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Abstract
The pleiotropic cytokine, interleukin-6 (IL-6), has emerged as a key factor in the biology of aging
and the physiology of inflammation. Yet much of what we know about the normal functioning of
IL-6 has been generated primarily from research on European populations and Americans of
European descent. Our analyses compared IL-6 levels in 382 middle-aged and older Japanese to
the values found in 1209 Caucasian- and African-Americans from the Midlife in the United States
survey (MIDUS). Across the life span from 30–80 years of age, mean IL-6 levels were strikingly
lower in Japanese individuals. Significantly lower levels of C-reactive protein (CRP) and
fibrinogen (FBG) provided confirmatory evidence for a population difference in proinflammatory
activity. Because IL-6 release has been associated with obesity, differences in body mass index
(BMI) were taken into consideration. Japanese had the lowest, and African-Americans had the
highest overall BMIs, but significant group differences in IL-6 persisted even after BMI was
included as a covariate in the analyses. Additional support for distinct variation in IL-6 biology
was generated when systemic levels of the soluble receptor for IL-6 (sIL-6r) were evaluated.
Serum sIL-6r was higher in Japanese than Americans, but was most notably low in African-
Americans. Our cytokine data concur with national differences in the prevalence of age-related
illnesses linked to inflammatory physiology, including cardiovascular disease. The findings also
highlight the importance of broadening the diversity of people included in population studies of
health and aging, especially given the relative paucity of information for some Asian countries and
on individuals of Asian heritage living in the US.
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1. Introduction
Many studies have now documented that old age is associated with a progressive decline in
immune competence, which is often first manifest by signs in peripheral circulation of the
impending dysregulation in cytokine activity (Bruunsgaard et al., 2001; Papanicoloau et al.,
1998; Straub et al., 2000; Sauerwein-Teissi et al., 2000). Specifically, beginning in middle-
aged adults, there may be an incremental rise in several of the proinflammatory cytokines,
especially the ubiquitous IL-6 (Ershler and Keller, 2000; Harris et al., 1999; Wei et al.,
1993). Increases in IL-6 have been shown to be a risk factor for a number of age-related
illnesses associated with inflammation, including cardiovascular disease, diabetes, and
osteoporosis (Loucks et al., 2006; Kristiansen and Mandrup-Poulsen, 2005; Pradham et al.,
2001; Ridker et al., 2000; Tamura et al., 1993; Whooley et al., 2007). An augmentation of
IL-6 in middle-aged and older adults has also been associated with low socioeconomic status
(SES), stressful life events, depression, and obesity (Black, 2003; Koster et al., 2006;
Petersen et al., 2008; Pollitt et al., 2008). Thus, it is perhaps not surprising that several
studies have reported that IL-6 levels tend to be higher in African-Americans than in
Caucasian-Americans, which is then posited as one likely explanation for the racial
differences in morbidity and mortality (Gruenewald et al., 2009; Ranjit et al., 2007; Slopen
et al., 2010). However, our knowledge about the extent of population differences in cytokine
biology is actually quite limited. The primary goal of the following analyses was to extend
this comparative perspective: by assessing IL-6 levels in Japanese adults and comparing the
results to the typical ranges found in Americans who had participated in a representative
national survey (Midlife in the United States [MIDUS], Radler and Ryff, 2010).

The rising epidemic of obesity in industrialized countries is one of the more common
reasons offered for elevated IL-6 levels in otherwise healthy middle-aged adults (Fried et al.,
1998; McLaren, 2007; Xu et al., 2003). In addition to being produced by lymphoid cells, we
now know that adipocytes are a major source of the IL-6 in circulation and further that
activated monocytes present in fat tissue also release cytokines into the blood stream
(Mohamed-Ali et al., 1997; Yamashita et al., 2007). The many different cellular sources of
IL-6, which include hepatocytes, fibrobasts, and endothelial cells, help to explain why it has
been linked to the risk for the Metabolic Syndrome. Because Japanese are traditionally less
likely to be overweight than Americans, a secondary aim of our study was to investigate the
contribution of body mass index (BMI) to any national differences observed in cytokine
biology. In addition, we examined the correlation between IL-6 and two other hematological
markers of inflammation, C-reactive protein (CRP) and fibrinogen (FBG) (Deepa et al.,
2006; Friedlander et al., 2006; Gabay and Kushner, 1999; Yamaguchi et al., 1998). Prior
research on MIDUS participants and on other healthy and patient populations had
demonstrated that there is usually a positive association between IL-6 and CRP as well as
between IL-6 and FBG (Friedman and Herd, 2010; Howren et al., 2009; Tracy et al., 1995).
IL-6 is known to be a primary stimulator of the hepatic production and release of both CRP
and FBG, especially during the acute phase response to infection and injury (Heinrich et al.,
1990; Kopf et al., 1994; Moshage, 1997).

Although most investigators interested in IL-6 assay only the protein levels in circulation,
the functional activity of IL-6 can be strongly influenced by its receptor, which is comprised
of a transmembrane ligand-binding subunit and signaling subunit on cell surfaces. The
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receptor is also found as a soluble form in the blood stream (Jones et al., 2001; Montero-
Julian, 2001; Mulberg et al., 1999). High circulating levels of soluble receptors, which in the
case of sIL6r are1000-fold higher than IL-6 in the nanogram/mL range, may act as a buffer,
attenuating acute over-reactions (May et al., 1992; Rose-John and Heinrich, 1994). It has
been hypothesized that cells will shed the membrane-bound receptor when activated or over-
stimulated by IL-6 for sustained periods of time (Yokoyama et al., 1997). However, the
function of the soluble receptor varies across different types of tissue, and it can also act as
an agonist. The receptor/ligand complex can facilitate uptake of the bound IL-6 into cells
that don’t endogenously express IL6r (i.e., a process described as transsignaling, Jones et al.,
2001; Kallen, 2002). Of more immediate relevance to our aim to investigate population
differences in cytokine activity, prior research has shown that the genetic regulation of IL-6
and its receptor is distinct (Galicia et al., 2004). Each factor is controlled somewhat
independently by actions of different single nucleotide polymorphisms (SNPs). Thus, one
cannot assume that an individual with low or high IL-6 levels in systemic circulation will
necessarily have a similar receptor profile. The polymorphisms, as well as both IL-6 and
sIL-6r, have been used as unique prognostic predictors of disease progression and poor
outcomes in different patient populations (Galicia et al., 2006; Lin et al., 2006; Mehra et al.,
2006; Nakjima et al., 1999; Velez et al., 2008; Yeh et al., 2010)

Japanese immunologists, such as Dr. Tadamitsu Kishimoto, were pioneers in the discovery
of IL-6, and continue to generate seminal findings about its many functions (Kishimoto,
2005, 2010), but there has not previously been a normative study comparing IL-6 levels in
healthy Japanese individuals to other populations. Most articles on IL-6 from Japan instead
tend to focus on clinical abnormalities in patients (e.g., Komatsu et al., 2004; Yamaguchi et
al., 1998). A population-level comparison across countries is logistically challenging
because it requires that samples be analyzed at the same laboratories to preclude differences
in assay methods. In addition to meeting this quality control criterion for the cytokine
measures, the CRP and FBG assays comparing Japanese and Americans were also
conducted by only one laboratory. Thus, it was possible to directly contrast the test results
across the two countries, and to use the CRP and FBG values to validate conclusions about
IL-6. Beyond determining whether there were overall population differences in cytokine
biology, we were interested in discovering if the age-related changes in proinflammatory
activity would be similar, especially if both elderly Japanese and Americans progress toward
higher cytokine levels with age.

2. Methods
2.1. Participants

The biological measures were obtained from randomly selected adult men and women who
were participants in surveys of health and aging in Japan or the United States, Midlife in
Japan (MIDJA) and Midlife in the US (MIDUS), respectively. The 382 MIDJA subjects
were a subset of 1027 adults between 30–79 years of age who had been recruited and
stratified by age and gender to proportionately reflect the 23 neighborhood wards in Tokyo.
Blood and urine were obtained from 37.2% of these MIDJA participants (168 men, 214
women) during visits to a medical clinic near the University of Tokyo. Over 95% were
obtained between 0900–1145, with most of the remainder by 1330, and just 8 in the
afternoon by 1530. Specimens were frozen in an ultracold freezer and shipped on dry ice by
overnight courier for analysis in laboratories in the United States. The mean age of the
MIDJA participants was 55.5 years (+/−14.0 years); approximately half (55%) were
married.

The comparison data for the United States were generated from the second wave of a
longitudinal, national study (Radler and Ryff, 2010). Because the methods for these
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biomarker analyses have been described in detail elsewhere, they are repeated only briefly
here (Love et al., in press). MIDUS was begun in 1995–1996 as a survey of Americans who
were recruited through random digit dialing and included individuals between 25–74 years
of age across 48 states. Subsequently, following a second survey begun in 2004, biological
samples were obtained from a subset of the original participants who consented to an
overnight hospital stay at one of 3 General Clinical Research Centers (GCRC), either in
Madison, WI, Los Angeles, CA, or Washington DC. Love et al. (in press) have already
demonstrated that subjects agreeing to the biological assessment were sociodemographically
similar to the larger survey with respect to age, gender, and marital status, but likely to be
somewhat more educated (although 25% still had attained only a high school degree, while
50% had attended some college). In order to increase the representation of African-
American participants during this second assessment, a city-specific sample was added from
Milwaukee, WI. The current biological data on Americans are based on 1209 adults between
35–86 years of age with complete data (976 Caucasian-American and 233 African-
American, mean age 58.4 and 53.6, respectively). Some analyses pertaining to racial
differences in IL-6 between white and black participants have been reported previously, first
on IL-6 levels in 721 and then on 999 individuals as the data accrued (Friedman and Herd,
2010; Slopen et al., 2010). Males comprised a smaller proportion of the African-American
participants, 32.6% as compared to 45% for Caucasian-Americans and 45% for the Japanese
adults, although still included a large enough number of African-American men (n=76) for
the statistical evaluation of ethnicity effects.

The biological measures for American participants were determined from fasted blood
samples obtained between 0500–0700, with a modal time of 0605. Specimens were
aliquoted and shipped frozen on dry ice to the same two laboratories that conducted the
cytokine, CRP and FBG assays on the MIDJA samples. All sample collections and analyses
were approved by the Health Sciences Institutional Review Board at the University of
Wisconsin-Madison, as well as by the IRBs at UCLA and Georgetown University, and the
comparable review panel at the University of Tokyo for the MIDJA project. All participants
provided informed consent.

2.2. IL-6 and sIL6r
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 curve. The laboratory intra-assay coefficient
of variance (CV) was 4.1% and the inter-assay CV was 12.9% (generated by inclusion of a
low and high IL-6 serum pool in each assay). Sandwich ELISA kits were also employed to
quantify sIL-6r levels (Quantikine, R&D Systems). Sera were diluted 1:100 so values would
fall on the standard reference curve from 7–2000 pg/mL. Thus, the effective assay range was
0.7–200 ng/mL. The intra-assay and inter-assay CVs were 2.0% and 6.9%, respectively.

2.3. CRP and FBG
Briefly, high sensitivity CRP was assessed at Dr. Tracy’s laboratory using a particle-
enhanced immunonepholometric assay (Macy et al., 1997). Polystyrene particles are coated
with monoclonal antibodies to CRP, which in the presence of CRP results in an antigen
agglutinate and increased light intensity that can be measured on a BNII nephelometer
(Seimans Healthcare Diagnostics, Deerfield, IL). The assay range is 0.16–1100; the intra-
assay CV is 2.3–4.4%, and the inter-assay CV ranged from 2.1–5.7%. FBG was also
determined with a BNII nephelometer using a semi-automated modification of the
traditional Clauss method (Tracy et al., 1995). The amount of FBG in the specimen is
quantitatively determined by an immunochemical reaction using antisera to human FBG.
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The intensity of the scattered light is proportional to the FBG concentration. The mean
monthly intra-assay CV is 3.2–5.3%, and inter-assay CV is 2.6%.

2.4. Statistical analyses
The data were analyzed using SPSS PASW (Predictive Analytics Software, version 18).
First, descriptive statistics were generated for all variables (means and SDs for continuous
variables, proportions for discrete variables). Demographic factors, including age, gender
representation and BMI, were compared across the 3 populations using t tests and tests of
significant differences in proportions. Univariate analyses of variance were then employed
to examine the influence of ethnicity, age, and gender on each of the 4 biological outcome
measures (IL-6, sIL-6r, CRP, and FBG). Age was analyzed as a categorical variable
(younger adult: 30–49 yr, older adult: 50–65 yr, old: 66+ yr). Because BMI differed so
dramatically between Japanese and American participants, full factorial models analyzing
for significant effects of ethnicity, age, and gender were run twice, both with and without
BMI as a covariate. Estimated marginal means were computed for the biological measures
by holding BMI at its mean value (although unadjusted means and variance estimates are
shown in the figures to illustrate actual assay results). The influence of ethnicity on IL-6
levels was also tested in one analysis by excluding all obese participants with a BMI over
30. Post hoc testing of significant main effects or interaction terms relied on Tukey’s HSD.
Correlations between IL6, CRP, and FBG were determined with the Pearson statistic.

3. Results
3.1. Demographic information

The demographic composition of the Japanese and American samples is presented in Table
1. As can be seen, the mean ages averaged between 53.6 and 58.4 years across the 3 groups,
with broad coverage spanning adulthood from 30–84 years of age. African-American
participants tended to be 2 years younger on average than the other two groups (p<.001),
although there was extensive overlap in the age distributions. In general, there were more
female than male participants in all 3 groups, and this gender difference was more
pronounced among African-Americans (p<.01), but with adequate numbers of men and
women for the analyses. The most dramatic difference between the 3 population groups was
in the BMIs, which were significantly smaller in the Japanese than Americans (F=191.85,
p<.001). The mean BMI for MIDJA participants was only 22.6, as compared to 29.1 and
32.9 for Caucasian-American and African-American participants, respectively. American
women also tended to have larger BMIs than men, whereas the reverse trend was true for
Japanese, resulting in a significant interaction between Ethnicity and Gender (F=10.93, p<.
001). Because of the large differences in BMI, all statistical models were run twice, with and
without BMI as a covariate, in order to determine the degree to which obesity contributed to
the influence of ethnicity, age, and gender on the biological measures.

3.2. IL-6 and sIL-6r
IL-6 levels differed significantly between the 3 populations, with markedly lower values
found in Japanese participants (F=40.97, p<.001). Even with BMI included as a covariate in
the model, this effect of ethnic group on IL-6 remained highly significant (F=15.92, p<.001).
As can be seen in Fig. 1, African-Americans clearly had the highest IL-6 levels, above both
the Japanese and Caucasian-Americans. In both statistical models, including with BMI as a
covariate, there was also a significant main effect for age, with higher IL-6 levels evident in
older participants (F=7.46, p=.001). Notwithstanding these age-related changes in IL-6,
many younger African-American adults between 30–49 years of age already had
surprisingly high levels of IL-6. If one considers a criterion of 10 pg/mL to be a particularly
high IL-6 value (Yeh et al., 2010), it was notable that 38 American participants (3%)
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exceeded than this level. In contrast only 4 MIDJA individuals in the old category had an
IL-6 value over 10 pg/mL (<1% of participants).

There was also a main effect of ethnic group on sIL-6r levels, which was not lessened by
considering BMI as a covariate (F=51.77, p<.001). However, the direction of this difference
was opposite to the group effects for IL-6. African-American participants had the lowest
sIL-6r levels, below both Caucasian-Americans and Japanese participants. The levels of
sIL-6r in systemic circulation did not appear to be consistently affected either by the age of
participant or gender, nor were they overtly associated with group differences in BMI.

3.3. IL-6 and obesity
Because 44% of American participants were sufficiently overweight to be considered obese,
whereas only 5 of the MIDJA subjects were in this category, the influence of ethnicity was
analyzed after excluding all individuals with a BMI over 30. As can be seen in Figure 2,
Japanese continued to have significantly lower IL-6 levels, even after removing all of the
obese American participants (F=15.59, p<.001). This analysis also indicated a significant
interaction between Gender and Ethnicity, because Japanese females had the lowest IL-6
values, whereas when African-American females had a BMI >30, they had the highest IL-6,
above even the African-American men who typically had the highest values (Fig. 2B).

3.4. CRP and FBG
The analyses of the CRP and FBG data concurred with the IL-6 findings (Fig. 3). Japanese
participants had the lowest CRP values, significantly below Americans (F=38.62, p<.001).
When BMI was included as a covariate in the model, the magnitude of these group
differences was reduced, but remained statistically significant (F=4.90, p<.01). There was
also a main effect of gender on CRP levels, with women having higher overall values than
men, but a significant interaction between Gender and Ethnicity indicated this difference
was more pronounced in American than Japanese participants. The influence of gender on
CRP was also less evident in the statistical model with BMI included as a covariate (F=3.51,
p=03).

When BMI was not included in the model, the occurrence of relatively high CRP values in
so many of the younger, overweight American adults obscured a simple linear effect of age
(see Fig 3). However, when BMI was taken into consideration, the age-related trend for
higher CRP levels in the oldest adults became somewhat clearer (F=2.73, p=.066). Post hoc
tests of the CRP levels in African-American participants confirmed the common occurrence
of elevated CRP values in middle-aged adults. Their high CRP levels mitigated a simple,
linear influence of age, which was more evident in the Japanese participants. Approximately
34% of Japanese participants had such low CRP that their levels were below the lower
sensitivity of detection for our assay (<0.18 mg/L). On the upper end of the distribution,
only 12 (3%) of MIDJA participants had a CRP value over 3 mg/L. In contrast, many
younger adult Americans had CRP levels over 3.0 mg/L, which is typically considered to be
a criterion of health concern (38% of MIDUS adults in the 30–49 age category were above
3.0 mg/L).

The statistical models for FBG were largely confirmatory of the conclusions based on IL-6
and CRP (Fig. 3). Even after taking BMI into consideration, there was a highly significant
difference in FBG between Japanese and American participants (F=13.14, p<.001). Women
tended to have higher FBG than men, but the difference became nonsignificant after
including BMI as a covariate. The more notable finding was a strong influence of increasing
age on FBG. A main effect of age was evident in Japanese and American participants, even
when BMI was included in the model (F=21.61, p<.001). Further, the younger Japanese
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adults had relatively lower FBG levels when compared to equivalently aged Americans,
which resulted in a significant interaction between Age and Ethnicity (F=3.92, p=.004).
Higher FBG values were more typically found only in older Japanese, although at this point,
they were just reaching the average levels seen in younger adult African-American
participants (see Fig 3).

3.5. Correlation between IL-6, CRP, and FBG
The consistent differences in IL-6, CRP, and FBG levels between Japanese and Americans,
and the congruent effect of age, were reinforced by examining the correlations between
these 3 biomarkers. As can be seen in Table 2, IL-6 and CRP levels were significantly
correlated, both across the whole sample and when considered separately for each ethnic
group. Similarly, IL-6 and FBG values were significantly correlated, both when analyzing
MIDJA and MIDUS together, and when examining the data separately for men and women
in each population. Although some associations between the soluble receptor and FBG
reached statistical significance, overall these correlations were less consistent and weaker
(Table 2). The importance of IL-6, and the likely direction of its effect on CRP and FBG,
was indicated further by considering the ratio of IL-6/sIL-6r. Across all participants, and
within each subgroup, the IL-6/sIL-6r ratio was significantly associated with CRP and FBG
(r=0.41, p<.001; r=0.32, p<.001, respectively). That is, high IL-6 in the context of lower
sIL-6r levels in circulation was associated with higher CRP and FBG. In African-American
males, the correlation between IL-6/sIL-6r and CRP reached 0.63 (p<.0001). Even among
Japanese males who generally tended to have low IL-6 levels, the correlation between the
IL-6/sIL-6r ratio and CRP was 0.74 (p<.0001).

4. Discussion
This survey of cytokine biology and two other hematological markers in Japanese adults
living in Tokyo has revealed dramatic differences when compared to the typical values seen
in Americans. Systemic levels of IL-6 in MIDJA participants were significantly below the
average levels for MIDUS, which was comprised of representative participants from a
national survey of middle-aged and elderly Americans. Moreover, the low serum IL-6
values in Japanese adults occurred in the context of relatively high levels of the soluble
receptor. In contrast, African-American participants in MIDUS were found to have
particularly high levels of IL-6 circulating in the presence of lower sIL-6r, which may not be
a healthy profile (Ueda et al., 1999). High levels of IL-6 in middle-aged and elderly people,
whether they are Caucasian, African-American, or Asian, have been reported to be
predictive of subsequent frailty, cardiovascular disease, poorer cognitive functioning, and
ultimate mortality in longitudinal studies (Ferruci et al., 1999; Harris et al., 1999; Ridker et
al., 2000; Yaffe et al., 2003). Moreover, even among Japanese, allele polymorphisms that
are associated with greater IL-6 activity appear to predict the occurrence of lower bone
mineral density and osteoporosis in older individuals (Yamada et al., 2003). The current
findings on higher IL-6 in African-American replicate and extend two prior reports on
smaller subsets of the MIDUS sample, which had focused primarily on the long-term
influence of SES factors and early childhood adversity (Friedman and Herd, 2010; Slopen et
al., 2010). The racial differences in IL-6 from MIDUS also concur with other large
population studies of white and black Americans (Gruenewald et al., 2009).

While a growing number of papers have documented differences in IL-6 and the regulatory
alleles for cytokines in Caucasian- and African-Americans (e.g., Upperman et al., 2005;
Watson et al., 2007), to our knowledge this is the first comparison that extends the
evaluation to simultaneously include an Asian population. Confirmatory evidence to support
that these population differences in IL-6 are biologically meaningful was obtained by
examining CRP and FBG levels, which are well-established predictors of disease risk
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(Friedlander et al., 2006; Kakafika et al., 2007; Tracy et al., 1995). It is known that IL-6 can
be a potent stimulator of CRP and FBG both in healthy individuals and in patients
(O’Donovan et al., 2010; Kanabrocki et al., 1999; Yamaguchi et al., 1998). The significant
correlations shown in Table 2 are in keeping with this view (also, see Howren et al., 2009).
However, the equally important message is that the CRP and FBG levels differed so
markedly between the Japanese and American participants. The low levels evinced by the
MIDJA participants would normally be interpreted as indicative of a better physiological
profile (Ernst, 1990). Thus, both the cytokine and the CRP and FBG results would appear to
concur with the lower prevalence of cardiovascular disease in Japan as compared to the
United States and European countries.

It is possible that variation in the blood collection times--early morning for MIDUS and
mostly mid-morning for MIDJA—may have contributed to the magnitude of the observed
differences (Hermann et al., 2006). Some studies have found that IL-6 is highest during the
sleep phase before awakening (Vgontzas et al., 1999, 2005), although others have failed to
replicate the finding of large diurnal fluctuations in IL-6 levels, except in the context of
sleep disruption, clinical depression, and autoimmune disease (Alesci et al., 2005; Arvidson
et al., 1994, Haack et al., 2002). The extent of the variation from day to night in a healthy
person may be only on the order of 1 pg/mL (Irwin, 2002, p. 508). Conversely, the later
sample collection for MIDJA likely underestimated the extent of population differences in
sIL-6r, because their soluble receptor values would have been even higher at awakening
(Dimitrov et al., 2006). Moreover, temporal effects would not explain the large population
differences in CRP levels, which don’t vary across the day (Meier-Ewert et al., 2001),
although timing could have influenced the magnitude of the differences in FBG. FBG levels
are highest in the morning and tend to decline in the afternoon (Kanabrocki et al., 1999).
With regard specifically to the values for Americans, however, it should be reiterated that
age, gender and race differences, well as the influence of BMI, could not have been affected
by collection time because the nurses consistently obtained all samples at the same time of
day.

Notwithstanding this important methodological issue that is germane to the full extent of the
differences in these biological measures, it is probably more parsimonious to attribute the
salubrious physiology found in Japanese participants to a number of life style factors related
to diet and body weight. For example, it is known that foods that contain phytoestrogens,
such as soy products, can reduce IL-6 levels, and the more frequent inclusion of plant
isoflavones in the Japanese diet may even have anti-microbial actions (Dijsselbloem et al.,
2004). The likely contribution of diet is probably even more evident in terms of overall food
consumption. The BMI values of Japanese were very low when compared to the average
scores for Americans, which included 36% in the overweight and 44% in the obese ranges.
It is known that obesity is associated with proinflammatory physiology, both because
adipocytes are a source of IL-6 and because fat stimulates monocytes and macrophages to
become activated and release cytokines (Beasley et al., 2009; La Cava and Matarese, 2004).
Further, western-style diets that are high in fats and carbohydrates have been shown to
enhance inflammatory responses in animal models (Rivera et al., 2010). Given the very
significant differences in BMI, we included it as a covariate in each of the statistical models
when assessing the influence of ethnicity, age and gender. BMI did contribute some to the
variation in each biological measure, but significant differences between Japanese and
Americans persisted even after taking weight into consideration and excluding values for
obese individuals (as others have found, e.g., Miles et al., 2008).

In fact, for the analysis of FBG, inclusion of BMI as a covariate actually served to clarify the
trend for increased FBG in older participants. The propensity for many younger Americans
to be overweight appeared to have led them to produce higher levels of FBG sooner in
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adulthood. These high levels of FBG and CRP in many Americans are definitely a concern
because both are considered to be risk factors for cardiovascular disease (Ernst, 1990; Tracy
et al., 1995; Whooley et al., 2007). The specific clinical concern for Type 2 diabetes may
differ somewhat across racial groups because there is now evidence that the risk for insulin
resistance in Japanese and some other South Asian populations can occur at a much lower
BMI than in Americans (Mandavilli and Cyranoski, 2004; Rush et al., 2007). Moreover,
based on a study of non-obese Japanese diabetics, IL-6 levels may not contribute as
prominently to insulin-resistance (Taniguchi et al., 2006) as it does in overweight Americans
(Fernandez-Real et al., 2000; Kern et al., 2001).

It is probable that genetic factors accounted for some of these differences in IL-6 between
Japanese and Americans. There is a growing literature on the SNPs that regulate both IL-6
and sIL-6r, demonstrating how they influence the levels found in circulation (Cole et al.,
2010; Watson et al., 2007). The SNPs that promote IL-6 and its receptor are distinct, which
may help to explain why we didn’t see a simple congruence between cytokine level and the
concentration of the receptor across the 3 ethnic groups. If the presence of high IL-6 in the
context of low sIL-6r proves to be prognostic of poor health, then this would be of particular
significance for many African-Americans (Anuurad et al, 2008). Although speculative, some
have argued that a more proinflammatory profile could have been advantageous in other
settings and time periods, especially in regions of the world where malaria was endemic
(Upperman et al., 2005). The potential for a dissociation between IL-6 and sIL-6r levels was
also clearly evident when examining the influence of age in all 3 groups. Neither in Japan
nor in the US were the age-related increases in IL-6 offset by a commensurate rise in the
receptor levels, which remained relatively constant across the life span in these middle-aged
and older adults.

Given that the SNPs for both IL-6 and sIL6r have now been implicated in disease
progression, including for diabetes and certain forms of cancer, and contribute to risk for
adverse pregnancy outcomes and periodontal gum conditions, a better understanding of
population variation is a high priority (Galicia et al., 2004). Several genetic surveys have
already documented that the prevalence of these cytokine-related alleles varies among
African, Asian, Indian, and European ethnic groups (Gadelha et al., 2005). Moreover, the G/
C polymorphism at the promoter region for IL-6 can even affect prognostic risk for poor
outcomes in a differential manner across ethnic groups (Beasley et al., 2009; Berger, 2004).

Finally, it should also be acknowledged that cytokines and inflammatory biomarkers have
been linked to other types of demographic factors, such as educational attainment and
income (Alley et al., 2006; Koster et al., 2006; Morozink et al., 2010; Petersen et al., 2008),
to social integration and alienation (Cole et al., 2007) and to many emotional and stress-
related processes (Cole et al., 2010; Kiecolt-Glaser et al., 2003; Stewart et al., 2009). Thus,
it is tempting to speculate that the differences observed between Japanese and Americans
could reflect some additional cultural and national characteristics. For example, with regard
to other important indices of health, such as cholesterol, the influence of SES tends to be
less pronounced in many Japanese studies than typically found in the US and European
countries (Koster et al., 2005; Loucks et al., 2006; Martikainen et al., 2001). As compared to
the US, Japan tends to be a more homogenous society with a less stratified middle-class,
which could lessen some downstream effects of social factors that promote inflammatory
physiology. Differences in physiology between Japan and the US were already evident in
middle-aged adults, but the persistence of large differences in the oldest participants over 65
years of age may prove to be more clinically important. The healthier physiological profiles
captured by our MIDJA survey may help to explain why the citizens of Japan have the
longest life expectancy worldwide. Therefore, Japan is a country of special interest for
investigating the influence of psychosocial and cultural factors on the biology of aging.
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Fig. 1.
Mean (+SE) levels of interleukin-6 (IL-6) and soluble interleukin-6 receptor (sIL-6r) for
MIDJA and MIDUS participants. Portrayed for 3 age categories: 30–49, 50–65, and older
than 66 years). Japanese had significantly lower IL-6 levels than Americans. IL-6 was
highest in African-Americans, already evident in younger adults in the context of the lowest
systemic levels of sIL-6r.
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Fig. 2.
The influence of ethnicity and gender on IL-6 values before and after excluding individuals
with a BMI >30. Significant differences between Japanese and Americans were evident in
both analyses, although average IL-6 levels for Americans were higher when obese
individuals were included.
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Fig. 3.
Mean (+SE) levels of CRP and FBG across adulthood. Japanese participants had remarkably
low CRP, whereas African-Americans had the highest CRP and FBG values. High CRP in
many younger African-Americans obscured a simple age-related increase that was more
evident and linear in Japan.
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Table 1

Demographic characteristics and mean biomarker values for Japanese and American participants (MIDJA and
MIDUS).

Japanese (n = 382) Cau-American (n = 976) Afr-American (n = 233)

Gender1

 Male 168 (44.0%) 445 (45.6%) 76 (32.6%)

 Female 214 (56.0%) 531 (54.4%) 157 (67.4%)

Mean Age2 (at clinic visit) 55.5 (14.0) 58.4 (11.7) 53.6 (10.4)

Mean BMI3 (SD) 22.58 (2.96) 29.06 (5.84) 32.88 (8.57)

Mean IL-64 (SD) (pg/mL) 1.70 (1.99) 2.79 (2.30) 4.16 (3.72)

Mean sIL6r5 (SD) (ng/mL) 37.91 (9.55) 36.66 (10.27) 28.48 (7.93)

Mean CRP6 (SD) (mg/L) 0.75 (2.00) 2.71 (4.36) 4.50 (6.31)

Mean FBG7 (SD) (mg/dL) 319.1 (64.1) 339.5 (83.1) 388.0 (96.7)

1
Afr-Amer sample had proportionately more women and fewer men than the Cau-Amer and Japanese (p<.01). For all 3 groups, there were more

female participants.

2
Although age ranges were similar, Cau-Americans were slightly older and the mean age of Afr-Americans was 2 years younger than Japanese

(p<.001)

3
Japanese had significantly smaller BMIs (p<.001), and Cau-Americans were less overweight than the Afr-Americans (p<.001)

4
Japanese had significantly lower IL-6, and Afr-Amer were significantly above Cau-Americans (p<.01)

5
sIL-6r levels in Japanese were above Afr-Amer (p<.001), but not significantly above Cau-Amer (p=.52)

6
CRP in Japanese was dramatically below American values (p<.001); CRP in Afr-Americans was the highest (p<.001)

7
FBG in Japanese was below Americans (p<.001), and the levels in Afr-Americans were significantly above Cau-Americans (p=.026)
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