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Abstract: White blood cell count to mean platelet volume ratio (WMR), a combination of both WBC and mean platelet volume, has been reported as a novel and promising prognostic marker in patients with non-ST elevation acute
coronary syndrome and ST-segment elevation myocardial ınfarction. We speculated that WMR, a combination of
two inflammatory marker (WBC and mean platelet volume), may be a novel inflammatory marker. Since the presence of inflammation plays an important role in the pathogenesis of myasthenia gravis (MG), we aimed to evaluate
diagnostic information of admission WMR and the relationship between admission WMR and disease disability and
progression in patients with MG. Venous blood was drawn and hematological parameters were obtained from 373
individuals comprising 185 patients with MG and 188 healthy controls (HC). We confirmed that admission WMR
in MG patients were significantly higher than those in the HC group. We also found that WMR has the highest area
under ROC curve (AUC 0.733, 95% CI, 0.685 to 0.778) and WMR has the highest discriminative ability for differentiating MG patients from healthy controls .Moreover, the relative increase in the mean WMR of the patients with MG
were observed to be positively correlated with the degree of disease disability expressed by the MGFA clinical classification (r = 0.234, P = 0.001). Multiple regression analysis suggested that WMR was independently associated
with the degree of disease disability performed by the MGFA scores after adjustment by CRP, PLR. In conclusion,
we evidenced that WMR could be considered as a novel inflammatory marker in patients with MG. Furthermore, we
demonstrated that WMR was positively correlated with disability in patients with MG.
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Introduction
Myasthenia gravis (MG) is an autoimmune disease of the neuromuscular junction, which is
clinically characterized by painless fluctuating
weakness and fatigability of skeletal muscles
[1]. Previous study reported that the incidence
of MG varies between 1 and 2 and 5 and 15 per
100,000 population [1, 2]. As multiple factors
are involved in the pathogenesis of MG, the etiology of MG remains unclear. It has been
reported that the pro-inflammatory cytokines

such as serum interleukin (IL)-17 levels are significantly increased and correlated with MG
severity [3]. Furthermore, a multitude of literature suggests that the presence of inflammation and the regulation of immune response by
cytokines play an important role in the pathogenesis of MG [4-6].
White blood cell count to mean platelet volume
ratio (WMR), a combination of both white blood
cell (WBC) and mean platelet volume (MPV),
was defined as the ratio of absolute white blood

WMR in patients with MG
Table 1. MGFA clinical classification
Class I

Any ocular muscle weakness
May have weakness of eye closure
All other muscle strength is normal

Class II

Mild weakness affecting other than ocular muscles
May also have ocular muscle weakness of any severity

IIa

Predominantly affecting limb, axial muscles, or both
May also have lesser involvement of oropharyngeal muscles

IIb

Predominantly affecting oropharyngeal, respiratory muscles, or both
May also have lesser or equal involvement of limb, axial muscles, or both

Class III

Moderate weakness affecting other than ocular muscles
May also have ocular muscle weakness of any severity

IIIa Predominantly affecting limb, axial muscles, or both
May also have lesser involvement of oropharyngeal muscles
IIIb Predominantly affecting oropharyngeal, respiratory muscles, or both
May also have lesser or equal involvement of limb, axial muscles, or both
Class IV

Severe weakness affecting other than ocular muscles
May also have ocular muscle weakness of any severity

IVa Predominantly affecting limb and/or axial muscles
May also have lesser involvement of oropharyngeal muscles
IVb Predominantly affecting oropharyngeal, respiratory muscles, or both
May also have lesser or equal involvement of limb, axial muscles, or both
Class V

Defined by intubation, with or without mechanical ventilation, except when used during routine postoperative management. The use
of a feeding tube without intubation places the patient in class IVb

MG, myasthenia gravis; MGFA, Myasthenia Gravis Foundation of America.

cell count divided by mean platelet volume [7,
8]. Moreover, WMR has been reported as a
novel and promising prognostic marker in
patients with non-ST elevation acute coronary
syndrome [7] and ST-segment elevation myocardial ınfarction [8]. White blood cell count
and its subtypes are well-known to be markers
of systemic inflammation. Mean platelet volume (MPV) is a potentially useful biomarker of
platelet function and activity. Growing evidence
indicates that MPV was correlated with inflammation process as well as disease activity in
several chronic diseases such as inflammatory
bowel disease (IBD) [9], rheumatoid arthritis
[10]. Therefore, we speculated that WMR, a
combination of two inflammatory marker (WBC
and mean platelet volume), may be a novel
inflammatory marker.
Since the presence of inflammation plays an
important role in the pathogenesis of MG [4-6],
in this study we aimed to evaluate diagnostic
information of admission WMR and the relationship between admission WMR and disease
disability and progression in patients with MG
based on previous study.
Material and methods
We enrolled 373 individuals comprising 185
patients with myasthenia gravis (MG) and 188
890

healthy controls (HC) who underwent a health
examination in the First Affiliated Hospital of
Wenzhou Medical University, from February
2009 to March 2015. All patients with MG were
hospitalized and had definite MG based on the
standard clinical diagnostic criteria of Drachman [11]. In addition, the severity of MG (Table
1) was estimated according to the universally
accepted Myasthenia Gravis Foundation of
America (MGFA) clinical classification on admission [12]. The exclusion criteria were as follows:
hematologic diseases, blood transfusion, other
autoimmune diseases, lymphoproliferative disorders, infections, anemia as well as hepatosplenic diseases [13, 14].
Venous blood was drawn and was used for the
analysis of biochemical measurements by venipuncture in the morning after an overnight fasting using a Clinical Analyzer Beckman Coulter
AU5831 (Beckman Coulter, California, American). The following hematological parameters
were obtained from each patient: white blood
cell count (WBC), neutrophil count, lymphocyte
count, platelet count, mean platelet volume
(MPV), C-reaction protein (CRP). Moreover,
WMR and Platelet-to-lymphocyte ratio (PLR)
were calculated and the MGFA scores (given as
1-5, corresponding to I-V) was used to assess
the disease disability according to the sympInt J Clin Exp Med 2017;10(1):889-896
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Table 2. Clinical characteristic of the subjects
MG
n
Number
Age (Years)
Sex (F/M)
Ethnicity
WBC (×109/L)
Neutrophils (×109/L)
Lymphocytes (×109/L)
Platelet (×109/L)
MPV (fl)
PLR
CRP (mg/L)

185
185
185
185
185
184
184
185
183
184
40

Result
185
45.59±16.83
98/87
Asian, Han
6.80 (5.30, 8.99)
4.05 (2.90, 5.93)
2.00 (1.47, 2.50)
211.89±57.61
9.69±1.61
103.97 (78.28, 139.94)
3.46 (1.69-6.66)

n
188
188
188
188
188
188
188
188
188
188

HC
Result
188
47.22±14.27
99/89
Asian, Han
5.71 (4.65, 6.75)
2.99 (2.41, 3.88)
2.00 (1.59, 2.40)
222.68±51.18
10.79±1.00
112.60 (86.84, 141.83)

Reference

P
0.461
0.952

4.0-10.0
2.0-7.0
0.8-4.0
100-300
8.9-11.5

<0.001
<0.001
0.977
0.056
<0.001
0.244

0-8

Abbreviations: MG, myasthenia gravis; HC, healthy controls; WBC, white blood cell; MPV, mean platelet volume; PLR, Platelet to
lymphocyte ratio; WMR, white blood cell count to mean platelet volume ratio; CRP, C-reactive protein.

Figure 1. WMR in patients with MG and HC. MG, myasthenia gravis; HC, healthy controls. ***P<0.001.

toms and laboratory test results recorded in
the medical records [15]. This study was approved by the Ethics Committee of the First
Affiliated Hospital of Wenzhou Medical University.
Statistical analysis
Platelet-to-lymphocyte ratio (PLR) was defined
as the ratio of absolute platelet count divided
by the absolute lymphocyte count and white
blood cell count to mean platelet volume ratio
(WMR) was defined as the ratio of absolute
white blood cell count divided by mean platelet
volume.
The statistical software Statistical Program for
Social Sciences (version 21.0, SPSS Inc, Chi891

cago, IL, USA) and Medcalc 11.4.2 (MedCalc
Software, Mariakerke, Belgium) were used for
all statistical analyses. The comparisons of the
data with normal distribution between patients
with MG and HC were performed using independent Student’s t test. Otherwise, the MannWhitney U-test was used. As the data of WMR
in patients with MG were continuous variables
with normal distribution, WMR levels of different subgroups of patients with MG graded
according to the MGFA Clinical Classification
was analyzed by one-way ANOVA. The comparisons of WMR between two subgroups of
patients with MG were carried out using the
LSD (L) test. Enumeration data were expressed
as numbers and percentiles and compared by
Chi-square test. Correlations between two variables were evaluated using the Spearman
approach. Besides, a multiple linear regression
model was used to assess the relationship
between PLR, CRP, WMR and MGFA scores. All
P values are 2-sided and p-values less than
0.05 were considered statistically significant.
Results
Clinical characteristic of the subjects
Clinical features, characteristics and laboratory
findings of the 185 MG patients and 188
healthy controls are presented in Table 2. No
significant differences were observed between
the two groups regarding age, gender, ethnicity,
Lymphocytes, platelet, PLR. In addition, WBC
and neutrophil count were increased in MG patients (P<0.001) while MPV was decreased
(P<0.001).
Int J Clin Exp Med 2017;10(1):889-896
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Table 3. WMR in patients with MG
Variables
Result
Duration of disease (years)
≤1 (n = 129)
783.15±345.83
>1 (n = 53)
914.10±458.88
Age of onset (years)
≤50 (n = 116)
391.80±146.64
>50 (n =68)
779.70±389.45
MGFA
I (n = 68)
745.64±326.53
II (n = 56)
756.40±346.70
III (n = 28)
799.50±371.35
IV (n = 17)
955.72±360.73
V (n = 14)
1288.74±529.81
MGFA
IIa, IIIa, IVa (n = 43)
774.99±322.83
IIb, IIIb, IVb (n = 58)
821.85±386.24
Thymus histology
Nonthymoma (n = 108) 705.25 (508.44-908.70)
Thymoma (n = 72)
833.08 (545.74-1030.79)

T/F/Z
-1.871

P
0.065

-7.892 <0.001

7.675 <0.001

-0.646 0.520

-1.558

0.119

82.50% PPV, 66.50% NPV), a
Neutrophil of 4.56 (44.57%
sensitivity, 88.30% specificity,
78.80% PPV, 61.90% NPV), a
Platelet of 184.00 (33.51%
sensitivity, 79.79% specificity,
62.00% PPV, 54.90% NPV), A
PLR of 74.21 (20.65% sensitivity, 90.43% specificity, 67.90%
PPV, 53.80% NPV), a WBC
of 7.67 (40.54% sensitivity,
89.36% specificity, 78.90%
PPV, 60.40% NPV), a MPV
of 9.80 (52.46% sensitivity,
85.11% specificity, 77.40%
PPV, 64.80% NPV) were found
as cut-off values for differentiating MG patients from healthy
controls.

WMR has the highest area
under ROC curve (AUC 0.733,
95% CI, 0.685 to 0.778) and
WMR, white blood cell count to mean platelet volume ratio; MG, myasthenia
pairwise comparisons of the
gravis; MGFA, Myasthenia Gravis Foundation of America.
ROC curves revealed that WMR
has the highest discriminative
WMR in MG patients and healthy controls
ability for differentiating MG patients from
healthy controls (Figure 2; Table 5; Table S1).
As shown in Figure 1, WMR in MG patients
(818.24±386.67) were significantly higher than
Correlations of WMR with the clinical characthose in the HC group (545.79±159.12, P<
teristics in MG patients
0.001). WMR in patients with long disease
duration (>1 year) (914.10±458.88) were not
As shown in Table 3 and Figure 3, the relative
significantly higher than those in patients with
increase in the mean WMR of the patients with
short disease duration (≤1 year) (783.15±
MG were positively correlated with the degree
345.83, P = 0.065) (Table 3). Moreover, we
of disease disability expressed by the MGFA
found that WMR in patients with early-onset
clinical classification (r = 0.234, P = 0.001).
MG (age at onset ≤50 years) were significantly
PLR is an inflammatory index in routine blood
lower when compared with those in the latetest and its change associate with inflammaonset MG (age at onset >50 years) (P<0.001)
tion and cytokines in several diseases such as
(Table 3). There were no significant differences
SLE [14] and epithelial ovarian cancer [16].
between the WMR of patients with thymoma
Thus, in our study, PLR is also included into the
shown on MRI or computed tomography and
multiple linear analysis. In addition, WMR posipatients without thymoma (P = 0.119) (Table
tively correlated with CRP (r = 0.359, P = 0.023)
3). Likewise, there were no significant differ(figure not shown). As WMR are influenced by
ences between Class IIa, IIIa, IVa (absence of
CRP and other inflammatory parameters, a
bulbar involvement) and Class IIb, IIIb, IVb
multiple linear analysis, including CRP, PLR and
(presence of bulbar involvement) (P = 0.520)
WMR, was conducted to evaluate the correla(Table 3).
tion of WMR and the MGFA scores after adjustment by other factors. WMR was associated
WMR could differentiate MG patients from
with WBC and MPV while PLR (an accepted
healthy controls
inflammatory marker) was associated with
Platelet and Lymphocytes. Therefore we did not
Cut-off values for WMR, Neutrophil, Platelet,
include WBC, Neutrophils (the biggest subtype
PLR, WBC, and MPV were calculated by receivof WBC), Lymphocytes, Platelet, MPV into the
er operating characteristics curves. A WMR of
Multiple linear regression in order to eliminate
726.21 (54.10% sensitivity, 88.83% specificity,
892
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than those in the HC group.
The cut-off value for the WMR
for predicting the presence
of MG was determined as
726.21 (54.10% sensitivity,
88.83% specificity). Besides,
we demonstrated that there
were significantly positive correlations between the WMR
and CRP (r = 0.359, P =
0.023). In addition, we also
found that WMR are positively correlated with disability
assessed by the MGFA clinical
classification in patients with
MG.
As an exemplificative model
for MG, experimental autoimmune myasthenia gravis (EAMG) is a B-cell mediated, Tcell-dependent autoimmune
disease of the neuromuscular
junction in which the nicotinic
acetylcholine receptor (AChR)
Figure 2. Receiver operating characteristic curves of WMR, Neutrophil, Plateacts as the autoantigen [17].
let, PLR, WBC, and MPV for differentiating MG patients from healthy controls.
Besides, it has been proposed that inflammation was
triggered by complement activation at the postTable 4. Multiple linear regression analysis of
synaptic muscle membrane in EAMG [18]. The
the correlation between WMR and the MGFA
Th1 cells secrete pro-inflammatory cytokines
scores
like interferon-γ (IFN-γ) and interleukin-2 (IL-2)
Unstandardized
while Th2 cells secrete anti-inflammatory cytocoefficient
Standardized
P
kines such as IL-4 and IL-10. In addition, Th17
Standard coefficient
β
cells can secrete the novel pro-inflammatory
error
cytokine IL-17 [19, 20] while Treg cells are also
Constant 0.904 0.570
0.122
thought to be anti-inflammatory for their ability
PLR
0.016 0.014
0.184
0.251
ofsuppressingcertainimmuneresponses.FurtherWMR
0.001 0.001
0.356
0.030
more, previous study demonstrated that the
CRP
0.003 0.001
0.337
0.018
balance of T helper type 1 (Th1), Th2, Th17 and
PLR, Platelet to lymphocyte ratio; WMR, white blood cell
regulatory T (Treg) subsets of CD4+ helper T
count to mean platelet volume ratio; CRP, C-reactive
cells were redistributed by upregulating Th1,
protein.
Th17 subsets and downregulating Th2, Treg
subsets during the development of EAMG in
multicollinearity based on previous study [13,
Lewis rats and that the interleukin-17 (IL-17)
14]. As shown in Table 4, we found that WMR
cytokine is involved in this disease [21]. There
was independently associated with the degree
is evidence to show that monocyte play a vital
of disease disability performed by the MGFA
role in the production of antibodies to self-AChR
scores after adjustment by CRP, PLR. The equain the chronic phase of EAMG [22]. It is comtion was as follows: Y = 0.904 + 0.016X1 +
mon knowledge that the circulating WBC clas0.001X2 + 0.003X3; X1, PLR; X2, WMR; X3, CRP;
sification undergoes relative changes under
Y, the MGFA scores.
systemic inflammation and recently WBC along
with its subtype counts such as Neutrophil has
Discussion
been identified as biomarkers of inflammation
in both autoimmune and non-autoimmune disIn this study, we confirmed, that admission
WMR in MG patients were significantly higher
eases. Neutrophils can secrete proinflammato893
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Table 5. Receiver operating characteristic curves of WMR, Neutrophil, Platelet, PLR, WBC, and MPV
for differentiating MG patients from healthy controls
AUC
SEa
95% CIb
cut-off value

MPV

Neutrophils

Platelet

PLR

WBC

WMR

0.722

0.688

0.552

0.531

0.669

0.733

0.0270

0.0278

0.0300

0.0303

0.0281

0.0266

0.673 to 0.767

0.639 to 0.735

0.500 to 0.603

0.479 to 0.583

0.618 to 0.716

0.685 to 0.778

9.80

4.56

184.00

74.21

7.67

726.21

52.46%

44.57%

33.51%

20.65%

40.54%

54.10%

specificity

85.11%

88.30%

79.79%

90.43%

89.36%

88.83%

NPV

64.80%

61.90%

54.90%

53.80%

60.40%

66.50%

PPV

77.40%

78.80%

62.00%

67.90%

78.90%

82.50%

sensitivity

DeLong et al., 1988, bBinomial exact. AUC, area under curve; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive
value.
a

There is evidence to demonstrate that MPV was correlated with inflammation process
as well as disease activity in
several chronic diseases [9,
10]. Our study showed that
the WMR in patients with MG
was significantly higher than
those in HC. Besides, the relative increase in the mean
WMR of the patients with MG
were positively correlated
with the degree of disease
disability expressed by the
MGFA clinical classification. In
addition, WMR positively correlated with CRP (r = 0.359, P
= 0.023). Thus, based on previous study, there is reason to
speculate that WMR, as a
combination of both WBC and
mean platelet volume, can be
Figure 3. WMR in five subgroups of MG according to the MGFA clinical
considered as a new informaclassification. MGFA, Myasthenia Gravis Foundation of America; *P<0.05,
tive and Inflammatory bio***P<0.001.
marker to determine the systemic inflammatory conditions
ry enzymes, ROS and a variety of proinflammain patients with MG. WMR has been reported
tory mediators [23]. Moreover, it has been
as a better indicator of predicting the worse
reported that elevated numbers of pre-activatoutcomes in patients with NSTEMI than WBC
ed or primed neutrophils play an important role
and MPV [7]. Moreover, a previous study demin the pathogenesis of many autoimmune disonstrated that WMR is a better predictor of
eases of the nervous system such as multiple
poor outcomes in STEMI than MPV, RDW, PLRsclerosis (MS) by elevating inflammation and
NLR and WBC-MPV combinations [8]. In our
+
tissue injury [24, 25]. As CD4 helper T cells,
study, ROC curves revealed that WMR has highmonocyte and Neutrophils are the subtypes of
er area under ROC curve (AUC 0.733) and highWBC, we can conclude that WBC and inflammaer discriminative ability for the presence of MG
tion play a crucial role in the pathogenesis of
than Neutrophil, WBC, Platelet, PLR, and MPV.
MG.
Besides, we found that WMR are positively cor-
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related with disability assessed by the MGFA
clinical classification in patients with MG.
Moreover, we evidenced that WMR was independently correlated with the degree of disease disability performed by the MGFA scores
after adjustment by CRP, PLR in the multiple
linear analysis. On the basis of these evidences, we can draw a conclusion that admission
WMR is a better diagnostic marker and predictor of disease disability in MG than Neutrophil,
WBC, Platelet, PLR, and MPV. Moreover, it may
assist clinicians in determining patients who
are more disabled and more severe. In patients
with increased WMR, more effective and more
intensive medical treatment may be taken into
account.
There were several limitations to our study. Our
research is limited to a single center due to
various reasons. Besides, our study is a retrospective research and the sample size of our
study was relatively small so that the results
could not be absolutely conclusive in some
degree. Thus, further study with more evidences is necessary to confirm our findings. In spite
of these limitations, this is the first clinical
study showing that WMR are positively correlated with disability as assessed by the MGFA
clinical classification in patients with MG.
In conclusion, we evidenced that WMR could be
considered as a novel inflammatory marker in
patients with MG and that WMR possesses
convenient, inexpensive and reproducible properties, which can be acquired easily from routine complete blood counts without extra cost
on admission. Furthermore, we demonstrated
for the first time that WMR was positively correlated with disability assessed by the MGFA
clinical classification in patients with MG.
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WMR in patients with MG
Table S1. Pairwise comparison of ROC curves
WMR~MPV
Difference between areas
Standard Errorc
95% Confidence Interval
z statistic
Significance level
WMR~Neutrophils
Difference between areas
Standard Errorc
95% Confidence Interval
z statistic
Significance level
WMR~Platelet
Difference between areas
Standard Errorc
95% Confidence Interval
z statistic
Significance level
WMR~PLR
Difference between areas
Standard Errorc
95% Confidence Interval
z statistic
Significance level
WMR~WBC
Difference between areas
Standard Errorc
95% Confidence Interval
z statistic
Significance level
DeLong et al., 1988.

c

1

0.0117
0.0267
-0.0406 to 0.0641
0.440
P = 0.6600
0.0450
0.0165
0.0126 to 0.0773
2.725
P = 0.0064
0.182
0.0464
0.0907 to 0.273
3.915
P = 0.0001
0.202
0.0362
0.131 to 0.273
5.585
P<0.0001
0.0649
0.0124
0.0406 to 0.0892
5.236
P<0.0001

