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Background: Obesity affects the pathogenesis of various chronic diseases, including asthma. Research on
correlations between obesity/BMI and eosinophilic inflammation in asthma has yielded contradictory
results, which could be partly ascribed to the absence of epidemiological data on the correlations. We
aimed to elucidate the correlations between blood eosinophil count, its genetic backgrounds, and BMI in
the general population.
Methods: This community-based Nagahama study in Japan enrolled 9789 inhabitants. We conducted
self-reporting questionnaires, lung function tests, and blood tests in the baseline and 5-year follow-up
studies. A genome-wide association study (GWAS) was performed in 4650 subjects at the baseline and
in 4206 of these at the follow-up to determine single-nucleotide polymorphisms for elevated blood
eosinophil counts. We assessed the correlations between BMI and eosinophil counts using a multifaceted
approach, including the cluster analysis.
Results: Eosinophil counts positively correlated with BMI, observed upon the interchange of an
explanatory variable, except for subjects with the highest quartile of eosinophils (�200/mL), in whom
BMI negatively correlated with eosinophil counts. GWAS and human leukocyte antigen (HLA) imputation
identified rs4713354 variant (MDC1 on chromosome 6p21) for elevated eosinophil counts, independent
of BMI and IgE. Rs4713354 was accumulated in a cluster characterized by elevated eosinophil counts
(mean, 498 ± 178/mL) but normal BMI.
Conclusions: Epidemiologically, there may be a positive association between blood eosinophil counts and
BMI in general, but there was a negative correlation in the population with high eosinophil counts.
Factors other than BMI, particularly genetic backgrounds, may contribute to elevated eosinophil counts in
such populations.
Copyright © 2019, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
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Obesity, a major public health concern, is a critical risk factor for
the onset of asthma and severe disease with altering response to
therapy, especially glucocorticosteroids1; this is primarily ascribed
to mechanical and physiological changes, such as a reduction in the
functional residual capacity and airway calibers, but also to
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systemic inflammation.1e3 Traditionally, systemic inflammation in
obesity is considered to be associated with macrophages and
neutrophils, also true for asthma.4

Meanwhile, in severe asthma, Desai et al. reported higher
eosinophil counts in the airway submucosa and sputum
interleukin-5 levels in obese asthmatics compared with leaner
counterparts.5 Reportedly, anti-interleukin-5 antibody was the
most effective in obese severe asthmatics with relatively increased
blood eosinophils (�150/mL) and reversible airways.6 Previously,
epidemiological studies have reported that overweight or obesity is
a risk factor for blood eosinophil >2% in a population with normal
lung function.7,8 In addition, metabolic syndrome is associated with
increased white blood cell (WBC) count, including eosinophils.9,10

Thus, eosinophilia can coexist with overweight or obesity.
Conversely, higher blood eosinophil count correlates with leaner
patients with asthma.11 Moreover, higher serum periostin levels,
another marker of eosinophilic/type 2 inflammation,12,13 are
related to the lower BMI in the general population14e16 and patients
with asthma.16e18 Considering these conflicting findings overall,
the correlations between BMI/obesity and eosinophilic/type-2
inflammation might not be unidirectional. Indeed, at least, two
distinct phenotypes with different age onset are reported in obese
asthma.2 A study reported that obese uncontrolled asthma was
characterized by earlier-onset asthma, higher levels of exhaled ni-
tric oxide, and more severe airway hypersensitivity, compared with
obese controlled asthma.19 Likewise, among two groups of asth-
matics with eosinophilic airway inflammation and relative steroid
insensitivity, one group was characterized by high BMI.20 To
elucidate these complicated and heterogeneous correlations be-
tween BMI/obesity and eosinophilic inflammation in asthma,21

evidence on their correlations in the general population is essential.
This large-scale, general population study aims to elucidate the

correlations between BMI/obesity and blood eosinophil counts by a
multifaceted and longitudinal approach. We hypothesized that an
increase in BMI generally contributes to an increase in blood
eosinophil counts; however, non-eosinophilic inflammation might
overwhelm in subjects with severe obesity. Meanwhile, subjects
with eosinophilia would exhibit low or normal BMI, in whom eo-
sinophils could be determined by other factors such as genetic
backgrounds22 rather than by BMI.

Methods

Genotyping and genome-wide association study and human
leukocyte antigen imputation

We extracted the deoxyribonucleic acid (DNA) from peripheral
blood samples by the phenolechloroform method and analyzed
using a series of BeadChip DNA arrays as follows: Human610k-
Quad, HumanOmni2.5-4, HumanOmni2.5-8, HumanOmni2.5s,
and HumanExome (Illumina, San Diego, CA). In addition, the gen-
otyping quality was assured by excluding single-nucleotide poly-
morphisms (SNPs) with a call rate <99%, minor allele frequency
<0.01, or extreme deviation from the HardyeWeinberg equilibrium
(P < 1.0 � 10�7) in each DNA array, followed by combining geno-
types for the common SNPs among all the DNA arrays. We
confirmed the cryptic relatedness and ethnicity using the identity-
by-descent estimates and the principal component analysis (PCA)
using the PLINK ver. 1.9 software, respectively. For the PCA, we used
SNPs independent of one another among genotypes, including
those obtained by our genome-wide association study (GWAS) and
from HapMap data (http://www.hapmap.org) of Utah residents
with Northern and Western European ancestry from the CEPH
collection (CEU), Japanese in Tokyo, Japan þ Han Chinese in Beijing,
China (JPT þ CHB), and Yoruba in Ibadan, Nigeria (YRI). Among
these independent SNPs, the SNPs of the first and second principal
components were applied to ethnic discrimination. Next, we
repeated the PCA using independent SNPs from our genotype data
and JPT þ CHB data to discriminate the subjects with Japanese
ancestry from those with non-Japanese East-Asian ancestry.

The imputation included 4615 variantsd3848 SNPs, 645 HLA
amino acids, 53 two-digit HLA alleles, and 69 four-digit HLA alleles.
The pan-Asian panel (n ¼ 530) was used as a reference. For the
accuracy of the imputation, we excluded imputed SNPs with
R2dosage <0.8 from the analysis. In this study, we considered
P � 1.08 � 10�5 (0.05/4615, Bonferroni correction) as statistically
significant.

Cluster analysis

For the cluster analysis, we used the following five variables:
total cholesterol (T-Chol), smoking history (current- or ex-smoking
vs never smoking), high-density lipoprotein (HDL), hemoglobin
A1c (HbA1c), and blood eosinophil counts; these variables were
reduced from the following 12 variables according to the PCA: age,
gender, smoking history, BMI, blood neutrophil counts, blood
eosinophil counts, serum total IgE, T-Chol, HDL, low-density lipo-
protein (LDL), and HbA1c levels.

Study participants and measurements

The Nagahama Prospective Genome Cohort for Comprehensive
Human Bioscience (The Nagahama Study) is a community-based
prospective cohort study23,24 in which subjects were enrolled
from the general population of Nagahama (125,000 inhabitants) in
the Shiga Prefecture, Central Japan, from November 2008 to
November 2010.

The inclusion criteria were as follows: age 30e74 years, able to
live independently, and no current serious diseases or physical
impairment. Overall, 9804 residents voluntarily participated in the
study and underwent self-reported questionnaires, physical ex-
aminations, lung function test, and blood tests, including glycolipid
metabolisms, serum total IgE levels, and genetic analyses, at
enrollment. The presence of asthma was determined with the use
of a self-reported questionnaire by an affirmative response to the
question “Have you ever experienced an asthmatic episode since
becoming an adult?” Of the 9804, 14 withdrew consent later, and 1
was excluded because of the missing blood eosinophil data. Thus at
the baseline, the total number of current cohort participants was
9789. After 5 years of the baseline, the participants in this Naga-
hama cohort were invited to a follow-up assessment, from
November 2013 to November 2015. Overall, 8308 subjects partici-
pated in the follow-up study. Excluded from the follow-up assess-
ment were individuals who had migrated from Nagahama. We
performed examinations similar to those at the baseline, except for
the serum total IgE measurement. This study confirms the stan-
dards of the Declaration of Helsinki. The Ethics Committee of the
Kyoto University Graduate School of Medicine (Kyoto, Japan) and
the Nagahama Municipal Review Board approved this study pro-
tocol (Registry ID G0278). We obtained written informed consent
from all the participants.

Genotyping and genome-wide association study and human
leukocyte antigen imputation

In the genome-wide association study (GWAS) for elevated
blood eosinophil counts, 99,065 single-nucleotide poly-
morphisms (SNPs) were genotyped for 4650 subjects at the
baseline, of whom 16 were estimated as non-Japanese eastern
Asian ethnicity by the principal component analysis (PCA; see

http://www.hapmap.org
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Supplementary Methods). Of these, the GWAS was repeated at the
follow-up study in 4206 subjects. The detailed methods are
described elsewhere25 and in the Supplementary Methods. The
correlations between the SNPs and eosinophil counts were
assessed by the linear regression analysis under an additive ge-
netic model adjusted for age and gender. We considered
P � 5 � 10�7 (0.05/99,065, Bonferroni correction) in the baseline
study as statistically significant in this study. In addition, we
performed the human leukocyte antigen (HLA) imputation using
the SNP2HLA for variants located within the major histocompat-
ibility complex (MHC) regiondchr 6: 29e34 Mbp on build 36.26 A
validation study in an independent population (n ¼ 1254) was
conducted to assess a possible correlation between eosinophil
counts and a genetic variant. This population was also part of the
Nagahama study, but was newly examined for genetic back-
grounds in addition to the analysis of the 4650 subjects in the
discovery cohort.

Statistical analysis

In this study, JMP version 12 (SAS Institute Inc., Tokyo, Japan)
was used to perform the statistical analyses.

First, we used the regression analysis to examine the distribu-
tions of blood granulocyte counts (dependent variables) against
BMI (independent variable). Then, the distribution of BMI (depen-
dent variable) against blood eosinophil counts (independent vari-
able) was assessed. Using data at the baseline and follow-up
examinations, the correlations between changes in blood eosino-
phil counts and changes in BMI during the follow-up period were
examined by the regression analysis. The distribution of serum total
IgE concentrations and peripheral blood absolute eosinophil counts
were skewed, which were logarithmically transformed for the
regression analysis.

We then used the K-means method to perform the cluster
analysis, and the best cluster number was evaluated according to
the cubic clustering criterion (SAS Institute Inc.). We assessed the
differences in characteristics among clusters by ANOVA,Wilcoxon's
rank-sum test, and c2 test, appropriately. The data are presented as
means ± SDs, if not otherwise specified.

Detailed methods are described in the Supplementary Methods.

Results

Participants' characteristics

Table 1 summarizes the characteristics of the 9789 participants.
The average BMI was 22.3 ± 3.3 kg/m2, peripheral blood neutrophil
counts were 3396 ± 1203/mL, and peripheral blood eosinophil
counts were 155 ± 128/mL (Table 1).
Table 1
Participants' characteristics at the baseline.

Indices

Age, years 53.6 ± 13.4
Sex, male/female, % 33/67
BMI, kg/m2 22.3 ± 3.3
Smoking history, never/ex/current, % 65/20/15
Asthmay, þ/�, % 4/96
Allergic rhinitisy, þ/�, % 35/65
Blood neutrophil counts,/mL 3396 ± 1203
Blood eosinophil counts,/mL 155 ± 128

The data at enrollment are presented in this table. The data are presented as
means ± SDs.

y Determined by self-reporting questionnaires.
Associations between blood indices, asthma and BMI

Blood neutrophil counts positively correlated with BMI
(P ¼ 2.2 � 10�21; Supplementary Fig. 1); this correlation remained
after the adjustment for age, gender, smoking history, and blood
WBC counts (P¼ 4.7� 10�19).When a quadratic equation that alsofit
the datawas applied, coefficients of both BMI and BMI2 were positive
(data not shown), suggesting that blood neutrophil counts increased
in an accelerated manner as BMI increased. Similarly, blood eosino-
phil counts positively correlated with BMI (P ¼ 1.1 � 10�51; Fig. 1);
this correlation remained after the adjustment for confounders
(P ¼ 9.6 � 10�20; Table 2), including serum total IgE that was also
positively related to BMI (Supplementary Fig. 2). However, when a
quadratic equation was applied, a coefficient of BMI2 was negative,
and the vertex of the quadratic equationwas located at around 40 kg/
m2 of BMI and 171/mL (95% confidence interval: 139e211/mL) of eo-
sinophils. Among the metabolic indices, while serumHbA1c and LDL
levels positively, HDL and T-Chol levels negatively correlated with
blood eosinophil counts (Supplementary Table 1). Lastly, higher BMI
was associated with the presence of self-reported asthma, after the
adjustment for age, gender, smoking history, blood neutrophil
counts, eosinophil counts, and serum total IgE [estimate (95% con-
fidence interval), 0.037 (0.006e0.067), P ¼ 0.016].

Distribution of BMI against blood eosinophil counts

Next, we assessed BMI distribution against blood eosinophil
counts. As anticipated, BMI positively correlated with eosinophil
counts (P ¼ 1.1 � 10�51; Supplementary Fig. 3), even after the
adjustment for age, gender, smoking history, blood WBC counts and
total IgE level (P¼ 7.3� 10�20; Table 3A). However, whenwe divided
all the subjects into quartiles based on blood eosinophil counts, BMI
negatively correlated with blood eosinophil counts in the highest
quartile group of eosinophils (eosinophil � 200/mL) (P ¼ 0.0099;
Fig. 2), which was confirmed after the correction of confounders
(P ¼ 0.001; Table 3B). When the analysis was confined to subjects
with self-reported asthma and elevated eosinophil counts (�200/mL)
(n ¼ 174), negative correlation between BMI and blood eosinophil
counts, albeit marginally (P ¼ 0.056), was observed.

Cluster analysis and longitudinal observation

The cluster analysis of all the participants yielded nine clusters,
the number of which was determined according to the cubic
Fig. 1. The distribution of blood eosinophil counts against BMI. Red line, the linear
regression line; green curve, the quadratic regression curve.



Table 2
The contribution of the BMI to blood eosinophil countsy, adjusted by age, gender,
smoking history, blood WBC counts, and serum total IgE level.

Indices Estimate (95% CI) P

BMI, kg/m2 0.01 (0.007e0.011) <0.0001
Age, by 10-year old increase �0.01 (�0.02 to �0.01) <0.0001
Gender (male) 0.02 (0.01e0.03) <0.0001
Smoking history (current or ex) 0.02 (0.01e0.03) <0.0001
WBC counts, by 2000/mL increase 0.09 (0.08e0.09) <0.0001
Serum total IgE, IU/mLy 0.11 (0.1e0.12) <0.0001

R2 ¼ 0.14, P < 0.0001

WBC, white blood cells.
y Log-transformed.

Table 3A
The contribution of blood eosinophil counts to BMI, adjusted by age, gender,
smoking history, blood WBC counts, and serum total IgE level.

Indices Estimate (95% CI) P

Eosinophil countsy 0.95 (0.74e1.1) <0.0001
Age, by 10-year old increase 0.37 (0.32e0.41) <0.0001
Gender (male) 0.73 (0.65e0.82) <0.0001
Smoking history (current or ex) �0.17 (�0.25 to �0.09) <0.0001
WBC counts, by 2000/mL increase 0.57 (0.49e0.65) <0.0001
Serum total IgE, IU/mLy 0.03 (�0.08 to 0.14) <0.0001

R2 ¼ 0.11, P < 0.0001

WBC, white blood cells.
y Log-transformed.

H. Sunadome et al. / Allergology International 69 (2020) 46e52 49
clustering criterion. Since one cluster was too small to analyze
(n ¼ 27), we excluded it from the analysis. Finally, we included
eight clusters for the further analysis (Fig. 3). Of the eight clusters,
one was characterized by eosinophilia (498 ± 178/mL), the presence
of self-reported asthma, and normal BMI (22.4 ± 3.3 kg/m2; Cluster
5 in Fig. 3 and Supplementary Table 2). In the “eosinophilic” cluster,
BMI exhibited a negative correlation with blood eosinophil counts
(P ¼ 0.049), in contrast to other 7 clusters.

Further, we conducted a follow-up study in 8308 participants
after 5 years. The average changes in BMI and blood eosinophil
counts were þ0.1 ± 4.6 kg/m2 and �11 ± 122/mL, respectively. We
assessed the correlations between changes in BMI and those of
eosinophil counts. In all the participants, the changes in BMI
positively correlated with changes in eosinophils (P ¼ 1.5 � 10�7;
Table 4). This correlation persisted after the adjustment for age,
gender, smoking history, and WBC counts at the follow-up.
Meanwhile, the changes in BMI were not related to changes in
eosinophils in “eosinophilic” cluster (P ¼ 0.8; Table 4).
Fig. 2. The distribution of BMI were negatively related to subjects in the fourth qua
GWAS and HLA imputation for blood eosinophil counts

In the baseline study, the GWAS identified 15 SNPs with P
value � 5 � 10�7 on chromosome 6p21 in the MHC region, which
correlated with eosinophil counts (Supplementary Table 3). Among
these, rs2394392 exhibited the lowest P value (2.38 � 10�8). In the
follow-up study, all of the 15 SNPs exhibited statistical significance
with P� 0.003 (0.05/15, Bonferroni correction). Previously reported
SNPs of rs1420101 located in IL1RL1 on 2q11, rs4857855 in GATA2
on 3q21, and rs4143832 in IL5 on 5q2322 were unrelated with
higher eosinophil counts in this study.

To further localize the potential variants responsible for
increased blood eosinophils in the MHC region, we conducted the
HLA imputation and identified rs4713354 in MDC1 on 6p21.33,
coding mediator of deoxyribonucleic acid (DNA) damage check-
point 1 (MDC1) protein, with the lowest P value (b ¼ 0.14;
P¼ 2.17� 10�8) (Fig. 4). According to the validation study, we found
a significant and positive correlation between the incidence of the C
allele of rs4713354 and eosinophil counts (b ¼ 0.14; p ¼ 0.02). The
frequencies of alleles A and C in the validation studywere 77.7% and
22.3%, which were similar to those in the discovery cohort, 78.4%
and 21.6%, respectively. All genotyped data were in
HardyeWeinberg equilibrium. In addition, we identified 2 two-
digit HLA alleles, 3 four-digit HLA alleles, and 5 amino acid vari-
ants, all for HLA class I. However, none of them exceeded the P value
of rs4713354 (Supplementary Table 4), and when conditioning on
rs4713354, other SNPs, HLA alleles, and amino acid variants lost the
statistical significance.

Lastly the impact of the risk C allele of rs4713354 on increased
eosinophil counts remained significant after the adjustment for
BMI, smoking history, WBC counts, and serum total IgE in addition
to age and gender (P ¼ 2.92 � 10�9). The C allele of rs4713354 was
accumulated in the “eosinophilic” cluster with allele frequency of
27%, while frequency of C allele was 22% in all the participants.
Frequency of subjects having C allele was 47% in this cluster,
whereas it was 38% in all the participants (Supplementary Table 2).

Discussion

To the best of our knowledge, this is the first study to elucidate
nonlinear, nonuniform correlations between BMI and eosinophil
counts in the general population, which might provide epidemio-
logical evidence to comprehend conflicting findings in asthma.
Corroborating the established evidence that obesity correlates with
chronic low-grade neutrophilic inflammations,27 blood neutrophil
counts elevated in an accelerated manner as BMI increased. This
rtile of blood eosinophil counts (�200/mL). Red line, the linear regression line.



Table 3B
The contribution of blood eosinophil countsy to BMI in each quartile of blood eosinophil counts.

Eosinophil range First Quartile Second Quartile Third Quartile Fourth Quartile

0e70/mL 70e120/mL 120e200/mL �200/mL

n ¼ 2461 n ¼ 2454 n ¼ 2427 n ¼ 2447

Estimate (95% CI) 1.5 (0.9e2.1) 2.7 (0.8e4.5) �1.3 (�3.3 to 0.8) �1.6 (�2.5 to �0.6)
P <0.0001 0.005 0.2 0.001

Adjusted by age, gender, smoking history, white blood cell counts, serum total IgE.
y Log-transformed.

Fig. 3. The distribution of eight clusters on the axes of BMI and blood eosinophil
counts. Circle size, the number of subjects in each cluster. Circle numbers, the cluster
numbers in Supplementary Table 2.

Fig. 4. Correlation plots between variants and increased peripheral eosinophil counts.
White circles, representing elog10 (P values) of SNPs identified in the baseline and
follow-up GWAS. Red circles, representing each variant including SNPs, HLA and amino
acids identified in the HLA imputation. Diamond, rs4713354, which exhibited the
lowest P value. Dotted line, the threshold for the imputation significance, elog10
(1.08 � 10�5) ¼ 4.97. HLA, human leukocyte antigen.
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study revealed that eosinophil counts also increased as BMI
increased until reaching a plateau at around 40 kg/m2, whereas in
subjects with eosinophilia (eosinophil� 200/mL), eosinophil counts
negatively correlated with BMI. Finally, GWAS and HLA imputation
identified a correlation between the rs4713354 variant and
elevated eosinophil counts.

In spite of the traditional recognition that obesity is indepen-
dent of type-2/eosinophilic pathways, some smaller epidemiolog-
ical studies9,10 demonstrated positive correlations between blood
eosinophil counts and BMI or metabolic syndrome. In a larger
sample size, we reported that blood eosinophil counts generally
increased as BMI increased, which corroborates a recent report
from the Netherlands.8 In addition, consistent with a previous
study, glycolipid metabolites correlated with higher blood eosino-
phil counts in this study.10 This epidemiological evidence sub-
stantially supports the possible coexistence of obesity, metabolic
changes, and eosinophilic inflammation. One of the potential
Table 4
Contributions of changes in BMI to those in eosinophilsy.

Indices All participants (n ¼ 8211)

Multivariate analysis

Estimate (95% CI)

⊿BMIy 0.99 (0.6e1.4)
Agez, by 10-year old increase 3.7 (2.1e5.3)
Gender (male) 2.5 (�0.3 to 5.4)
Smoking history (current or ex)z 0.7 (�2.3 to 3.5)
⊿WBCy �0.4 (�0.5 to �0.3)

WBC, white blood cells.
y Defined as data [(at baseline e at follow-up)/at baseline] � 100 (%).
z Data at the follow-up study.
mechanisms underlying the positive correlation between blood
eosinophil counts and BMI could be attributed to elevated leptin
levels in overweight/obese subjects, although we did not measure
adipokines, including leptin in this study. Reportedly, leptin is
released from adipocytes and exerts various effects on inflamma-
tion and immune system,28 such as the suppression of the
apoptosis of eosinophils,29,30 as well as neutrophils, and the pro-
motion of type-2 inflammations.31 Briefly, overweight/obese and
Eosinophilic cluster (n ¼ 511)

Multivariate analysis

P Estimate (95% CI) P

<0.0001 0.14 (�0.87 to 1.2) 0.8
<0.0001 1.5 (�2.7 to 5.7) 0.49
0.08 2.2 (�4.8 to 9.2) 0.54
0.64 �4 (�11 to 2.9) 0.25
<0.0001 �0.5 (�0.7 to 0.3) <0.0001
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its metabolic changes could contribute to mild-to-moderate
increment in eosinophil counts, which is replaced by accelerated
neutrophilic inflammation in severe obese subjects, as is repeatedly
reported in obese asthma.4,32

When assessing the impact of blood eosinophil counts on BMI,
blood eosinophil counts negatively correlated with BMI in subjects
with eosinophilia or the “eosinophilic” cluster. The negative cor-
relation was also observed, when the analysis was confined to
subjects with self-reported asthma. This epidemiological finding
supports previous studies reporting negative correlations of BMI
with blood eosinophil counts in asthma11 or with serum periostin
levels in the general population14,15 and in patients with
asthma.16,18 In this study, the mechanisms underlying the negative
correlation between eosinophil counts and BMI in subjects with
high eosinophils remain unclear. As a potential mechanism,
although speculative, Brestoff et al. recently reported that eosino-
phils and type-2 cytokines induced M2-macrophages in the adi-
pose tissue, which induced differentiation of white adipocytes into
beige adipocytes. Furthermore, epinephrine/norepinephrine from
beige adipocytes shifts the energy storage to emanation in the
mitochondria and, then, leads to the suppression of obesity.33

In the GWAS, we determined several risk variants in the MHC
region for increased eosinophil counts, which is consistent with
some previous studies.22,34 After the HLA imputation, rs4713354
(position 30793399) of MDC1 that codes the MDC1 protein
exhibited the strongest correlation with increased eosinophil
counts. The MDC1 protein plays a role in the DNA maintenance by
recruiting repair proteins to the site of DNA damage and comprises
antiapoptotic properties. When considering that eosinophils have
the DNA repair machinery,35 variants of MDC1 might affect the
lifespan of eosinophils; however, there is no conclusive evidence
for the correlation until further investigation with larger sample
size and functional analyses are conducted. Albeit, MDC1 might be
merely a tag SNP for eosinophilia, and there could be an
eosinophilia-associated haplotype specifically to the Japanese
population, as described later. In this study, we determined several
variants in class I HLA alleles and amino acids for elevated eosin-
ophil counts. Of interest, among the variants, 3 four-digit class I HLA
alleles, that is, HLA_A_3303, HLA_C_1403, and HLA_B_4403,
reportedly form a low frequency of long-range haplotype in the
Japanese population.36 In addition, risks of these class I HLA alleles
for increased eosinophil counts disappeared when conditioning on
rs4713354, suggesting the presence of genetic linkage of rs4713354
with this haplotype. Thus, the identification of rs4713354 and this
haplotype that ranges approximately between 31.2 and 33.0 Mbp
and includes nearly 120 genes may facilitate in efficiently searching
candidate genes for eosinophilia in other ethnicities.

This study has several limitations. First, this study focused on
the Japanese population that comprises fewer obese subjects than
Caucasians or African Americans. However, the Japanese are known
to be susceptible to an increment in BMI and prone to developing
obesity-related conditions with lower BMI than Caucasians. For
example, in diabetes mellitus, the impact of BMI on its morbidity is
two-fold higher in Japanese Americans than in Caucasians.37

Similarly, the visceral and abdominal fat deposition is higher in
Asian females than in Caucasian females with similar BMI levels.38

Thus, lower BMI in this study does not severely detract from our
main message. Second, the fluctuation of blood eosinophil counts
should be considered. However, large sample size and repeated
measurements of eosinophil counts at the baseline and follow-up,
through which several SNPs were identified, might have mini-
mized its effects. Third, we did not take into account parasite
infection, another important factor for increased blood eosinophil
counts. Because subjects with parasitic infectionsmay influence the
correlations between eosinophils and BMI, these findings should be
carefully applied to populations in areas as Africa, South America,
and South Asia, where parasitic infections continue to be public
concerns.39 Despite these limitations, this study is important
because it provides basic and fundamental associations between
BMI and eosinophil counts.

In conclusion, this study elucidates nonlinear, nonuniform cor-
relations between BMI and blood eosinophil counts in a large
general population. An increase in BMI usually contributes to an
increase in both neutrophil and eosinophil counts. Meanwhile,
there is a population with eosinophilia in which genetic back-
grounds might be more crucial than BMI. The findings of this study
might build on the limited evidence on correlations between BMI
and granulocyte counts in the general population.
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