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Abstract
Objective To investigate the effect of peripheral blood eosinophil count on the severity and prognosis of
Duchenne Muscular Dystrophy DMD). Method The clinical data of 145 patients with DMD and 150
normal healthy children in the same period were collected retrospectively. The results of the two groups
were analysed and compared. Logistic regression and Cox regression analysis were used to explore the
in�uence of eosinophils on DMD. The relationship between eosinophils and the long-term e�cacy and
prognosis of DMD were followed up.

Result Compared with the control group, the eosinophil count of children in DMD group was slightly
lower(Z=2.163,p=0.031).Eosino-phil count at visit and follow-up was slightly negatively correlated with
muscle strength score to visit and follow-up, and the correlati-on coe�cients were as follows: ρ=-0.245
p=0.040 ρ=-0.137 p=0.032.Eosinophils were the protective factor for high muscle strength score of
visit,OR=0.007,95%CI(0.001-0.276) p=0.008,OR=0.038,95%CI(0.002-0.752), p=0.032 after adjusting for
age and other factors. Eosinophils were also the protective factor for elevated muscle stre-ngth score at
follow-up visit,(OR=0.012,95%CI0.001-0.645,p=0.029), after adjusting for age and other factors
(OR=0.033,95%CI0.001-0.121,p=0.039). Univariate analysis found that eosinophils affected the curative
effect during follow-up visit, HR=2.739,95%CI(1.294-5.979)p=0.008. Further adjustment for age and other
factors multivariate Cox regression analysis found that eosinophils affected the curative effect
(HR=1.127,95% CI 1.109-1.246,p=0.020).

Conclusion The eosinophil count in peripheral blood was related to the severity of DMD, and can predict
the curative effect and prognosis to a certain extent. Eosinophil count may be a potentially useful
predictor.

Full Text
Duchenne muscular dystrophy(DMD) is a rare fatal X-linked recessive hereditary myopathy[1,2]. The
treatment of DMD is always a di�cult problem to date. Dystrophin protein deletion or functional defect
caused by gene abnormality, chronic in�ammatory reaction and oxidative stress are its
pathogenesis[3,4,5]. Immune and in�ammatory processes downstream of dystrophin de�ciency, as well
as metabolic abnormalities, autophagy de�ciency and loss of regeneration are the causes of muscle
pathology of DMD[6]. Regulating in�ammatory response and inducing immune tolerance to the
expression of dystrophin are the key to the success of dystrophin replacement therapy[7].

In�ammatory response plays an important role in DMD. Chronic degeneration and regeneration of muscle
�bers can achieve nuclear factor-κB NF-κB abnormal activation of in�ammatory pathways leads to
progressive membrane injury and eventually muscle degeneration[8]. The increase of proin�ammatory
factors and the inhibition of the  in�ammatory response contribute to improving the muscle strength of
DMD. Some studies suggest that muscle enzymes in children with DMD with in�ammatory level are
elevated[3]. Inhibiting the level of in�ammation in children with DMD is helpful to control the disease [9].
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Is there a simple clinical indicator that can not only re�ect the in�ammatory response level of DMD, but
also simply re�ect the muscle strength state or prognosis of DMD? We hope to be able to �nd a simple
and practical biomarker from the clinical point of view, which can quickly judge the muscle strong state
and muscle injury degree of DMD, and re�ect the prognosis to a certain extent.

Eosinophils are common in�ammatory cells in peripheral blood, which is mainly related to allergy and
parasitic infection. Literature has con�rmed that there is eosinophil in�ltration in DMD muscle tissue, and
literature has con�rmed that it can promote the repair of muscle cells [10]. Eosinophils have recently been
considered as regulators of immune homeostasis, inhibiting the pro-in�ammatory response of
overreaction by secreting speci�c molecules that inhibit the immune response [11] .Peripheral blood
eosinophils are associated with prognosis of some tumors, chronic obstructive pulmonary disease
(COPD) and infectious diseases[12,13]. And peripheral blood eosinophils increase in some tumors has a
relatively good prognosis[14]. Therefore, we explored the relationship between eosinophils in peripheral
blood and the severity, curative effect or prognosis of DMD, hoping to be able to �nd a di�nite regularity.

1. Methods
1.1 Study design

Outpatient and inpatient children with DMD in Hunan children's Hospital from January 1, 2012 to
December 31, 2020 were collected retrospectively.Inclusion criteria:1) Boys aged about 2-5 years (or
slightly less than 2 years) with typical clinical symptoms.2)Genetic testing veri�ed that was DMD. 3)
They had not been dealt with in the time of the visit.

Exclusion criteria:1) DMD was precluded by gene test. 2)There were nothing more serious medical
diseases such as infection, dia-rrhea and allergy, which could affect the examination results.3)The
children did not complete follow-up and related examinations as werequired.4) Withdrawal or loss of
follow-up due to other reasons.150 normal healthy children in the same period were perceived as
thecontrol group. Inclusion criteria:1)Boys were healthy and without o-bvious diseases within 3 months
for follow up.2)They were prepari-ng for vaccination or physical examination in our hospital.3) They 

were normal healthy volunteers participating in the normal reference value plan for blood and other
indicators of normal children in o-ur hospital and Beijing Children's Hospital(after physical examinatio-
n,etc.). Exclusion criteria:1) Children had recent diseases such as in-fection, diarrhea and allergy 2) Those
children who have other de-velopmental abnormalities or other metabolic abnormalities. 3) Therewere
other diseases that may in�uence the results. 4) Exit for otherreasons.This study was approved by the
ethics committee of Hunanchildren's hospital.

1.2 collection of case data

The clinical data of all selected cases was collected retrospectively, including age, and muscle strength
scores. All laboratory data such as blood routine, myocardial enzyme spectrum,etc were collected, but
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vitamin D3 at the time of visit, n=55 at follow-up visit n=46 and C-reactive protein (CRP ) At the time of
visit n=62 at follow-up visit n=41 levels were collected in some children.All blood routine and
biochemical tests were at a.m.8: 00 or so.

1.3 treatment

All children with DMD choose the treatment plan according to the condition of the children and the
informed consent of their parents. 1) Conservative treatment: After learning that the disease was
incurable at present, some parents choose to give up regular prednisone treatment and only gave
conservative treatment such as fructose sodium diphosphate and coenzyme Q10. A few parents of
children had not decided how to give conservative treatment during the treatment period, but they were
followed up regularly. 2)Prednisone therapy (Children started treatment around the age of 5, and some
may be slightly delayed.), and the side effects were monitored regularly. Prednisone’s dose was
0.75mg/d, QD. Children were routinely supplemented with calcium and vitamin D.

1.4 Folow up

The patients were followed up regularly after discharging or leaving the hospital, and returned to the
outpatient clinic every 3-6 months to evaluate muscle strength and development. The follow-up was
terminated on April 30, 2021. The e�cacy at the last follow-up visit was taken as the termination event
(Invalid as the end event, i.e. the muscle strength score increased by 1 point or more, and other cases
were censored events).

1.5 statistical treatment

If all data were normally distributed, they were expressed as mean± standard deviation. If the distribution
was skewed, it was expressed as the median (P25, P75). For normal distribution data, independent
sample t-test or paired t-test was used for mean comparison (t 'test is used for uneven variance), and
independent sample Mann-Whitney U test was used for non normal distribution. Pearson correlation
analysis was used for normal distribution data, and Spearman correlation analysis was used for non
normal distribution data. Logistic regression was used to evaluate the risk factors, Kaplan-Meier analysis
and Cox regression analysis were used to explore the impact of various factors on the treatment effect.
All data were processed using SPSS 24.0. P<0.05 was statistically signi�cant.

2. Results
2.1 Comparison of general data between children with DMD and normal control group

A total of 287 children entered this study, except that 80 cases had not completed blood routine and
muscle enzyme tests as required, 40 cases lost the follow up because they did not follow-up on time or
change their contact information, 22 cases withdrew because of pulmonary infection and diarrhea during
treatment or follow up, and the remaining 145 children completed the study.150 children in the control
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group were healthy children in the same period. The level of eosinophils was 0 at 0-0.1x109/l, and greater
than or equal to 0.1x109/l was 1. The results of gene testing showed that 145 cases completed gene
testing, including 92 cases of gene deletion (80 cases of large fragments and 12 cases of small
fragments), 22 cases of gene duplication and variation (4 cases of single exon duplication, 16 cases of
multi exon duplication) and 31 cases of point mutation (4 missense variants, 16 nonsense variants, 6
frameshift variants, 5 splice variants).The mean follow up time of DMD patients was 1.67 0.50,3.25
years.The comparison of age, blood routine and biochemical results between the two groups is shown in
Table 1.

Table 1  Comparison of baseline data between patients with DMD and normal control group

  Case group

N=145

Control group

N=150

Value P

Age 3.83 1.42,6.08 2.92 1.17,5.92 -0.795 0.427

Total protein 66.18±4.13 68.66±4.41 4.820 0.000

Albumin 42.52±3.71 46.74±2.39 11.042 0.000

Globulin 23.67±3.87 21.93±3.02 4.193 0.000

Urea nitrogen 3.82±1.31 4.58±1.07 4.463 0.000

White blood cell 8.00 6.39 9.82 7.55 6.40 9.41 0.880 0.379

Neutrophils 3.43 2.52 4.36 2.87 2.30 3.86 2.723 0.006

Lymphocyte 3.34 2.69 4.03 3.47 2.87 4.73 -1.407 0.159

Monocyte 0.35 0.27 0.49 0.41 0.32 0.59 -2.896 0.004

Red blood cell 4.65±0.37 4.79±0.39 3.060 0.002

Hemoglobin 122.83±10.29 128.51±9.89 4.651 0.000

Eosinophils 0.16 0.09 0.29 0.21 0.12 0.32 2.163 0.031

Basophil 0.01 0.003 0.02 0.01 0.002 0.03 0.940 0.347

Platelet 311.24±92.23 308.32±65.48 0.297 0.767

Vitamin D3 47.91±11.48 82.60±23.12 6.439 0.000

Creatinine

Proportion of eosinophils

18.41±7.79

0.02 0.01,0.03

35.25±10.18

0.03 0.02,0.05

13.375 

3.454

0.000

0.001
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A total of 145 children with DMD completed this follow up study. Compared with the �rst visit, the
eosinophil count, erythrocyte, hemoglobin and uric acid etc  at the follow-up visit were statistically
signi�cant (P < 0.05 or 0.01).The comparison of baseline data between the initial visit and the follow-up
visit is shown in Table 2.

Table 2 Comparison of data between the �rst visit and follow-up visit of children with DMD
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  At visit

N=145

Follow

Up

N=145

Value P

Age 3.83 1.42 6.08 5.25 3.16 7.16 10.449 0.000

Total bilirubin 7.89 6.00 10.90 7.92 6.30 10.49 -0.484 0.629

Direct bilirubin 2.70 1.90 3.66 2.33 1.60 3.20 1.733 0.083

Indirect bilirubin 5.30 3.80 7.58 5.70 4.20 7.30 0.566 0.577

Total protein 66.18±4.13 66.24±4.29 0.425 0.672

Albumin 42.52±3.71 42.62±3.35 0.049 0.961

Globulin 23.67±3.87 23.62±2.97 0.398 0.692

Creatinine 18.41±7.79 23 41±9.17 2.933 0.006

Urea nitrogen 3.82±1.31 3.68±0.98 0.233 0.817

Uric acid 216.59±71.59 249.46±58.45 2.245 0.035

Total bile acid 4.40 3.00 8.07 3.40 2.20 4.87 -2.867 0.004

CK 4177.00 1698.70
9831.30

7108.30 1993.2
11755.30

2.074 0.038

CK-MB 188.8 109.76 298.00 184.09 119.35 284.58 1.441 0.149

LDH 1203.6(790.00,1322.00) 994.00 760.00
1262.60

-1.039 0.229

Alanine
aminotransferase

322.70±181.07 303.75±140.55 1.240 0.218

Aspartate
aminotransferase

244.2 139.60 315.00 195.90 146.90 292.70 2.001 0.045

Eosinophils 0.16 0.09 0.29 0.11 0.07 0.19 2.251 0.032

Basophil 0.01 0.003 0.02 0.01 0.01 0.02 0.766 0.444

Red blood cell 4.65±0.37 4.85±0.42 4.577 0.000

Hemoglobin 122.83±10.29 129.99±12.50 5.521 0.000

CRP 0.75 0.18 1.21 0.50 0.30 0.84 1.521 0.128

Platelet 311.24±92.23 299.76±66.14 1.079 0.284

Vitamin D3 47.91±11.48 45.22±9.23  1.155 0.307

Vignos  2 1,3 2 1,3 0.780 0.435
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scale

Neutrophils 3.43 2.52,4.36 3.19 2.71,4.41 0.895 0.371

Lymphocyte 3.34 2.69,4.03 3.51 2.51,4.27 0.330 0.741

Monocyte 0.35 0.27,0.49 0.40 0.33,0.52 -1.108 0.268

Proportion of
eosinophils

0.02 0.01,0.03 0.02 0.01,0.03 1.105   0.269

 

2.3 The effect of eosinophils on muscle strength score

The correlation coe�cient between eosinophils and vitamin D3 in the normal control group was ρ=
0.299 p=0.012. The correlation coe�cient between eosinophils and vitamin D3 in DMD group was ρ=
0.563 p=0.001. The correlation coe�cient between eosinophils and vitamin D3 was ρ= 0.267 p=0.207.

Correlation coe�cient between eosinophils and CRP at visit ρ=-0.271 p=0.046,eosinophils and CRP at
follow-up visit ρ=- 0.189 p=0.035.

Correlation coe�cient between age and visit score was ρ=0.528, p =0.000, correlation coe�cient between
follow-up age and follow-up score was ρ=0.512, p=0.000,that was Statistically signi�cant, The partial
correlation analysis of controlling age found that the partial correlation coe�cient between eosinophil
count and visit score at visit was -0.155, p= 0.047, and the partial correlation analysis at follow-up visit
was 0.082, p = 0.489.

Correlation coe�cient between eosinophils to visit and score of visit was ρ=-0.245, p=0.040. Correlation
coe�cient with lymphocytes was ρ= 0.257, p=0.004, correlation coe�cient with monocytes was ρ=-0.195,
p =0.032. These were statistically signi�cant.

Correlation coe�cient between follow up visit eosinophils and fo-llow-up scores was ρ=-0.137,
p=0.032. There was statistically signif-icant.Correlationcoe�cient between eosinophils with lymphocytes
at follow-up visit was ρ=0.038,p=0.716. Correlation coe�cient betweeneosinophils and monocytes at
follow-up visit was ρ=0.46,p=0.656.T-here was no statistical signi�cance. Correlation coe�cient between
eosinophils and lymphocytes to the �rst visit was ρ=0.244, p=0.007,monocyte correlation coe�cient was
ρ=0.182, p=0.044.

2.4 Effects of different treatment methods on eosinophil count

There were 95 children in the prednisone treatment group. The number of eosinophils was 0.15
(0.08,0.25) at the time of treatment and 0.08 (0.05,0.17) at the time of follow-up. The comparison before
and after treatment was Z=3.157,p=0.002. The correlation coe�cient between the follow-up score and
follow-up eosinophils was ρ=-0.092,p=0.573, and the correlation coe�cient between visit score and
eosinophils was ρ=-0.259,p=0.041.
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There were 50 children in the conservative treatment group.The number of eosinophils in the conservative
treatment group was 0.19 (0.10,0.31) at the time of visit and 0.20 (0.11,0.27) at the time of follow-up. The
comparison before and after treatment was Z=0.270, p= 0.787. The correlation coe�cient between the
follow-up score and eosinophils was ρ=-0.233,p=0.004, and the correlation coe�cient between visit score
and eosinophils was ρ=-0.212,p=0.043. Comparison of eosinophils in the conservative treatment group
and prednisone treatment group before treatment, Z=1.464, p=0.143, There was no statistical difference.
There was statistical difference after treatment, Z=4.559, p=0.000.

2.5 Eosinophils affected muscle strength score of DMD

Single factor regression analysis of DMD muscle strength score revealed that the age of visit
(OR=1.453,95% CI 1.180-1.789. p=0.000),creatinine (OR=0.865,95% CI 0.754-0.953. p=0.039)
lymphocyte (OR =0.646,95%CI0.434-0.960 p=0.031),mononuclear(OR=0.046,95%CI0.003-0.849.
p=0.038) eosinophils (OR=0.007,95% CI 0.001-0.276. p=0.008) were statistically signi�cant. Age was a
risk factor and  others were protective factors for muscle strength score.

In the multivariate regression controlling for age and other factors, it was found that eosinophils
(OR=0.038,95% CI 0.002-0.752. p=0.032) were protective factors of muscle strength score. The higher the
eosinophils, the lower the score, the higher the muscle strength. The results of multivariate regression of
in�uencing factors of muscle strength at the �rst visit are shown in Table 3.

Table 3 Multivariate regression analysis of muscle strength scores in children with DMD 

  B SE Wald Exp B 95%CI P

Age 0.962 0.331 8.474 2.619 1.369-5.003 0.004

Lymphocyte -0.633 0.412 2.362 0.531 0.237 -1.190 0.124

Eosinophils -3.324 1.551 4.590 0.038 0.002 -0.752 0.032

Constant           1.094 0.893 5.991 2.983   0.672

 

Using univariate regression of follow-up score we found the age of follow-up(OR=1.334,95%CI1.134-
1.570,p=0.000),treatment(OR=0.404,95%CI0.178-0.918.p=0.030),lymphocytes(OR=0.630,95%CI0.439-
0.904. p=0.012),monocytes (OR=0.015,95%CI 0.001-0.405.p=0.013),Visit score (OR=11.543,95% CI5.607-
26.297.p=0.000).Following up eosin-ophils (OR=0.012,95% CI0.001-0.645.p=0.029),Eosinophils at visit
(OR=0.016,95%CI0.002-0.586,p=0.024) were statistically signi�cant.

Further control of age and other factors was discovered by multivariate
regression,treatment(OR=0.167,95%CI0.030-0.931,p=0.041),Visit score (OR=13.582,95% CI 1.332-138.492.
p=0.028),The effect of follow-up eosinophils (OR=0.033,95%CI 0.001-0.8 21,p=0.039) on muscle strength
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score was statistically signi�cant.The results of multivari-ate regression of muscle strength
in�uencingfactors during follow-up are shown in Table 4.

Table 4   Multivariate regression table of DMD follow-up muscle strength score 

  B SE Wald Exp B 95%CI P

Follow up age 1.042 0.626 2.768 2.834 0.831-9.668 0.096

Treatment -1.788 0.876 4.167 0.167 0.030-0.931 0.041

Score at visit 2.609 1.185 4.849 13.582 1.332-138.492 0.028

Follow up eosinophils -5.721 2 764 4.283 0.033 0.001-0.821 0.039

Constant -3.738 1.583 5.577 0.024   0.018

 

2.6 Analysis of the effect of eosinophils on the e�cacy of DMD

Using univariate Cox regression analysis we found that the age of visit (HR=0.851,95% CI 0.771-
0.939,p=0.001), treatment (HR=3.362,95% CI1.222-5.607,p=0.000) and visit score (HR=0.637,95% CI
0.454-0.863. p=0.002),Lymphocytes(HR=1.056,95%CI1.003-
1.111,p=0.037),Granulocytes(HR=0.785,95%CI0.457-0.954,p=0.048) follow up gra-nulocytes
(HR=0.481,95% CI0.254-0.912. p=0.025), Albumin (HR=1.131,95% CI 1.060-1.206.p=0.002),Follow up
eosinophils(HR=2.739,95%CI1.294-5.979. p=0.008) there were statistically signi�cant.

After further analysis of other factors, multivariate regression we found age at visit
(HR=0.827,95% CI0.701-0.974.p=0.023),visit sco-re (HR=0.354,95% CI0.465-
0.942.p=0.008),treatment(HR=7.596,95% CI2.138-26.990,p=0.002),eosinophils (HR=1.127,95% CI 1.109-
1.246,p=0.020), these were statistically signi�cant. It suggests that the higherthe eosinophils, the better
the curative effect.  Multivariate Cox regression results affecting the e�cacy of DMD in children are
shown in Table 5.

Table 5 Cox multivariate regression table of effective treatment in children with DMD  

  B SE Wald HR 95%CI P

Follow up eosinophils 0.119 0.051 5.399 1.127 1.109-1.246 0.020

Visit score -0.471 0.156 7.006 0.354 0.465-0.942 0.008

Treatment 2.208 0.647 9.825 7.596 2.138-26.990 0.002

Age of visit -0.191 0.084        5.176        0.827         0.701-0.974 0.023
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Kaplan-Meier analysis of different levels of eosinophils at follow-up showed that there were signi�cant
differences in the effective maintenance time of different levels of eosinophils for the treatment of DMD,
see Fig. 1. The higher the level of eosinophils, the longer the effective maintenance time of treatment.
There are also signi�cant differences in the effective maintenance time of DMD treatment by different
treatment methods during follow-up visit, see Fig. 2 The curative effect of prednisone treatment is
signi�cantly better than that of conservative treatment.

In Cox regression, it was found that there were also signi�cant differences in the e�cacy of different
levels of eosinophils on DMD, see Fig. 3 The higher the level of eosinophils, the better the curative effect.

Discussion
A considerable amount of evidence shows that the in�ammatory response has an in�uence on DMD.The
continuous in�ammatory response aggravates the disease severity of DMD [3,9]. Chronic in�ammatory
response is also the pathological feature of DMD muscle disease. These patients were accompanied by
elevated levels of in�ammatory factors such as interleukin-6(IL-6) and interferon-γ(IFN-γ), tumor necrosis
factor-α(TNF-α),etc. There is also strong evidence that anti-in�ammatory treatments such as prednisone
therapy are effective. How to use a simple and effective marker to evaluate the level of in�ammatory
response in children with DMD is also a meaningful thing.

There is a chronic in�ammatory response in children with DMD, and eosinophils are also engaged in the
immune in�ammatory response, although they are not the mainstream. Our partial correlation analysis
found that there was a certain correlation between eosinophils and muscle strength score, which also
con�rmed that eosinophils had a certain effect on muscle strength.Our study con�rmed that the level of
eosinophils in children with DMD was negatively correlated with blood CRP. So it was negatively
correlated with the level of in�ammation in vivo. Therefore, the level of peripheral blood eosinophils was
also negatively correlated with systemic in�ammatory response, which apears to be related to the down-
regulation of in�ammatory response. Compared with the case group, the level of eosinophils in the
normal control group was slightly higher, and the difference was statistically signi�cant.

Why? It is widely believed that eosinophils are a kind of in�-ammatory cells, which are related to allergy
and parasitic infection. Its increase represents an in�ammatory response. Why is it negatively correlated
with CRP? A COPD study also con�rmed that the e-osinophil count in peripheral blood was negatively
correlated with CRP. The explanation of this article is that eosinophils enter the lung tissue when the
in�ammatory reaction is obvious, so the eosin-ophils in blood decreased [15]. Therefore, we speculate
that there is a similar reason. It may be that eosinophils enter the muscle tissue,so the eosinophils in
peripheral blood of DMD group are slightly lower than those of normal control group, and the proportion
of eosinophils is the same.Is it related to the inhibition of the in�am-matory response by eosinophils?
Eosinophils can maintain Th1/Th2 (T helper1/T helper2) immune  balance and inhibit excessive inf-
lammatory response in the body[16].Therefore, we believe that eosi-nophils can inhibit the excessive
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in�ammatory response in children with DMD. However, we still don't know what the cause is, whichneeds
to be further studied.

Correlation analysis with motor score showed that the higher the eosinophilia, the lower the Vignos score,
and the better the motor function. The lower the eosinophils, the worse the curative effect, as showed in
the �gure 1. However, it should be noted that the literature con�rms that the number of eosinophils in
peripheral blood is not related to the number of eosinophils in DMD muscle [17]. Therefore, this did not
represent the number of eosinophils in muscle. The relationship between its change and the disease can
not be compared with the relationship between the number of eosinophils in muscle and the disease.

Using univariate logistic regression we found that eosinophils were the protective factors with high motor
function score whether at the time of visit or follow-up visit. This result was also supported after
eliminating factors such as age, and drugs. After treatment, it was found that the lower the eosinophils in
the prednisone treatment group, the more poor the curative effect. See the results of univariate Kaplan-
Meier analysis, and the multivariate Cox regression also supports this conclusion. 

The effect of eosinophils on the e�cacy of DMD may come from its protective effect on muscle strength.
Our study found that eosinophils were negatively correlated with exercise score before treatment, that is,
positively correlated with muscle strength, and this correlation disappeared after prednisone treatment.
However, Kaplan-Meier analysis and multivariate Cox analysis can still �nd this effect. At the time of
follow-up, this correlation still existed in the conservative treatment group. It shows that eosinophils have
a certain protective effect on DMD muscle strength. As for its mechanism, it is not very clear at present
and needs to be further studied. Recent animal experiments have con�rmed that eosinophils do not
mediate the acute muscle injury of DMD[18], and it is unclear whether this is the case in humans.
Therefore, eosinophils play a certain role in DMD muscle repair [10].But we also need further evidence.

In addition to regulating calcium and phosphorus metabolism and preventing osteoporosis, vitamin D3
also has immunomodulatory effect. It can down regulate the in�ammatory response, which is of certain
signi�cance in multiple sclerosis and Systemic lupus erythematous(SLE) [19,20]. Vitamin D3 can down
regulate the in�ammatory response through the vitamin D receptor, enhance Treg ( T regulatory) cell
function and induce immune tolerance. Our study con�rmed that the level of vitamin D3 in DMD group
was signi�cantly lower than that in normal control group, so its ability to down regulate the in�ammatory
response was signi�cantly lower than that in normal control group.Our study con�rmed that eosinophils
are positively correlated with vitamin D. Whether they have the same ability to down regulate
in�ammatory response as vitamin D remains to be further studied. The higher correlation between
eosinophils and vitamin D in DMD group is due to the lower vitamin D level and lower eosinophils in DMD
group than that in normal control group.   

Eosinophils are closely related to lymphocytes. Our study con�rmed that they slightly relate to
lymphocytes. Eosinophils need lymphocyte activation. T lymphocytes are involved in the in�ammatory
response of DMD. Early studies con�rmed that T cells decreased after prednisone treatment in patients
with DMD, accompanied by reduced muscle necrosis and �brosis. Muscle lymphocytes in patients with
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DMD. Our study con�rmed that peripheral blood lymphocytes were the protective factor(univariate) of
muscle strength score at the time of visit. Unfortunately, there was no signi�cant statistical signi�cance
in further multivariate regression. It may be due to the insu�cient number of cases or other interfering
factors, or because the blood routine of follow-up visit was not a �xed time (The proportion of
lymphocytes in children of different ages was different.), which could not be compared. All of these
needs to be further studied. Studies have con�rmed that the number of CD8/CD26 T cells in peripheral
blood of patients with DMD is positively correlated with quantitative muscle score (QMT) (the higher the
number, the higher the muscle strength), which is consistent with our results [21]. Studies have reported
that CD49d can be used as a marker and potential therapeutic target of DMD disease process [22].

Eosinophils are also activated by monocytes, which participate in the in�ammatory response of DMD.
Monocyte macrophages appear in the early stage of muscle injury, in which M1 Monocyte 1  mainly
mediates the in�ammatory response, and M2 Monocyte 2  inhibits this response to repair muscle
cells[23]. Animal experiments have con�rmed that in�ammatory monocytes improve the prognosis of
DMD and may play a role through Chemokine receptor-2(CCR2) [24].

For DMD, the deletion of dystrophin protein is caused by genetic reasons. With the increase of age,
muscle damage and symptoms, DMD generally loses motor function at about 12 years old ( if untreated).
The in�uence of age on sport score is obvious. With the increase of age, the vignos score gradually
increases. Our research also supports this. Our Cox regression also found that the effective rate of
treatment was getting lower with the increasing of age. With the increase of age, the interaction between
the chronic activation of innate immunity and the degradation and regeneration of asynchrony and
proximity produced an uncoordinated repair response, and this repair response itself may promote the
development of the disease. With the increase of age, this trend is more obvious.

At present, more effective treatment of DMD is prednisone, but the adverse reactions of long-term
treatment are also obvious. Relatively speaking, difecolate is more effective than prednisone (our patients
did not choose this case because the number of using this drug was too small) [25]. Although the
mechanism of prednisone treatment of DMD is not particularly clear [26, 27]. Our study con�rmed that
prednisone can control the in�ammatory response.Logsitic regression suggests that prednisone has a
protective effect on muscle strength score, that is, muscle strength can be improved with prednisone
treatment. Further Cox regression further con�rmed that prednisone was effective, which was consistent
with the literature report [28].

The de�ciency of this study was that the number of cases was not much, the follow-up data were not
enough, and the 6-minute walk test was not completed (It was a retrospective study some children did
not cooperate). The follow-up time of DMD children was not long enough.The data were all
retrospective,many factors cannot be intervened,and it was more meaningful to have prospective study
data. In this study, the number of muscle eosinophil and cytokine level on DMD was not further discussed
in detail and in-depth at a higher level. In addition, this study did not involve speci�c mechanisms.
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Another disadvantage was that the detected eosinophils in peripheral blood cannot represent the
in�ltration level of eosinophis in DMD muscle,and the latter may be more valuable. 

In conclusion, eosinophils in peripheral blood of children with DMD can re�ect muscle strength score and
peripheral blood in�ammatory response,which may be related to the curative effect, clinically signi�cant
and re�ect the prognosis to a certain extent. It may be clinically possible to preliminaries evaluate the
condition and predict the curative effect by eosinophils count.
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Figure 1

Effects of different eosinophil levels on the e�cacy of DMD
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Figure 2

Effects of different treatment methods on the e�cacy of DMD



Page 22/22

Figure 3

Effects of different eosinophil levels on the e�cacy of DMD


