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Abstract
Background  The relationship between eosinophil number and overweight status (or obesity) remains a subject of 
debate. While animal studies suggest a negative correlation between the two, most clinical studies indicate a positive 
correlation. Therefore, we hypothesize that a nonlinear relationship may exist between eosinophil number and 
overweight status. This study aims to investigate the association between eosinophil number and overweight status 
(as well as related indicators) using data from the National Health and Nutrition Examination Survey (NHANES).

Methods  We utilized data from NHANES 1999–2018, where eosinophil number was obtained from laboratory tests. 
Overweight status was defined as a body mass index (BMI) ≥ 25. We then applied weighted logistic regression/linear 
regression, subgroup analysis, and restricted cubic splines (RCS) analysis to investigate the association between 
eosinophil number and overweight status (as well as related indicators).

Results  A total of 77,217 individuals were included in this study, with 38,106 individuals in the non-overweight group 
(BMI < 25) and 39,111 individuals in the overweight group (overweight and obesity, BMI ≥ 25). The logistic regression 
analysis revealed a significant association between eosinophil number and overweight status (OR: 2.38, 95% CI: 1.81–
3.12, P < 0.001). Additionally, eosinophil number was significantly positively correlated with obesity/BMI/triglycerides 
and negatively correlated with High-Density Lipoprotein (HDL). Finally, the nonlinear regression results indicated an 
inverted U-shaped relationship between eosinophil number and overweight status/obesity/BMI.

Conclusion  Our study demonstrates an inverted U-shaped relationship between eosinophil number and overweight 
status/obesity/BMI. Eosinophil number is also significantly associated with HDL and triglycerides. These findings 
suggest that eosinophils may play a role in overweight (or obesity) and provide valuable insights for exploring the 
underlying immune mechanisms of overweight status.
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Introduction
With the continuous rise in global obesity rates, over-
weight and obesity have become significant public health 
concerns [1, 2]. Studies have shown that overweight and 
obesity not only increase the risk of chronic diseases such 
as cardiovascular diseases [3–5] and diabetes [6–8], but 
are also closely associated with various other conditions 
[9–11], including allergic diseases [12–14].

Currently, the incidence of allergic diseases is also 
on the rise [15], and growing evidence suggests a com-
plex interaction between obesity and allergic diseases 
[16–18]. Genetic studies have revealed shared genetic 
components between obesity and allergic diseases [19], 
and another Mendelian randomization study has dem-
onstrated a complex causal relationship between obesity 
and conditions such as asthma and atopic dermatitis [20]. 
Moreover, individuals with obesity are often in a state 
of chronic inflammation, characterized by elevated lev-
els of various inflammatory mediators, including tumor 
necrosis factor-alpha (TNF-α) and multiple interleukins 
(ILs) [21], which may further increase the risk of develop-
ing allergic diseases. Dysbiosis of gut microbiota has also 
been identified as a key link between obesity and immune 
dysregulation [17, 18], further contributing to the devel-
opment of allergic diseases.

Eosinophils are important immune cells involved in 
allergic diseases [22, 23], participating in various stages 
of allergic and inflammatory responses. As a clinical indi-
cator for monitoring allergic conditions, fluctuations in 
eosinophil counts often reflect the degree of allergic acti-
vation. Notably, studies have shown that eosinophils not 
only play a role in allergic inflammation but also serve 
important functions in metabolic regulation. They con-
tribute to metabolic homeostasis by maintaining adipose 
alternatively activated macrophages (AAMs) [24] and 
directly regulating lipid metabolism [25]. In the context 
of obesity, dysregulation of eosinophil function may rep-
resent a key mechanism linking metabolic disorders and 
allergic diseases. Given the close association among obe-
sity, allergic diseases, and eosinophils, the relationship 
between eosinophils and overweight status also warrants 
further investigation.

Previous studies have shown conflicting results regard-
ing the association between eosinophils and obesity. 
Several animal studies have suggested a negative correla-
tion between eosinophil levels and obesity [26–28]. For 
instance, a study by Davina Wu et al. in 2011 [24] found 
that high-fat diet mice lacking eosinophils were more 
prone to obesity, impaired glucose tolerance, and insu-
lin resistance. In 2020, Daniel Brigger et al. [29] reported 
that transplantation of eosinophils from young mice 
into aged mice alleviated systemic low-grade inflamma-
tion in the latter. Additionally, another study [25] found 
that mice with inhibition of Krüppel-like factor 3 (KLF3) 

had higher eosinophil levels in adipose tissue and lower 
body weight. These findings highlight the important reg-
ulatory role of eosinophils in adipose tissue and suggest 
their potential in reducing the risk of obesity. However, 
most clinical studies have reported a positive correlation 
between eosinophils and obesity [30–32]. A cross-sec-
tional study from China involving 62,441 healthy partici-
pants [33] also demonstrated that eosinophil levels were 
significantly associated with higher levels of low-density 
lipoprotein and triglycerides, as well as lower levels of 
high-density lipoprotein, and this association was influ-
enced by BMI.

The reasons for the discrepancy between animal exper-
iments and clinical findings remain unclear. On one hand, 
the relatively short duration of animal studies and the 
limited generalizability of animal models may fail to fully 
capture the complexity of human metabolic and immune 
environments. On the other hand, the inconsistency may 
also be attributed to the context-specific roles of eosino-
phils in different tissue environments, as well as potential 
confounding factors in population-based studies.

One possible explanation is that a nonlinear relation-
ship between eosinophil count and overweight status 
may exist, wherein eosinophils exert different biologi-
cal effects at different levels, possibly due to threshold 
effects. Despite growing interest in this topic, most clini-
cal studies have only explored linear associations and 
may have overlooked more complex, nonlinear patterns. 
In addition, previous studies often suffered from limited 
sample sizes, potentially missing subtle associations.

To address these limitations, we utilized data from 
NHANES. NHANES is a nationwide survey conducted 
by the Centers for Disease Control and Prevention (CDC) 
in the United States. By conducting physical examina-
tions, interviews, and laboratory tests on a representa-
tive sample of the U.S. population, NHANES collects 
data on health, nutrition, chronic diseases, and environ-
mental factors. The survey employs a complex sampling 
method to ensure that the selected individuals are suffi-
ciently representative, making it highly valuable for clini-
cal research.

Therefore, the aim of this study was to investigate the 
association between eosinophil count and overweight 
status, as well as related metabolic indicators, using a 
large-scale, population-based dataset. Specifically, we 
aimed to assess potential nonlinear relationships and 
explore subgroup differences, thereby providing new 
insights into the immunometabolic interactions involved 
in obesity.

Methods
Data Source
The population data for this study were sourced from 
NHANES 1999–2018. We included individuals with 
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complete data on blood eosinophil counts and BMI. Fig-
ure 1 presents the data selection flowchart for this study. 
Since weighted data were used in the analysis, no imputa-
tion was performed for missing data.

The unit for eosinophil number was 1000 cells/uL. 
Following the World Health Organization’s standards 
[34], overweight status was defined as individuals with 
a BMI ≥ 25, and obesity was defined as individuals with 
a BMI ≥ 30. Additionally, we extracted other indicators 
related to overweight status, including Low-Density 
Lipoprotein (LDL), total cholesterol (TCHOL), plasma 
glucose (GLU), High-Density Lipoprotein (HDL), and 
triglycerides.

Covariates
This study also selected the following covariates: age, sex 
[35], race [36.37], educational level [38], marital status 
[39], poverty income ratio (PIR) index [40], creatinine 
levels [41], serum cotinine levels [42], alcohol consump-
tion status [43], self-reported hypertension [44], self-
reported coronary heart disease [45], and self-reported 
diabetes [46]. Among these, the classification of race was 
based on the default categories provided by NHANES 
and does not carry any additional or specific implica-
tions, the PIR index was used as a proxy for economic 
status, and serum cotinine level was used as a proxy for 
smoking status [47, 48]. For marital status, we classified 
“Married, Living with partner” as Non-single, and “Wid-
owed, Divorced, Separated, Never married” as Single. For 
alcohol consumption, individuals who had not consumed 
alcohol in the past year were categorized as non-drink-
ers, while others were classified as drinkers. The detailed 
NHANES codes used in this study can be found in Sup-
plementary Table S1.

Statistical Analysis
All analyses in this study were conducted under weighted 
conditions. The weighted variable used in this study 
was WTMEC2YR, which was adjusted according to the 
selected survey cycle by dividing by 10. Statistical tests 
are based on weighted data using the survey design. Con-
tinuous variables were compared using weighted t-tests 
(svyttest), and categorical variables using Rao–Scott chi-
square tests. Weighted multivariable logistic regression 
was then employed to explore the association between 
eosinophil number and overweight status. Subgroup 
analysis was conducted to examine how this association 
varied across different groups. Subsequently, we ana-
lyzed the association between eosinophil number and 
overweight-related indicators, including obesity, BMI, 
GLU, LDL, TCHOL, HDL, and triglycerides. Finally, RCS 
with 5 knots were used to explore the nonlinear relation-
ship between eosinophil number and overweight status/
obesity/BMI. In the RCS analysis, the overall association 
between the variable and the outcome (including both 
linear and nonlinear components) was evaluated using 
the P overall, while the presence of a significant nonlinear 
relationship was assessed using the P for non-linear.

The R packages used in this paper include survey 
(4.4.2), gtsummary (2.0.2), forestploter (1.1.2), rms (6.8-
1), ggplot2 (3.5.1), tableone (0.13.2). The statistical analy-
ses in this study were conducted using R version 4.4.1.

Results
Baseline characteristics
A total of 77,217 individuals were included in this study, 
with detailed information provided in Table 1. This study 
employed weighted analyses; therefore, all P-values pre-
sented in Table  1 are based on weighted analyses. The 
overall mean age was 34 years, with a mean BMI of 26 kg/
m². The average eosinophil count was 0.22 × 10³ cells/uL. 
The weighted characteristics of the participants can be 
found in the supplementary file (Table S2).

Among them, 38,106 were classified as non-overweight 
(BMI < 25) and 39,111 as overweight status (BMI ≥ 25). 
Compared to the overweight group, the non-overweight 
individuals were younger (mean age: 23 vs. 45 years), 
had a lower average BMI (20 vs. 32), and a comparable 
eosinophil count (0.22 vs. 0.21). Notably, 73% of the non-
overweight group were under 30 years old, while 42% of 
the overweight group were aged 30–59 years.

Logistic regression results
The logistic regression results (Fig.  2) showed a signifi-
cant positive association between eosinophil number 
and overweight status (OR: 2.38, 95% CI: 1.81–3.12, 
P < 0.001). Furthermore, the results indicated significant 
associations between overweight status and factors such 
as gender, race, education level, marital status, alcohol Fig. 1  Flowchart of Participant Selection for the NHANES 1999–2018
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Characteristic Overall
N = 77,217

Non-overweight
N = 38,106

Overweight Status
N = 39,111

P-value*

Age (mean (SD)) 34 (24) 23 (22) 45 (20) < 0.001
Age group (%) < 0.001
  < 30 38,409 (50%) 27,668 (73%) 10,741 (27%)
  30–59 22,661 (29%) 6,168 (16%) 16,493 (42%)
  ≥ 60 16,147 (21%) 4,270 (11%) 11,877 (30%)
Sex (%) < 0.001
  Female 39,067 (51%) 19,181 (50%) 19,886 (51%)
  Male 38,150 (49%) 18,925 (50%) 19,225 (49%)
EOS number (1000 cells/uL)
(mean (SD))

0.22 (0.19) 0.22 (0.21) 0.21 (0.17) < 0.001

EOS percentage (mean (SD)) 3.04 (2.44) 3.22 (2.75) 2.85 (2.08) 0.958
Race (%) < 0.001
  Mexican American 17,037 (22%) 8,419 (22%) 8,618 (22%)
  Non-Hispanic Black 17,840 (23%) 8,940 (23%) 8,900 (23%)
  Non-Hispanic White 29,081 (38%) 13,499 (35%) 15,582 (40%)
  Other Hispanic 6,318 (8.2%) 2,914 (7.6%) 3,404 (8.7%)
  Other Race 6,941 (9.0%) 4,334 (11%) 2,607 (6.7%)
Educational level (%) < 0.001
  Under high school 12,512 (27%) 3,338 (24%) 9,174 (28%)
  High school or equivalent 10,873 (23%) 3,077 (22%) 7,796 (24%)
  Above high school 23,606 (50%) 7,543 (54%) 16,063 (49%)
Marital status (%) < 0.001
  Non-single 28,717 (54%) 8,086 (45%) 20,631 (59%)
  Single 23,994 (46%) 9,708 (55%) 14,286 (41%)
PIR (mean (SD)) 2.32 (1.60) 2.20 (1.60) 2.43 (1.60) < 0.001
PIR group (%) < 0.001
  < 1 18,279 (26%) 10,229 (29%) 8,050 (22%)
  ≥ 1 52,808 (74%) 25,027 (71%) 27,781 (78%)
BMI (mean (SD)) 26 (7) 20 (3) 32 (6) < 0.001
BMI group (%) < 0.001
  Under weight 13,494 (17%) 13,494 (35%) 0 (0%)
  Normal weight 24,612 (32%) 24,612 (65%) 0 (0%)
  Overweight 19,549 (25%) 0 (0%) 19,549 (50%)
  Obesity 19,562 (25%) 0 (0%) 19,562 (50%)
Log2 Cotinine (ng/mL)
(mean (SD))

-2.1 (4.9) -2.3 (4.7) -1.9 (5.1) 0.157

Log2 Cotinine group (%) < 0.001
  < 0.05 55,275 (75%) 26,901 (76%) 28,374 (74%)
  0.05-3 4,847 (6.6%) 2,870 (8.2%) 1,977 (5.1%)
  ≥ 3 13,631 (18%) 5,425 (15%) 8,206 (21%)
Creatinine (umol/L)
(mean (SD))

75 (35) 71 (33) 77 (36) < 0.001

Plasma glucose (mmol/L)
(mean (SD))

5.81 (1.84) 5.38 (1.33) 6.08 (2.06) < 0.001

LDL (mmol/L)
(mean (SD))

2.81 (0.91) 2.59 (0.85) 2.97 (0.92) < 0.001

TCHOL (mmol/L)
(mean (SD))

4.75 (1.07) 4.46 (0.97) 4.99 (1.10) < 0.001

HDL (mmol/L)
(mean (SD))

1.37 (0.39) 1.47 (0.38) 1.28 (0.37) < 0.001

Triglycerides (mmol/L)
(mean (SD))

1.54 (1.27) 1.12 (0.81) 1.80 (1.43) < 0.001

Alcohol drinker (%) < 0.001
  Yes 29,953 (78%) 9,346 (82%) 20,607 (76%)

Table 1  Basic characteristics of participants by overweight status
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consumption, diabetes, and hypertension. Although age 
and serum cotinine levels were also significantly associ-
ated with overweight status, the effect sizes for these 
variables were minimal.

We also conducted an association analysis between 
eosinophil percentage and overweight status, but 
the results showed no significant association. (OR: 
1.006,95%CI:0.989–1.023, P = 0.514). Therefore, eosino-
phil percentage was not included in subsequent analyses. 
Detailed results can be found in Supplementary Table S3.

Analysis of related indicators
To minimize the potential errors caused by collinear-
ity among related variables, we also conducted separate 
analyses of eosinophil number and several related indi-
cators, including obesity, blood glucose, LDL, total cho-
lesterol (TCHOL), HDL, and triglycerides, as shown in 
Table  2. The results indicated significant associations 
between eosinophil number and multiple indicators, 
including obesity (OR: 2.33, 95% CI: 1.96–2.77, P < 0.001), 
BMI (β: 3.11, 95% CI: 2.55–3.67, P < 0.001), HDL (β: -0.22, 
95% CI: -0.26 to -0.19, P < 0.001), and triglycerides (β: 
0.48, 95% CI: 0.37 to 0.59, P < 0.001).

Additionally, we conducted a reverse analysis to inves-
tigate the effect of BMI-related indicators on eosinophil 
number. Although some results were significant, the 
effect sizes were very small. (e.g. Overweight Status– 
EOS number, β = 0.018, 95% CI: 0.013 to 0.023, P < 0.001). 
Detailed results can be found in Supplementary Table S3.

Subgroup analysis
The results of the subgroup analysis are shown in Fig. 3. 
(In addition to overweight status, subgroup analyses were 
extended to include obesity and BMI. The results can 
be found in the supplementary file Figures S1–S2). The 
findings indicate that the association between eosinophil 

number and overweight status was significant in most 
subgroups. It is noteworthy that this association was par-
ticularly evident in the groups aged 30–59 years, female, 
Mexican American, with a high school education or 
above, non-single, log2 cotinine levels below 0.05, and 
non-drinkers, all of which had OR values greater than 
3. This indicates that for each increase of 1 in eosinophil 
number, the risk of overweight status in these groups 
increased by more than threefold.

Furthermore, significant interaction effects were 
observed in the subgroup analysis of eosinophils and 
overweight status for several factors, including sex, race, 
PIR index, educational level, and marital status. This indi-
cates that the association between eosinophils and over-
weight status varies significantly across these subgroups. 
A possible explanation, supported by previous litera-
ture, is that certain subpopulations are more susceptible 
to obesity, which is characterized by chronic low-grade 
inflammation that may amplify the role of eosinophils. 
Our subgroup analysis of eosinophils and BMI revealed 
similar findings (Supplementary File, Figure S2), with the 
effect of eosinophils on BMI being more pronounced in 
obese individuals (β: 1.77 95%CI: 0.99–2.55, P < 0.001).

Specifically, in terms of sex, studies have shown that 
women are more likely than men to develop obesity [35]. 
As for race, it is well established that the prevalence of 
obesity varies across racial groups [37], although the 
underlying mechanisms remain unclear. Marital status is 
another factor, with several analyses suggesting that mar-
ried individuals are more likely to be obese [39].

However, contrary to our expectations, subgroup anal-
yses based on socioeconomic status (PIR index) [40] and 
educational level [38] showed that the effect of eosino-
phils on overweight status was more significant in pop-
ulations with higher PIR scores and higher educational 
attainment, which warrants further investigation.

Characteristic Overall
N = 77,217

Non-overweight
N = 38,106

Overweight Status
N = 39,111

P-value*

  No 8,489 (22%) 2,069 (18%) 6,420 (24%)
Diabetes (%) < 0.001
  Yes 5,590 (7.2%) 836 (2.2%) 4,754 (12%)
  No 71,578 (93%) 37,246 (98%) 34,332 (88%)
Hypertension (%) < 0.001
  Yes 16,271 (30%) 3,024 (17%) 13,247 (37%)
  No 37,876 (70%) 15,239 (83%) 22,637 (63%)
Coronary heart disease (%) < 0.001
  Yes 1,888 (4.0%) 421 (3.0%) 1,467 (4.5%)
  No 44,961 (96%) 13,515 (97%) 31,446 (96%)
Asthma, n (%) 0.005
  Yes 11,261 (15%) 5,321 (14%) 5,940 (15%)
  No 65,887 (85%) 32,746 (86%) 33,141 (85%)
*All p-values are based on weighted analyses. Continuous variables were compared using weighted t-tests (svyttest), and categorical variables using Rao–Scott chi-
square tests. PIR: Poverty Income Ratio, BMI: Body Mass Index, LDL: Low-Density Lipoprotein, TCHOL: Total Cholesterol, HDL: High-Density Lipoprotein

Table 1  (continued) 
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RCS analysis
We conducted restricted cubic spline (RCS) analyses of 
eosinophil number and overweight status/obesity/BMI 
(Figs. 3, 4, 5 and 6). The results showed that in all three 
RCS analyses, both the P overall and P for non-linear 
values were less than 0.001, indicating that eosinophils 
were associated with overweight status, obesity, and 

BMI through both linear and nonlinear relationships. 
The three results were similar, all showing an inverted 
U-shaped curve. In our study, 72.43% of the population 
had eosinophil numbers between 0 and 0.2 × 1000 cells/
uL (inclusive of 0.2), 22.75% had counts between 0.3 and 
0.5, 4.18% had counts between 0.6 and 1, and 0.68% had 
counts greater than 1. The average eosinophil number for 

Fig. 2  Forest plot of risk factors for overweight status
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all individuals was 0.22. In summary, this suggests that 
changes in eosinophil number between 0 and 1 × 1000 
cells/uL should be the focus of the nonlinear association.

Additionally, we performed a reverse RCS analysis 
between BMI and eosinophil number, which revealed 
only a positive linear association with a small effect size. 
The results can be found in Supplementary Figure S3.

Discussion
To the best of our knowledge, this is the largest study to 
date investigating the association between eosinophil 
number and overweight status (obesity/BMI). The large 
sample size allowed us to observe more subtle associa-
tions between eosinophil number and overweight status 
(obesity/BMI). Our results indicate a significant posi-
tive association between eosinophil number and over-
weight status (OR: 2.38, 95% CI: 1.81–3.12, P < 0.001). 
Subsequent RCS analysis showed an inverted U-shaped 
nonlinear association between eosinophil number 
and overweight status (BMI/obesity), which may help 
explain the conflicting results from previous studies 
regarding the relationship between eosinophil num-
ber and overweight. Additionally, the significant asso-
ciations observed between eosinophils and triglycerides 
(β: 0.48,95%CI:0.37–0.59,P < 0.001), as well as HDL (β: 
-0.22,95%CI:-0.26 to -0.19,P < 0.001), are consistent with 
prior research findings [49, 50].

In the supplementary materials, we also analyzed the 
association between eosinophil percentage and over-
weight status. However, the results showed no significant 
association between the two. In the reverse analysis of 
overweight status (obesity/BMI) and eosinophil num-
ber, although the results were significant, the effect sizes 
were very small. We also used RCS to analyze the reverse 
association between BMI and eosinophil number, and the 
results indicated that BMI only had a positive linear asso-
ciation with eosinophil number.

Currently, an increasing number of studies suggest 
that overweight status (obesity/BMI) is associated with 
chronic low-grade inflammation [51, 52]. And research 
has shown that eosinophils play a key regulatory role in 
adipose tissue homeostasis. They help mediate adipocyte 
thermogenesis and contribute to a balance in inflamma-
tory processes [28, 53]. Therefore, we hypothesize that 
inflammation may be a key mechanism underlying the 
significant association between eosinophil count and 
overweight status (including obesity and BMI). However, 
this relationship is highly complex. An important factor 
lies in the dual role of eosinophils: while they often serve 
as markers of inflammation and possess pro-inflam-
matory capabilities—such as releasing large amounts of 
IL-4, IL-5, and TNF-α during allergic reactions, which 
can lead to tissue damage [54] and potentially contribute 
to the development or exacerbation of obesity—they can 
also exert anti-inflammatory effects. For example, eosin-
ophils can secrete IL-13, which promotes the differentia-
tion of anti-inflammatory macrophages in adipose tissue 
and thereby reduces insulin resistance [55]. A clinical 
study [56] also reported that eosinophil levels were asso-
ciated with a reduced risk of diabetes and insulin resis-
tance, which may indirectly influence the risk of obesity. 
This complexity suggests that the functions of eosino-
phils may vary under different physiological or pathologi-
cal conditions.

Leptin is a hormone closely associated with adipose-
derived factors [57], playing a role in appetite suppres-
sion and showing a positive correlation with body mass 
index (BMI) [58, 59]. Studies have shown that leptin can 
delay eosinophil apoptosis [60] and promote eosinophil 
migration and activation in vivo [57]. However, despite 
elevated leptin levels in individuals who are overweight 
or obese, most of these individuals exhibit leptin resis-
tance [57]. Excessively high leptin levels can lead to 
receptor saturation [61], impairing leptin’s ability to sup-
press appetite and reduce body weight. We speculate that 
this may also compromise leptin’s capacity to delay eosin-
ophil apoptosis.

Moreover, it is worth noting that a recent clinical study 
by James D. Hernandez et al. [62] on eosinophils and 
leptin found that, despite elevated leptin levels in the 
peripheral blood of obese patients, the level of eosino-
phils in adipose tissue was paradoxically decreased.

It can be observed that most previous clinical studies 
have reported a positive association between eosinophil 
levels and obesity, whereas James D. Hernandez et al. 
found a negative association between eosinophil levels in 
adipose tissue and obesity. This discrepancy highlights a 
key reason behind the conflicting results observed in ani-
mal experiments and clinical studies on eosinophils and 
obesity. Previous animal studies have primarily focused 
on the regulatory role of eosinophils within adipose 

Table 2  Analysis results of eosinophils in relation to obesity and 
its associated indicators

Variable Outcome OR 95% CI P-value
Model 1 EOS number Obesity 2.33 1.96, 2.77 < 0.001

Variable Outcome Beta 95% CI P-value
Model 2 EOS number BMI 3.11 2.55, 3.67 < 0.001
Model 3 EOS number GLU 0.10 -0.04, 0.25 0.173
Model 4 EOS number LDL 0.00 -0.12, 0.12 0.985
Model 5 EOS number TCHOL 0.00 -0.09, 0.09 0.968
Model 6 EOS number HDL -0.22 -0.26, -0.19 < 0.001
Model 7 EOS number Triglycerides 0.48 0.37, 0.59 < 0.001
All models were adjusted for the following covariates: sex, age, log2 cotinine, 
creatinine PIR, race, education level, marital status, alcohol consumption, 
diabetes, hypertension, and coronary heart disease. BMI: Body Mass Index, GLU: 
Plasma glucose, LDL: Low-Density Lipoprotein, TCHOL: Total Cholesterol, HDL: 
High-Density Lipoprotein.
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tissue, suggesting that eosinophils in adipose tissue con-
tribute to the browning of white adipocytes into beige 
adipocytes [25, 29], thereby promoting adipose tissue 
catabolism. In contrast, clinical research has mostly con-
centrated on eosinophils in peripheral blood.

Therefore, it is reasonable to speculate that eosino-
phils may play distinct roles in different tissues—such 

as blood vs. adipose tissue, or subcutaneous vs. visceral 
fat—and that their distribution may vary with increasing 
BMI. Understanding and potentially intervening in the 
redistribution of eosinophils across tissues could be a key 
strategy for reducing obesity risk, with leptin potentially 
playing an important role in this process.

Fig. 3  Subgroup analysis forest plot of Eosinophil number and Overweight status
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Moreover, since both eosinophils and obesity are 
closely associated with allergic diseases, it is often 
assumed that allergic patients with obesity exhibit a Th2-
type inflammatory profile. However, a study by Sagar P. 
Bapat et al. [63] demonstrated that obesity can reshape 
immune responses, shifting the inflammatory micro-
environment toward a Th17-dominant phenotype. This 
finding suggests that in overweight individuals, elevated 
eosinophil levels may not exclusively indicate a Th2-
skewed inflammation, but rather reflect a mixed inflam-
matory state involving both eosinophilic and Th17 
pathways. The paradox lies in the fact that allergic dis-
eases are typically accompanied by elevated eosinophil 
levels, and obesity is closely related to both eosinophils 
and allergic conditions. Given the complex interactions 
between immune dysregulation and metabolic states, 
future mechanistic studies are needed to further clarify 
the specific roles of Th2- and Th17-type inflammation in 
obesity and to determine their respective contributions 
to eosinophil-related outcomes.

In conclusion, our study demonstrates that there is an 
inverted U-shaped curve relationship between eosinophil 
number and overweight status (obesity/BMI), and that 
eosinophil number is also significantly associated with 
HDL and triglycerides. Although the specific mecha-
nisms are not yet fully understood, these findings con-
tribute to a deeper understanding of the potential role 
of eosinophils in obesity and related metabolic diseases. 
Furthermore, understanding the immunometabolic func-
tions of eosinophils may open new avenues for early 
detection, risk stratification, and the development of tar-
geted interventions for obesity and its complications.

Previous clinical studies on the relationship between 
eosinophils and obesity have primarily focused on spe-
cific patient populations, such as those with asthma or 
metabolic syndrome, while related research in the gen-
eral population remains limited. Notably, a prospective 
cohort study from Japan [64] reported findings con-
sistent with our results, showing a positive association 
between eosinophil levels and BMI at lower eosinophil 
concentrations, and a negative association at higher lev-
els. However, that study was limited to a Japanese popu-
lation. A major strength of the present study lies in the 
use of large-scale, nationally representative data from 
NHANES, allowing for a comprehensive evaluation of 
the association between eosinophil count and overweight 
status in the general population, as well as subgroup-spe-
cific analyses. Furthermore, we applied RCS modeling to 
explore potential nonlinear relationships between eosin-
ophil count and overweight status, providing a more 
nuanced understanding of the association.

Nevertheless, this study has some limitations. Firstly, 
although we analyzed both the effect of eosinophils on 
overweight status and vice versa, the cross-sectional 

Fig. 6  Restricted Cubic Splines analysis plot of eosinophils and body mass 
index

 

Fig. 5  Restricted Cubic Splines analysis plot of eosinophils and obesity

 

Fig. 4  Restricted Cubic Splines analysis plot of eosinophils and over-
weight status
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nature of the study precludes causal inference between 
exposure and outcome. Future longitudinal studies are 
warranted to further explore this relationship. Secondly, 
the eosinophil number data used in our study comes from 
NHANES, where the values are rounded to one decimal 
place, which limits the precision and prevents capturing 
more subtle associations between eosinophil number and 
overweight status. Finally, the functions of eosinophils 
may vary across different tissues, and whether eosino-
phils in distinct tissues exhibit differential associations 
with overweight status remains an unresolved yet impor-
tant question that warrants further investigation.

Conclusion
Our study demonstrates that there is an inverted 
U-shaped curve relationship between eosinophil number 
and overweight status (obesity/BMI), and that eosinophil 
number is also significantly associated with HDL and tri-
glycerides. These findings suggest that eosinophils may 
play a role in overweight status (or obesity), providing 
valuable insights for further exploration of the immune 
mechanisms underlying overweight status, and may 
potentially serve as a target for future immunometabolic 
interventions aimed at the prevention and treatment of 
obesity.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​1​​​8​6​​/​s​1​2​​9​4​4​-​​0​2​5​-​0​​2​5​8​1​-​y.

Supplementary Material 1

Author contributions
The study was designed by XH Y. The manuscript was written by XH 
Y, CC W and XX Z. All authors contributed to the interpretation of data 
and commented on the manuscript. All authors read and approved the 
manuscript. All authors contributed to the article and approved the submitted 
version.

Funding
This study was funded by the General Project of the Liaoning Provincial 
Department of Education (JYTM20231835), the “Seedling Program” of the 
Second Affiliated Hospital of Liaoning University of Chinese Medicine (2023-
LZYY-1-15) and the Liaoning Provincial Science and Technology Program 
(Joint Fund Project Support Program, No. 2023-MSLH-153).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval
The studies involving human participants were reviewed and approved by the 
ethics review board of the National Center for Health Statistics. The patients/
participants provided their written informed consent to participate in this 
study. Therefore, no additional ethical review was required for this study.

Competing interests
The authors declare no competing interests.

Conflict of interest
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.

Publisher’s note
All claims expressed in this article are solely those of the authors and do not 
necessarily represent those of their affiliated organizations, or those of the 
publisher, the editors and the reviewers.

Received: 25 February 2025 / Accepted: 21 April 2025

References
1.	 Robinson E. Overweight but unseen: a review of the underestimation of 

weight status and a visual normalization theory.[J]. Obes Reviews: Official J 
Int Association Study Obes. 2017;18(10):1200–9.

2.	 Zheng J, Zhang H, Shi J, et al. Association of air pollution exposure with 
overweight or obesity in children and adolescents: A systematic review and 
meta-analysis.[J]. Volume 910. The Science of the total environment; 2024. p. 
168589.

3.	 Sciomer S, Moscucci F, Salvioni E, et al. Role of gender, age and BMI in prog-
nosis of heart failure.[J]. Eur J Prev Cardiol. 2020;27(2suppl):46–51.

4.	 Horwich TB, Fonarow GC, Clark AL. Obesity and the obesity paradox in heart 
Failure.[J]. Prog Cardiovasc Dis. 2018;61(2):151–6.

5.	 Iacobellis G. Epicardial fat links obesity to cardiovascular diseases.[J]. Prog 
Cardiovasc Dis. 2023;78:27–33.

6.	 Sandouk Z, Lansang MC. Diabetes with obesity–Is there an ideal diet?[J]. 
Cleve Clin J Med. 2017;84(7 Suppl 1):S4–14.

7.	 Yin R, Ahern AL, Lafortune L, et al. The association between patterns of 
weight change, diabetes status and glycaemia among adults with over-
weight and obesity.[J]. Diabetes Res Clin Pract. 2024;210:111607.

8.	 Pulgaron ER, Delamater AM. Obesity and type 2 diabetes in children: epide-
miology and treatment.[J]. Curr Diab Rep. 2014;14(8):508.

9.	 Haidar A, Horwich T, Obesity. Cardiorespiratory fitness, and cardiovascular 
Disease.[J]. Curr Cardiol Rep. 2023;25(11):1565–71.

10.	 Quek J, Chan KE, Wong ZY, et al. Global prevalence of non-alcoholic fatty 
liver disease and non-alcoholic steatohepatitis in the overweight and obese 
population: a systematic review and meta-analysis.[J]. The lancet. Gastroen-
terol Hepatol. 2023;8(1):20–30.

11.	 Ibemere SO, Oyedeji CI, Preiss L, et al. Characterising the prevalence of 
overweight and obese status among adults with sickle cell disease.[J]. Br J 
Haematol. 2023;200(5):633–42.

12.	 Koenigsberg R, Gupta S, Slaven JE, et al. Body mass index in relation to symp-
tom presentation on diagnosis of eosinophilic esophagitis in children.[J]. 
Annals of allergy, asthma & immunology: official publication of the American 
college of allergy. Asthma Immunol. 2023;131(4):482–6.

13.	 Magnusson JÖ, Kull I, Mai X, et al. Early childhood overweight and asthma 
and allergic sensitization at 8 years of age.[J]. Pediatrics. 2012;129(1):70–6.

14.	 Paller A, Jaworski JC, Simpson EL, et al. Major comorbidities of atopic dermati-
tis: beyond allergic Disorders.[J]. Am J Clin Dermatol. 2018;19(6):821–38.

15.	 Li H, Tian Y, Xie L, et al. Mesenchymal stem cells in allergic diseases: current 
status.[J]. Allergology International: Official J Japanese Soc Allergology. 
2020;69(1):35–45.

16.	 Geissler N, Orola M, Alinaghi M et al. Obesity increases allergic airway 
inflammation that can be successfully treated by oral tolerance.[Z]. 2024: 79, 
529–33.

17.	 Huang J, Zhou X, Dong B, et al. Obesity-related asthma and its relationship 
with microbiota.[J]. Front Cell Infect Microbiol. 2023;13:1303899.

18.	 Kumari M, Kozyrskyj AL. Gut microbial metabolism defines host metabolism: 
an emerging perspective in obesity and allergic inflammation.[J]. Obes 
Reviews: Official J Int Association Study Obes. 2017;18(1):18–31.

19.	 Zhu Z, Guo Y, Shi H, et al. Shared genetic and experimental links between 
obesity-related traits and asthma subtypes in UK Biobank.[J]. J Allergy Clin 
Immunol. 2020;145(2):537–49.

20.	 Ran S, Zhao M, Liu B. The causal association of sarcopenia with osteoporosis 
and obesity: a Mendelian randomization analysis.[Z]. 34; 2023. pp. 613–4.

21.	 Morąg B, Kozubek P, Gomułka K. Obesity and selected allergic and immuno-
logical Diseases-Etiopathogenesis. Course Manage [J] Nutrients, 2023,15(17).

https://doi.org/10.1186/s12944-025-02581-y
https://doi.org/10.1186/s12944-025-02581-y


Page 11 of 11Yue et al. Lipids in Health and Disease          (2025) 24:172 

22.	 O’Sullivan JA, Bochner BS. Eosinophils and eosinophil-associated diseases: an 
update.[J]. J Allergy Clin Immunol. 2018;141(2):505–17.

23.	 Wechsler ME, Munitz A, Ackerman SJ et al. Eosinophils in Health 
and Disease: A State-of-the-Art Review.[J]. Mayo Clinic proceedings, 
2021,96(10):2694–2707.

24.	 Wu D, Molofsky AB, Liang H, et al. Eosinophils sustain adipose alternatively 
activated macrophages associated with glucose homeostasis.[J]. Volume 332. 
Science; 2011. pp. 243–7. (New York, N.Y.). 6026.

25.	 Knights AJ, Vohralik EJ, Houweling PJ, et al. Eosinophil function in adi-
pose tissue is regulated by Krüppel-like factor 3 (KLF3).[J]. Nat Commun. 
2020;11(1):2922.

26.	 Oliveira MCD, Silveira ALM, de Oliveira AC. Eosinophils protect from meta-
bolic alterations triggered by obesity.[J]. Metab Clin Exp. 2023;146:155613.

27.	 Knights AJ, Vohralik EJ, Hoehn KL, et al. Defining eosinophil function in 
adiposity and weight Loss.[J]. BioEssays: news and reviews in molecular. Cell 
Dev Biology. 2018;40(10):e1800098.

28.	 Hosseini A, Germic N, Markov N, et al. The regulatory role of eosinophils in 
adipose tissue depends on autophagy.[J]. Front Immunol. 2023;14:1331151.

29.	 Brigger D, Riether C, van Brummelen R, et al. Eosinophils regulate adipose tis-
sue inflammation and sustain physical and immunological fitness in old age.
[J]. Nat Metabolism. 2020;2(8):688–702.

30.	 Babio N, Ibarrola-Jurado N, Bulló M, et al. White blood cell counts as risk mark-
ers of developing metabolic syndrome and its components in the PREDIMED 
study.[J]. PLoS ONE. 2013;8(3):e58354.

31.	 Moussa K, Gurung P, Adams-Huet B, et al. Increased eosinophils in adipose 
tissue of metabolic syndrome.[J]. J Diabetes Complicat. 2019;33(8):535–8.

32.	 Kuruvilla M, Patrawala M, Levy JM et al. Association of antieosinophil therapy 
with decreased body mass index in patients with severe asthma: A prelimi-
nary retrospective analysis.[Z]. 2019: 122, 649–50.

33.	 Gao Y, Wang X, Gao L, et al. Body mass index affects the association between 
plasma lipids and peripheral eosinophils in a general Chinese population: a 
cross-sectional survey.[J]. Lipids Health Dis. 2023;22(1):146.

34.	 Shi J, Liang Z, Zhang X, et al. Association of physical activity and dietary 
inflammatory index with overweight/obesity in US adults: NHANES 
2007–2018.[J]. Environ Health Prev Med. 2023;28:40.

35.	 Cooper AJ, Gupta SR, Moustafa AF, et al. Sex/Gender differences in 
obesity prevalence, comorbidities, and Treatment.[J]. Curr Obes Rep. 
2021;10(4):458–66.

36.	 Cuevas AG, Chen R, Slopen N, Assessing the Role of Health Behaviors, 
Socioeconomic Status, and Cumulative Stress for Racial/Ethnic Disparities in 
Obesity.[J]., Obesity et al. (Silver Spring, Md.), 2020,28(1):161–170.

37.	 Alsaqaaby MS, Cooney S, le Roux CW, et al. Sex, race, and BMI in clinical trials 
of medications for obesity over the past three decades: a systematic review.
[J]. The lancet. Diabetes Endocrinol. 2024;12(6):414–21.

38.	 Witkam R, Gwinnutt JM, Humphreys J, et al. Do associations between 
education and obesity vary depending on the measure of obesity used? 
A systematic literature review and meta-analysis.[J]. SSM - Popul Health. 
2021;15:100884.

39.	 Nikolic Turnic T, Jakovljevic V, Strizhkova Z et al. The association between 
marital status and obesity: A systematic review and Meta-Analysis.[J]. Dis-
eases (Basel, Switzerland), 2024,12(7).

40.	 Autret K, Bekelman TA. Socioeconomic status and Obesity.[J]. J Endocr Soc. 
2024;8(11):bvae176.

41.	 Koch VH. Obesity facts and their influence on renal function across the life 
Span.[J]. Front Med. 2021;8:704409.

42.	 Ely AV, Wetherill RR. Reward and Inhibition in obesity and cigarette smok-
ing: Neurobiological overlaps and clinical implications.[J]. Physiol Behav. 
2023;260:114049.

43.	 Golzarand M, Salari-Moghaddam A, Mirmiran P. Association between alcohol 
intake and overweight and obesity: a systematic review and dose-response 
meta-analysis of 127 observational studies.[J]. Crit Rev Food Sci Nutr. 
2022;62(29):8078–98.

44.	 El Meouchy P, Wahoud M, Allam S et al. Hypertension related to obesity: 
pathogenesis, characteristics and factors for Control.[J]. Int J Mol Sci, 
2022,23(20).

45.	 Katta N, Loethen T, Lavie CJ, et al. Obesity and coronary heart disease: 
epidemiology, pathology, and coronary artery Imaging.[J]. Curr Probl Cardiol. 
2021;46(3):100655.

46.	 Ruze R, Liu T, Zou X, et al. Obesity and type 2 diabetes mellitus: connec-
tions in epidemiology, pathogenesis, and treatments.[J]. Front Endocrinol. 
2023;14:1161521.

47.	 Hou W, Chen S, Zhu C, et al. Associations between smoke exposure and 
osteoporosis or osteopenia in a US NHANES population of elderly individuals.
[J]. Front Endocrinol. 2023;14:1074574.

48.	 Lei T, Li M, Zhu Z, et al. Comprehensive evaluation of serum cotinine on 
human health: novel evidence for the systemic toxicity of tobacco smoke in 
the US general population.[J]. Sci Total Environ. 2023;892:164443.

49.	 Wen J, Zhuang R, He C et al. High density lipoprotein-cholesterol is inversely 
associated with blood eosinophil counts among asthmatic adults in the USA: 
NHANES 2011–2018.[J]. Frontiers in immunology, 2023,14:1166406.

50.	 Wen J, Liao J, Wei C, et al. Relationship between triglyceride-glucose index 
and blood eosinophils among asthmatic individuals in the USA.[J]. Lipids 
Health Dis. 2024;23(1):149.

51.	 Wu H, Ballantyne CM. Metabolic inflammation and insulin resistance in 
Obesity.[J]. Circul Res. 2020;126(11):1549–64.

52.	 Taylor EB. The complex role of adipokines in obesity, inflammation, and auto-
immunity.[J]. Clinical science (London, England: 1979), 2021,135(6):731–752.

53.	 Hu Y, Chakarov S. Eosinophils in obesity and obesity-associated disorders.[J]. 
Discovery Immunol. 2023;2(1):kyad022.

54.	 Weihrauch T, Melo RCN, Gray N, et al. Eosinophil extracellular vesicles and 
DNA traps in allergic inflammation.[J]. Front Allergy. 2024;5:1448007.

55.	 Duffen J, Zhang M, Masek-Hammerman K et al. Modulation of the IL-33/IL-13 
Axis in Obesity by IL-13Rα2.[J]. Journal of immunology (Baltimore, Md.: 1950), 
2018,200(4):1347–1359.

56.	 Zhu L, Su T, Xu M, et al. Eosinophil inversely associates with type 2 diabetes 
and insulin resistance in Chinese adults.[J]. PLoS ONE. 2013;8(7):e67613.

57.	 Amorim NRT, Souza-Almeida G, Luna-Gomes T, et al. Leptin elicits in vivo 
eosinophil migration and activation: key role of mast Cell-Derived PGD(2).[J]. 
Front Endocrinol. 2020;11:572113.

58.	 Friedman JM, Mantzoros CS. 20 Years of leptin: from the discovery of the 
leptin gene to leptin in our therapeutic armamentarium.[J]. Metab Clin Exp. 
2015;64(1):1–4.

59.	 Au DH, Gleason E, Hunter-Merrill R, et al. Lifestyle intervention and excess 
weight in chronic obstructive pulmonary disease (COPD): INSIGHT COPD 
randomized clinical Trial.[J]. Annals Am Thorac Soc. 2023;20(12):1743–51.

60.	 Liu W, Zeng Q, Chen Y et al. Role of leptin/osteopontin Axis in the function 
of eosinophils in allergic rhinitis with Obesity.[J]. Mediators of inflammation, 
2018,2018:9138904.

61.	 Banks WA, Coon AB, Robinson SM, et al. Triglycerides induce leptin resistance 
at the blood-brain barrier.[J]. Diabetes. 2004;53(5):1253–60.

62.	 Hernandez JD, Li T, Ghannam H et al. Linking adipose tissue eosinophils, IL-4, 
and leptin in human obesity and insulin resistance.[J]. JCI Insight, 2024,9(3).

63.	 Bapat SP, Whitty C, Mowery CT, et al. Obesity alters pathology and treatment 
response in inflammatory disease.[J]. Nature. 2022;604(7905):337–42.

64.	 Sunadome H, Matsumoto H, Izuhara Y, et al. Correlation between eosino-
phil count, its genetic background and body mass index: the Nagahama 
Study.[J]. Allergology International: Official J Japanese Soc Allergology. 
2020;69(1):46–52.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Association between eosinophil number and overweight status: a nonlinear, bidirectional study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data Source
	﻿Covariates
	﻿Statistical Analysis

	﻿Results
	﻿Baseline characteristics
	﻿Logistic regression results
	﻿Analysis of related indicators
	﻿Subgroup analysis
	﻿RCS analysis

	﻿Discussion
	﻿Conclusion
	﻿References


