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Body mass index affects the association 2
between plasma lipids and peripheral

eosinophils in a general chinese population:

a cross-sectional survey

Yu Gao'", Xiaocheng Wang?, Lan Gao?, Xin Li' and Weihong Bai'

Abstract

Background Lipid metabolism affects type 2 immunity; however, the association between plasma lipids and
eosinophilic inflammation in humans is uncertain. This study analysed the relationship between plasma lipids and
peripheral eosinophils and whether patterns differ with different body mass indexes (BMI).

Methods A cross-sectional survey including 62,441 healthy participants recruited from a regular health screening
programme was conducted. Participants were divided into normal weight, overweight and obese subgroups
according to BMI.

Results Multiple linear regression analysis revealed that elevated logarithmic-transformed eosinophil counts
(log(EOS)) significantly correlated with high total cholesterol(TC), triglyceride(TG), low-density lipoprotein-
cholesterol (LDL-C), and low high-density lipoprotein-cholesterol (HDL-C)levels in the overall population, as well as
in men and women, while certain associations between peripheral blood eosinophil percentage and serum lipids
varied by gender. These correlations existed across almost all BMI subgroups, and standardised 3 values decreased
sequentially with increasing BMI. HDL-C had the most significant effect on eosinophils in obese women. Two-factor
analysis of variance showed log(EQS) increased with higher BMI and hyperlipidemia whether in male or female and a
synergistic effect exists of lipid levels (TG and LDL-C) and BMI in men.

Conclusions Blood eosinophil counts were correlated with blood lipid levels and modified by body mass index
status. The effects of lipid levels and body mass index on blood eosinophil counts were synergistic. Therefore, lipid
metabolism may be involved in systemic eosinophil inflammation.
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Background

Eosinophils are important players in type 2 immune
responses such as allergic rhinitis, asthma, and eosino-
philic chronic sinusitis. An elevated eosinophil count in
the peripheral blood can indicate the eosinophil phe-
notype of chronic sinusitis [1] and is a risk factor for
chronic obstructive pulmonary disease and decreased
lung function [2]. Over the past 20 years, the incidence
rates of eosinophil-related diseases have increased in East
Asia. For instance, the proportion of eosinophilic nasal
polyps in adults in central China increased from 15.7% in
2000 to 44% in 2015 [3]. However, the mechanism of this
evolution remains unclear, thereby affecting the overall
control of these diseases.

With the increasing incidence of obesity and metabolic
syndromes, the relevance of metabolism to inflammation
and immunity has received attention. Obesity and meta-
bolic diseases, especially hyperlipidaemia, can trigger
innate and adaptive immune responses [4, 5], which are
evident in respiratory inflammation and allergic diseases.
High low-density lipoprotein-cholesterol (LDL-C) and
triglyceride (TG) levels are associated with high rates of
asthma and aeroallergen sensitisation [6]. Low high-den-
sity lipoprotein-cholesterol (HDL-C) levels clinically pre-
dict high peripheral eosinophil count in Chinese patients
with chronic obstructive pulmonary disease [7]. Patients
with allergic rhinitis also present with dyslipidaemia,
which aggravate the symptoms of allergic rhinitis [8]
and increase the risk of chronic rhinosinusitis [9]. More
importantly, patients with allergic rhinitis with differ-
ent immunotherapy outcomes exhibit different fatty acid
metabolic profiles [10], and dietary fatty acid intake may
influence the development of immune tolerance [11].
These evidence suggest a close relationship between lipid
metabolism and a type 2 immune response, especially
eosinophilic inflammation; however, the mechanisms
underlying this relationship remain largely unknown.

To elucidate the association between eosinophilic
inflammation and lipid metabolism and assess the risk
factors for eosinophil-associated diseases, providing
evidence for the correlation between peripheral blood
eosinophils and lipids in the general population is criti-
cal. However, most of the current literature concern-
ing metabolism and immunity are derived from studies
on cardiovascular diseases, focusing on the relationship
between neutrophils or monocytes and lipids, with fewer
studies examining eosinophils. Further conflicting results
have been reported. A prospective lifeline cohort study
in the Netherlands [2] and follow-up programme in a
Japanese community-based population [12] reported that
high eosinophil counts were related to low HDL-C levels
and high LDL-C, TG, and total cholesterol (TC) levels. In
contrast, data from a US multi-ethnic cohort showed no
significant association between the level of each lipid and
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eosinophil count [13], and results from a white British
cohort showed a negative association of TC and LDL-C
with eosinophil count [14].

Therefore, this large-scale cross-sectional survey was
conducted to determine the relationship between blood
eosinophil counts and lipid profile in a general popula-
tion in northern China. Considering that obesity and
dyslipidaemia often coexist, and a non-linear positive
correlation exists between body mass index (BMI) and
eosinophil count [15], this study further analysed changes
in this relationship according to BMIL. Our overall aim
was to better explore the pathogenesis of eosinophil-
related diseases from a metabolic perspective and dis-
cover novel strategies to treat or prevent such diseases.

Methods

Study participants

Shanxi Provincial People’s Hospital has 2,300 beds, and
its Health Screening Centre undertakes health examina-
tions for the entire province. The centre cooperates with
communities and work units to conduct comprehensive
assessments concerning the health status of the general
population. All resident Han Chinese individuals(The
Han are the dominant ethnic group in China and share
similar dietary habit) aged>18 years who underwent a
health examination between January and December 2021
were invited to participate in this survey. In total, 69,494
participants were included. Among them, 2,068 partici-
pants (2.98%) were excluded because of missing relevant
data; 3,293 (4.74%) due to known familial hyperlipidae-
mia, acute infections, injuries, haematological disorders,
parasitic diseases, chronic pulmonary/liver/kidney dis-
eases, malignant tumours, or abnormal or atypical leuko-
cytes; 94 (0.14%) due to oral medications that affect the
haematological system (31 patients received adrenal glu-
cocorticoids, 10 estrogen/progesterone, 7 cyclosporin A,
14 JAK inhibitors, 11 retinoic acid, 9 methotrexate, 7 aza-
thioprine and 5 tacrolimus); 136 (0.20%)with alcoholism;
and 166 (0.24%) who were pregnant. In addition, 1296
individuals with BMI<18.5 kg/m? were excluded due to
the tendency to increase dilution bias for the large sample
size gap compared with other subgroups. Finally, 62,441
individuals were included in the current cohort. Acute
infections were referred as self-reported fever, upper and
lower respiratory tract infections, allergy/asthma attacks,
dental/dermal infections, urinary tract infections,
and diarrhoea within the past 2 weeks. This study was
approved by the Ethics Committee of Shanxi Provincial
People’s Hospital, China (2022148), and strictly abided
by the tenets of the Declaration of Helsinki, including the
guidelines for confidentiality and anonymity. Signed writ-
ten consent was obtained from all participants.
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Measurement

Information regarding demographics, socioeconomic
status, smoking/medical history, and current medi-
cations were collected via questionnaire. Blood pres-
sure in the right arm was measured in a resting sitting
position. After an overnight fast, venous blood sam-
ples were collected for complete blood count analysis
and biochemical blood tests, including fasting blood
glucose (FBG), TC, HDL-C, LDL-C, TG, glutamate-
pyruvate transaminase, glutamate-oxaloacetate trans-
aminase, urea nitrogen, and serum creatinine. BMI
was calculated as weight/height squared (kg/m?). Par-
ticipants were divided into four subgroups according
to BMI standards in China: underweight, <18.5; nor-
mal weight, 18.5-23.9; overweight, 24—27.9; and obese,
>28 kg/m?% The diagnostic criteria for hyperlipidaemia
were as follows: high TG level, 21.7 mmol/L(150 mg/dl);
high TC level, 25.72 mmol/L(220 mg/dl); high LDL-C

Table 1 Clinical parameters of the study participants (n=62,441)

Variables Mean + SD, medi-
an (interquartile
range), or n (%)

Sex

Male 35,275 (56.5%)

Female 27,166 (43.5%)
Age (years) 4742+14.83
Body mass index (kg/m?) 25044332

Normal 24881 (39.8%)

Overweight 26,430 (42.4%)

Obese 11,130 (17.8%)
Smoking

never moking 39,370 (63.1%)

current smoking 8798 (14.1%)
Heavy smokers(>20 cigarettes/day) 2329 (3.7%)

former smoking 14,273 (22.9%)
Systolic pressure (mmHg) 123.94+17.32
Diastolic blood pressure (mmHg) 7502+11.62
Fasting blood glucose (mmol/L) 558+1.35
Glutamate-pyruvate transaminase (IU/L) 19.48 (13.83-29.25)
Log glutamate-pyruvate transaminase 132+0.25
Glutamate-oxaloacetate transaminase (IU/L) 19.97 (16.89-24.28)
Log glutamate-oxaloacetate transaminase 132+0.14
Urea nitrogen (mmol/L) 4794127
Serum creatinine (umol/L) 71.86+1859
Total cholesterol (mmol/L) 4.71+095
Triglycerides (mmol/L) 1.68+1.22
High-density lipoprotein-cholesterol (mmol/L) 1.25+0.28
Low-density lipoprotein-cholesterol (mmol/L) 2.94+0.70
Peripheral blood Eosinophils

Percentage (%) 202+146

Count (x 109/L) 0.10 (0.06-0.16)

Log eosinophil count -1.12+057

SD, standard deviation
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level, >3.4 mmol/L(130 mg/dl); and low HDL-C level,
<1.0 mmol/L(40 mg/dl).

Statistical methods

SPSS 23 (IBM, Armonk, NY) was used for statistical
analyses. Count data are presented as case numbers or
percentages, and measurement data following a normal
distribution are described as x * s; those not following
a normal distribution are described as medians (inter-
quartile range). Logarithmic (log) transformation was
performed before analysis for variables with skewed
distributions to improve data normality. The eosinophil
count was skewed and conformed to normality after log
transformation. The relationship between blood lipid
levels and log-transformed eosinophil count (log[EOS])
or eosinophil percentage was evaluated using multiple
linear regression in the overall population and each BMI
subgroup. Two-factor analysis of variance (ANOVA)
was used to assess the differences in log(EOS) at differ-
ent blood lipid levels and BMI levels and to analyse the
interaction between blood lipid levels and BMI. Data
were adjusted for potential confounding effects, includ-
ing sex; age; smoking status; BMI; WBC count; diastolic
blood pressure; systolic blood pressure; levels of FBG,
glutamate-pyruvate transaminase, glutamate-oxaloace-
tate transaminase, urea nitrogen, and serum creatinine;
and the use of lipid-lowering medications. A further gen-
der -stratified analysis was performed and menopausal
status was treated as an adjustment variable given the
significant effect of menopause on the lipid profile shift
in women. A P-value of <0.05 was considered statistically
significant.

Results
The basic characteristics of the study participants are
presented in Table 1. This study comprised 62,441 partic-
ipants aged 18 to 82 years. The median eosinophil count
was 0.10x 10? cells/L. The median and interquartile range
values were within the normal reference ranges of blood
leukocytes for adults (0.05-0.5x10° cells/L). The mean
BMI value of the total population was 25.04+3.32 kg/m?
and were within the overweight range. All lipid param-
eters were within the normal range. The prevalence of
high TG, high LDL-C, high TC, and low HDL-C levels
was 35.05%, 24.00%, 13.72%, and 7.07%, respectively. The
prevalence of hyperlipidemia is 45.4% in men, 39.8% in
women and 58.6% in postmenopausal woman. Among all
participants, only 3431 (5.49%) reported the regular use
of lipid-lowering medications. 2004(3.21%) take statin,
1105(1.77%) take fibrates and 87(0.14%) were treated
with statatin and fibrate. The rest use Chinese medicine.
Tables 2 and 3 show the results of the multiple linear
regression analysis of log(EOS) and eosinophil percent-
age, respectively, regarding lipid parameters in the overall
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Table 2 Multiple linear regression results of log-transformed eosinophil count with lipid parameters in the overall population

Independent variable B SE STDB P 95% ClI

Total cholesterol 0.022 0.002  0.037 <0.001  0.018~0.027

Triglycerides 0.018 0.002  0.037 <0.001 0.014~0.021

High-density lipoprotein-cholesterol -0.039 0009 -0019 <0001 -0.057~
-0.022

Low-density lipoprotein-cholesterol 0.045 0.003 0.056 <0001  0.039~0.052

The adjusted variables included sex, age, body mass index, WBC count, smoking, diastolic blood pressure, systolic blood pressure, fasting blood glucose, log
glutamate-pyruvate transaminase, log glutamate-oxaloacetate transaminase, urea nitrogen, serum creatinine, and use of lipid-lowering medications

SE, standard error; STD, standardised; Cl, confidence interval

Table 3 Multiple linear regression results of eosinophil percentage with lipids parameters in the overall population

Independent variable B SE STDB P 95% ClI

Total cholesterol 0.043 0.006 0.028 <0.001 0.030~0.055
Triglycerides 0.012 0.005 0.010 0.027 0.001~0.022
High-density lipoprotein-cholesterol 0.029 0.024 0.006 0.221 -0.018~0.076
Low-density lipoprotein-cholesterol 0.054 0.009 0.026 <0.001 0.037~0.071

The adjusted variablesincluded sex, age, body mass index, smoking, diastolic blood pressure, systolic blood pressure, fasting blood glucose, log glutamate-pyruvate
transaminase, log glutamate-oxaloacetate transaminase, urea nitrogen, serum creatinine, and use of lipid-lowering medications

SE, standard error; STD, standardised; Cl, confidence interval
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Fig. 1 Relationship between blood lipids and log-transformed eo-
sinophil counts in different BMI subgroups

Adjusted variables included sex, age, body mass index, WBCcounts, smok-
ing, diastolic blood pressure, systolic blood pressure, fasting blood glu-
cose, log glutamate-pyruvate transaminase, log glutamate-oxaloacetate
transaminase, urea nitrogen, serum creatinine, and use of lipid-lowering
medications. BMI, body mass index; TG, triglyceride level; TC, total choles-
terol level; LDL-C, low-density lipoprotein-cholesterol level; HDL-C, high-
density lipoprotein-cholesterol level

population. Elevated log(EOS) values were significantly
correlated with high TG, TC, and LDL-C levels and low
HDL-C levels after adjusting for potential confound-
ers (Table 2). Log(EOS) increased by 0.022, 0.018, and
0.045 for each unit increase in TC, TG and LDL-C lev-
els, respectively. In contrast, it decreased by 0.039 for
each unit increase in HDL cholesterol level (all p<0.001).
Additionally, after adjusting for potential confounders,
peripheral blood eosinophil percentage positively corre-
lated with TG, TC, and LDL-C levels, independent of the
HDL-C levels (Table 3). The relevance of TC and LDL-C
levels to EOS were relatively evident, with B coefficients
of 0.043 and 0.054, respectively.

Figures 1 and 2 show the results of the multiple linear
regression analysis for the relationship between lipid
parameters and log(EOS) and eosinophil percentage,

respectively, in each BMI subgroup. After adjusting for
potential confounders the correlation between log(EOS)
and each lipid index remained significant in most BMI
status except log(EOS) was independent of HDL in the
normal-weight subgroup (Fig. 1).Furthermore, the eosin-
ophil percentage was positively correlated with TC and
TG levels in the normal-weight and overweight groups
but not in the obese group. Meanwhile, eosinophil per-
centage did not correlate with HDL-C levels in any sub-
group but did with LDL-C levels in all subgroups (Fig. 2).
However, there was a consistent trend in all lipid indexes,
that is, with the increase of BMI, standardised P values
decreased sequentially (Figs. 1 and 2).

Figure 3 shows the ANOVA results of the effect of
BMI and lipid levels on log(EOS). For each lipid variable,
log(EOS) increased with higher BMI in both the nor-
molipidaemic and hyperlipidaemic groups. Meanwhile,
log(EOS) was higher in the hyperlipidaemic group than
in the normolipidaemic group for all BMI subgroups (all
p<0.001). A synergistic effect exists of lipid levels (TG
and LDL-C) and BMI on eosinophil count.

Considering the significant effects of gender on both
eosinophil count and blood lipid, a gender -stratified
analysis was performed and findings are presented in
Supplementary file. In both men and women, the rela-
tionships between log(EOS) values and lipid profiles were
completely consistent with that of the general popula-
tion. Moreover the greater associations were observed
in women because of the greater  values (Supplemental
Table 1.1-1.2). Certain associations between peripheral
blood eosinophil percentage and serum lipids varied by
gender. Eosinophil percentage positively correlated with
TC and LDL-C levels in both men and women, positively
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Fig. 2 Relationship between blood lipids and eosinophil percentage in different BMI subgroups

Adjusted variables included sex, age, body mass index, smoking, diastolic blood pressure, systolic blood pressure, fasting blood glucose, log glutamate-
pyruvate transaminase, log glutamate-oxaloacetate transaminase, urea nitrogen, serum creatinine, and use of lipid-lowering medications. BMI, body mass
index; TG, triglyceride level; TC, total cholesterol level; LDL-C, low-density lipoprotein-cholesterol level; HDL-C, high-density lipoprotein-cholesterol level
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Fig. 3 Two-way analysis of variance regarding the effect of body mass index and serum lipids on peripheral blood eosinophil count

BMI, body mass index; TG, triglyceride level; TC, total cholesterol level; LDL-C, low-density lipoprotein-cholesterol level; HDL-C, high-density lipoprotein-
cholesterol level. In A, P for TC<0.001, P for BMI<0.001, P for TC*BMI=0.073;In B, P for TG<0.001, P for BMI<0.001, P for TG*BMI<0.001; In C, P for
HDL <0.001, P for BMI<0.001, P for HDL-C*BMI=0.085; In D, P for LDL < 0.001, P for BMI<0.001, P for LDL-C*BMI=0.003
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correlated with HDL-C and not with TG in men and the
opposite is true in women. (Supplemental Table 2.1-2.2).

As for the BMI subgroups, regardless of log(EOS)
or eosinophilic percentage, the trend of standardised
B values decreased sequentially with the increase of
BMI remained, especially in women (Supplemental
Fig. 1.1-2.2). HDL-C had the most significant effect on
eosinophils in obese women (Supplemental Fig. 1.2, 2.2).
log(EOS) increased with higher BMI and hyperlipidemia
whether in male or female, however a synergistic effect
exists of lipid levels (TG and LDL-C) and BMI only in
men, while no interaction exists in women (Supplemental
Fig. 3.1-3.2).

Discussion

There is compelling evidence that dyslipidaemia is pres-
ent in respiratory inflammation and allergic diseases [6—
9]. However, the few studies concerning the association
between peripheral eosinophil counts and lipid levels
report contradictory results. This study confirmed that in
the general population, in men or in women, peripheral
blood eosinophil counts are significantly positively cor-
related with serum LDL-C, TG, and TC levels and nega-
tively correlated with HDL-C levels. These results are
consistent with those of a prospective Lifeline’s cohort
study in the Netherlands [2], a follow-up investigation of
a community population in Japan [12]and studies in spe-
cial population with type 2 diabetes [16] or atopic asthma
[17], different from the data of a multi-ethnic cohort in
the US [13] and a Caucasian population in the UK [14].
This may be due to the differences in genetic background.

In addition, the survey further examined the relation-
ship between eosinophil percentage and lipid profiles.
We know, total peripheral blood leukocyte is signifi-
cantly correlated with serum lipid levels [18]. Not only
by adjusting total white blood cell count, we also adopt
the index of eosinophil percentage, for leukocyte classi-
fication directly indicates the type of inflammation. The
result found that eosinophil percentage was still corre-
lated with LDL-C and TC levels, but the association with
TG or HDL-C varied by gender. Therefore, it is neces-
sary to consider the influence of gender when discussing
the relationship between blood lipids and eosinophilic
inflammation [19].

As obesity and hyperlipidaemia often coexist and
because obesity is also associated with eosinophil counts
[15], our study further analysed whether the relationship
between lipid levels and blood eosinophils were influ-
enced by BMI status. Similar studies are lacking in previ-
ous literature. The results from the two-factor ANOVA
suggested that hyperlipidaemia and BMI levels were
significantly and independently associated with higher
peripheral eosinophil counts and that there was a syner-
gistic effect between lipid levels and BMI in men. This is
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consistent with the finding of a study in an Austrian gen-
eral population that suggested that metabolic syndrome
(odds ratio, 1.41) and obesity (odds ratio, 1.16) were sig-
nificantly related with elevated blood eosinophil counts
and demonstrated a cumulative effect [20]. Further, our
subgroup analysis of different BMI levels revealed that,
lipid profiles affected blood eosinophil counts in major-
ity subgroups and standardised P values decreased with
increasing BMI. The same is true for eosinophilic per-
centage. This finding may be because blood neutrophil
counts increase with higher BMI in an accelerated man-
ner [15], masking the association between eosinophil
and dyslipidaemia. After all, neutrophilic inflammation
is dominant rather than eosinophilic inflammation in
obese patients with asthma. It also may be related to the
function of peripheral blood eosinophils transferring to
subcutaneous tissue to prevent obesity [21]. Intriguingly,
HDL is more closely associated with eosinophilic inflam-
mation in obese individuals, especially women.This con-
clusion confirms the importance of HDL for immunity
[22] and of great significance for clinical application. To
the best of our knowledge, this is the first study to sug-
gest that BMI status affects the correlation between lipid
profiles and eosinophilic inflammation. Additionally, this
result may partially explain why there was no signifi-
cant association between blood lipid levels and eosino-
phil counts in the Multi-Ethnic Study of Atherosclerosis
cohort [13] which cohort had a mean BMI of 29.3 kg/m?
compared to a BMI of 25.04 kg/m? in the current cohort.

The Global Initiative for Asthma suggests using blood
eosinophil counts to mark type 2 inflammation [23].
Our findings may help deepen the current understand-
ing regarding the fluctuations of blood eosinophil count
distribution in the general population and patients with
eosinophil-related diseases. Inflammation, allergies, and
lipid profiles may have the same functional network [24].
Dyslipidaemia may promote Th2 cell polarisation, estab-
lishing a chronic inflammatory state [25]. Our study
supports this idea and makes several points. First, the
increasing prevalence of obesity and dyslipidaemia in
modern society may be one reason for the recent increase
in eosinophil-related diseases, such as eosinophilic nasal
polyps and allergic rhinitis. An outpatient investiga-
tion in the US also found that statin use decreased the
rates of chronic rhinosinusitis [26]. Second, attention
should be given to lipid metabolism, especially elevation
of TG,TC,LDL-C in non-obese individuals and decline
of HDL-C in obese individuals with eosinophil-related
diseases. From the perspective of metabolic regulation,
including controlling obesity and lowering lipid levels,
the goal of controlling eosinophil-related diseases might
be achieved. We intend to verify this hypothesis in future
studies.
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This study has some limitations and associated rec-
ommendations for further research. Firstly, it is a sin-
gle-centre study, and the population was limited to Han
Chinese adults. However, the large sample size presum-
ably reduced the unbalanced distribution of confound-
ing factors. Future multi-centre, multi-ethnic studies,
and paediatric investigations are needed, as eosinophilic
inflammation and dyslipidaemia are also common in
children. Secondly, owing to the cross-sectional nature
of this study, we could not determine the directional cau-
sation of this association. Further longitudinal studies,
especially those involving the application of lipid-lower-
ing medications, may help better understand this aspect.
Finally, additional research on lipids to type 2 inflamma-
tory cytokines, such as serum periostin or interleukin-5
levels, would help provide further valuable information
regarding type 2 immunity and lipid metabolism.

Conclusions

This study confirmed a positive association between
hyperlipidaemia and peripheral blood eosinophil counts
and percentages and demonstrated that the degree of
this association was modified by BMI status. Further-
more, there was a synergistic effect between lipid levels
and BMI on blood eosinophil counts. The findings pro-
vide new insight into the mechanisms and therapeutic
approaches to eosinophil-related diseases.
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