and Europe (Martikainen et
al., 2001).

At the same time, a recent study did conclude that both positive and negative emotions are
linked to self-reported health across 142 countries, including both the United States and
Japan (Pressman et al., in press). At first glance, such a finding may seem to contradict the
current findings. We suspect that differences in the measures of health are at least partly
responsible for the appearance of a discrepancy. Whereas Pressman et al. focused on self-
reported health, the present research examined an objective, biological measure, specifically
IL-6. Although self-reported health measures are known to correlate with objective health
measures, including even mortality (McGee et al., 1999), the rating of one's health can also
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be influenced by one's emotional states (Watson and Pennebaker, 1989). Thus, the observed
association between emotions and self-reported health across cultures could be partly due to
shared emotional components that underlie the measures of self-reported health and
emotions. In fact, in the current surveys (i.e., MIDUS and MIDJA), consistent with the
conclusions of Pressman et al., the subjective health measure did significantly correlate with
negative emotions in both the United States (r = -39, p < .001) and in Japan (r = -34, p < .
001). At the same time, the subjective health measure correlated with IL-6 in the United
States but not in Japan, pointing out a possibility that self-reported health status and
objective health status may be dissociated in Japan. These findings highlight the importance
of objectively confirming health status in addition to self-reported health status.

We theorized that negative emotions are less physiologically costly in Japan because
negative emotions are viewed as acceptable and inevitable parts of reality. This is consistent
with the growing evidence on mindfulness training, which shows that practicing skills to
accept and observe negative emotions leads to better mental and physical health (Davidson
et al., 2003; Kabat-Zinn et al., 1985). More acceptant views of negative emotions in Japan
may serve as a buffer against the harmful effects of negative emotions on health. Because
the present study did not directly measure cultural views of negative emotions, it is
important for the future research to examine whether such views serve as a buffer in Japan.
1, 2

Because the present findings are based on cross-sectional data, causal directionality cannot
be readily discerned, in terms of whether national differences in overall health influenced
the differences found for IL-6. However, the analyses did establish that negative emotions
predicted the level of IL-6 differently across cultures even after controlling for preexisting
health conditions. This finding, which was maintained after controlling for the age of
participants, suggests that variation in the observed link between negative emotions and IL-6
is not due to preexisting population level differences in health status. Future research is
needed to examine the temporal precedence of emotions, including perhaps by studies of
similar biomarkers in children and young adults in both countries. Some caution is also
needed because the IL-6 values were based on only a single determination for each
participant. This limitation of relying on a single blood sample is common in most surveys,
and there is some statistical compensation gained by the use of large subject numbers. In
addition, some papers have reported that a single assessment can be representative of IL-6

1We also examined other potential variables that may account for a weaker association between negative emotions and IL-6 in Japan.
Given that social support is more strongly associated with well-being and health in Japan than in the U.S. (Uchida et al., 2008), it is
possible that social support serves as a buffer for harmful effects of negative emotions in Japan. We thus examined whether support
received from spouse and friends moderates the association between negative emotions and IL-6 in Japan. The interaction between
negative emotions and social support was not significant, b = -.01, S.E. = .04, t(256) = 0.19, p = .85, and b = -.01, S.E. = .05, t(332) =
0.31, p = .76, for support from spouse and friends, respectively. In addition, consumption of green tea has been associated with health
benefits, including anti-inflammatory effects (Donà et al., 2003). We examined whether green tea consumption moderates the
association between negative emotions and IL-6 in Japan. The interaction between negative emotions and green tea consumption was
not significant, b = .01, S.E. = .02, t(319) = 0.24, p = .81. These findings suggest that neither social support nor green tea consumption
serves as a buffer against a maladaptive influence of negative emotions on inflammation in Japan.
2Although national and racial differences in the absolute levels of IL-6 did not account for the differential influence of psychosocial
factors on IL-6 in Japan and the US, it is important to acknowledge that several allele and single nucleotide polymorphisms can affect
cytokines and inflammatory responses (Berger, 2004). Thus, there could be a genetic contribution to the current results. The
prevalence of these polymorphisms affecting IL-6 and TNF-α do vary across populations and geographic regions (Lim et al., 2002;
Delaney et al., 2004; Gadelha et al., 2005). The polymorphisms have been associated with individual variation in inflammatory
responses during urinary tract infections, and after cardiac infarction and surgical procedures (e.g., Fishman et al., 1998; Liu et al.,
2006; Yamada et al., 2003), but in general the polymorphisms have less influence on basal secretion of IL-6, the biomarker we utilized
in the present study. In fact, a recent analysis of monozygotic and dizygotic twin participants in MIDUS indicated that IL-6 levels are
more affected by life style and contemporaneous variables, especially related to diet and obesity, than by innate constraints
(Wellington et al., in prep). Cultural differences in how negative emotions are perceived are among the many social and emotional
processes that significantly modulate the day-to-day levels of IL-6 found in the blood stream. Because IL-6 is secreted by many
different tissues and cell types, serving myriad physiological functions (Kishimoto, 2005), it makes sense that its release would be
flexible and responsive to the emotional state of the individual (Cole et al., 2010).
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levels over an extended period of time in both Americans and Chinese samples (Hofmann et
al., 2011; Lee et al., 2007; Rao et al., 1994) as well as to predict myocardial infarction and
diabetes even years later (Pradhan et al., 2001, Harris et al.,1999; Ridker et al., 2000). At the
same time, some have found some variability in IL-6 levels over time (Navarro et al., 2012).
It is thus important for future research to obtain repeated measurements of IL-6 to verify that
the population variation in the links between IL-6 and negative emotion remain stable across
years and in different circumstances for any given individual.

Across cultures, people may generally prefer to feel positive emotions and avoid negative
emotions (Larsen, 2000). However, cross-cultural studies have shown that cultures differ in
the extent to which people believe they should suppress and even deny negative emotions
(Bastian et al., 2012). By showing the cultural dependency of the link between negative
emotions and inflammatory markers, our research demonstrates that cultural contexts not
only shape the subjective experience of negative emotions, but also influence whether
negative emotions exert a physiological toll that contributes to age-related illness.
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Highlights

Reflecting cultural variation in their values, negative emotions predicted increased IL-6
in a national sample of U.S. adults, but not in a comparable sample of Japanese.

Miyamoto et al. Page 13

Brain Behav Immun. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 1.
Cultural moderation of the association between negative emotions and IL-6 after controlling
for gender, age, and years of education, positive emotions, neuroticism, extraversion,
smoking status, alcohol consumption, the number of chronic conditions linked to
inflammation, and log-transformed BMI (Model 5). Negative emotions predicted IL-6 in the
United States, b = 0.06, S.E. = 0.02, t(1363) = 2.68, p = .001, but not in Japan, b = 0.01, S.E.
= 0.03, t(1363) = 0.35, p = .73.
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