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Abstract: Myasthenia gravis (MG) is an acquired autoimmune disease diagnosed based on clinical manifestations,
muscle fatigue tests, prostigmin tests, serum antibody tests, and neuroelectrophysiological examination. This study
conducted a comprehensive search of PubMed, Web of Science, Scopus, Ovid, Embase, Cochrane Library, China
National Knowledge Infrastructure, WanFang, Chinese Periodical Database, Chinese Bio-Medicine Database, VIP,
and DuXiu Database to identify relevant studies on the accuracy of prostigmin tests for diagnosing MG, covering
publications from 1941 to 2021. Ten studies met the inclusion criteria and were included in the meta-analysis. The
analysis found no heterogeneity caused by threshold effects but identified heterogeneity due to non-threshold ef-
fects. The combined sensitivity was 0.861 (95% Cl: 0.831-0.888), and the combined specificity was 0.844 (95% Cl:
0.816-0.870). The combined positive likelihood ratio was 5.496 (95% Cl: 1.454-20.77), and the combined negative
likelihood ratio was 0.237 (95% CI: 0.123-0.455). The area under the curve for diagnostic accuracy was 0.88 (95%
Cl: 0.84-0.90), with Q* = 0.8520. The combined diagnostic odds ratio was 19.344 (95% Cl: 4.327-86.488). In con-

clusion, the prostigmin test demonstrated good diagnostic value for MG.

Keywords: Myasthenia gravis, prostigmin tests, diagnostic meta-analysis

Introduction

Myasthenia gravis (MG) is an acquired autoim-
mune disease characterized by the involve-
ment of antibodies against the acetylcholine
receptor (AChR) located in the postsynaptic
membrane of the neuromuscular junction. This
antibody-mediated response, which relies on
cellular immunity and involves complement
activation, leads to transmission disorders and
muscle weakness. It is important to note that
the AChR antibody is not a single monoclonal
antibody [1].

MG is often suspected in patients presenting
with a typical pattern of fatigable muscle weak-
ness. Because symptoms and signs may be-
come apparent only after exertion, maneuvers
that fatigue specific muscle groups can be use-
ful. Testing should include facial, ocular, oro-
pharyngeal, axial, and limb muscles. Tendon
reflexes are usually normal, and pain and auto-
nomic signs are absent. The clinical diagnosis
of MG is confirmed through electromyography

(EMG) studies, pharmacologic testing, and
serum antibody assays. Positive EMG results
confirm a postsynaptic defect of the neuromus-
cular transmission (NMT). A clinical response to
cholinesterase inhibitors (ChE-Is) supports the
diagnosis of MG, and the detection of specific
antibodies not only confirms MG but also identi-
fies antibody-related subgroups. For patients
lacking AChR or MuSK antibodies in standard
assays, EMG confirmation is essential [2].

Acetylcholinesterase inhibitors (AchEl), such as
prostigmin, can be used as auxiliary diagnostic
tools for MG. These tests are simple to perform
and suitable for widespread clinical use. A posi-
tive clinical response indicates a potential ben-
efit of long-term treatment, but the diagnostic
value of AchEl is limited due to issues with
objectivity and the possibility of false positives.
While both prostigmin and tensilon are cholin-
esterase inhibitors, tensilon is rarely used in
clinical practice in China, making prostigmin the
preferred choice for diagnosis of MG. Factors
influencing the sensitivity of the prostigmin test
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and leading to false negatives include AChR
subtype, muscle selectivity, antibody specifici-
ty, drug dosage, the setting of negative con-
trols, quantification of outcome judgment, and
disease course [3, 4]. False positives in the
prostigmin test may occur in non-MG patients
with similar symptoms, categorized into two
types: (1) other neuromuscular junction diseas-
es, such as Lambert-Eaton syndrome, botu-
lism, congenital myasthenic syndrome, and
snake venom poisoning, where symptoms of
acute organophosphorus poisoning may wors-
en after AchEl injection; (2) diseases related to
lower motor neuron injury, such as motor neu-
ron disease with bulbar paralysis, which can
show positive tensilon tests. Other rare causes
of false positives include brainstem glioma,
multiple sclerosis, pituitary or parasellar tu-
mors, orbital apex metastasis, aneurysms,
Guillain-Barre syndrome, end-stage renal dis-
ease, diabetes-associated abducens nerve
palsy, inflammatory myopathy, and genetic met-
abolic myopathy [5, 6].

This study aims to retrieve literature on the use
of the prostigmin test for diagnosing MG and
perform a quantitative analysis through meta-
analysis to provide a basis for clinical diagnosis
of the disease.

Materials and methods
Registry number

This meta-analysis was performed according to
the prespecified criteria outlined by the PRISMA
guidelines. The study protocol was registered in
the PROSPERO database (CRD42022299793).

Search strategy

Relevant studies reporting the diagnostic value
of the prostigmin test for MG were identified by
searching PubMed, Web of Science, Scopus,
Ovid, Embase, Cochrane Library, China National
Knowledge Infrastructure, WanFang Data, VIP,
Chinese Bio-Medicine Database, and DuXiu
databases. There were no restrictions on date,
age, sex, or language. The search ended on
December 14, 2021. The search strategy con-
sisted of three core components linked using
the AND operator: “MG”, AND “prostigmine
test” AND “diagnosis”. The search was conduct-
ed using a combination of subject-specific

5208

terms and free-text words linked with the OR
operator.

Inclusion and exclusion criteria

Inclusion criteria: (1) Chinese and English stud-
ies evaluating or exploring the diagnostic effi-
cacy of the neostigmine test for MG; (2) Stu-
dies from which true positive (TP), true negative
(TN), false positive (FP), and false negative (FN)
values for the neostigmine test could be direct-
ly or indirectly obtained.

Exclusion criteria: (1) Non-diagnostic experi-
mental studies; (2) Studies from which the
required data and information could not be
extracted.

Data extraction

A customized data extraction table was used
to collect data, including study source, doses,
number of MG patients, number of controls,
and the positive rate in the disease group and
negative rate in the control group.

Assessment of risk of bias of the included
studies

The quality of diagnostic accuracy tests was
evaluated using the QUADAS-2 tool [7]. Re-
searchers independently screened the litera-
ture, extracted data, and assessed the risk of
bias in the included studies. Differences of
opinion were resolved through consultation or
discussion with a third party.

Data analysis

GraphPad Prism 8 was used to create the liter-
ature screening flow chart, RevMan 5.3 for the
literature quality bias risk assessment map,
and STATA 15.1 and Meta-Disc 1.4 for statisti-
cal analysis. The summary receiver operator
characteristic (SROC) curve and AUC were cal-
culated, with an AUC closer to 1 indicating high-
er diagnostic accuracy. A funnel plot was drawn
using STATA 15.1 to assess publication bias.

Results
Description of included literature

Ten studies met the inclusion criteria and were
included in the meta-analysis, as shown in
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799 potentially eligible studies
identified by Database search

Cochrane Libarary 1

pubmed 19 CNKI 112

Web of Science 58 WanFang 173

scopus 80 VIP 26

Ovid 3 CBM 98

Embase 31 DuXiu 198 0 peotentially eligible studies

identified through additional sources

—>|464 duplicates removed

\ A
335 identified for screening|

Heterogeneity analysis

The asymmetric SROC curve
of prostigmin’s diagnostic va-
lue is shown in Figure 3. The
AUC of the SROC curve was
0.88 (95% CI: 0.84-0.90), in-
dicating high diagnostic accu-
racy. The Spearman correla-
tion coefficient between the

Y

264 records excluded after title and abstract
21 were comments,system evaluation and review
14 described animals experiments
211 had non-relevant study aims
18 were without matching experimental design

logarithms of sensitivity and
(1-specificity) is was -0.438 (P
= 0.206), suggesting no het-

\ 4
|71 records assessed for eligibilityl

erogeneity caused by thresh-
old effects. Additionally, the

—>|61 excluded for not fulfiling inclusion criteria

absence of a “shoulder-arm”

A 4
|10 studies included in final synthesisl

Figure 1. Flow chart of article screening and selection process. CBM, Chinese
Bio-Medicine Database; CNKI, China National Knowledge Infrastructure.

Figure 1. These studies used a combination of
clinical skeletal muscle fatigue, cholinesterase
inhibitor test, electromyography, and serologi-
cal antibody test as the gold standard for diag-
nosing MG. The clinical absolute score and rel-
ative score of MG patients were used to assess
patients across eight aspects (e.g., upper eye-
lid weakness, limb fatigue, and respiratory
muscle function) before and after the prostig-
min test. The most significant improvement in
clinical symptoms was observed within 20-40
minutes after injection [8, 9]. The single abso-
lute score at the time of peak improvement was
recorded, and the relative score, representing
the best relative improvement, was calculated
to interpret the test results. A relative score >
60% was defined as positive, 25%-60% as sus-
picious for positive, and < 25% as negative. The
basic information of the included studies is
shown in Table 1, and the diagnostic parame-
ters are detailed in Table 2.

Risk of bias assessment

Figure 2 presents the risk of bias assessment
for the included studies. All studies were
deemed to have a low risk of bias overall.
However, 2 out of 10 studies had a high risk of
bias in patient selection and reference stan-
dards, while all studies had a low risk of bias
concerning the index test. For flow and timing,
5 out of 10 studies were at high risk of bias.
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shape in the SROC curve fur-
ther indicates no threshold
effect in this study.

Figure 4 displays the results
of the Cochrane-Q test for the
diagnostic odds ratio (DOR) to detect non-
threshold effect heterogeneity. The Cochrane-Q
test for DOR showed Q = 96.83, P < 0.001, in-
dicating heterogeneity due to non-threshold
effects.

Evaluation indicators for diagnostic tests

The forest plot of diagnostic tests is shown in
Figure 5. The combined sensitivity was 0.861
(95% CI: 0.831-0.888), and the combined spec-
ificity was 0.844 (95% Cl: 0.816-0.870). The
combined positive likelihood ratio was 5.496
(95% Cl: 1.454-20.77), and the combined neg-
ative likelihood ratio was 0.237 (95% Cl: 0.123-
0.455). The combined AUC (diagnostic accu-
racy) was 0.88 (95% CI: 0.84-0.90), Q* =
0.8520, and the combined DOR was 19.344
(95% Cl: 4.327-86.488). The I? for sensitivity,
specificity, positive likelihood ratio, negative
likelihood ratio, and DOR was greater than
50%, indicating substantial heterogeneity and
justifying the use of a random-effects model.

Sensitivity analysis

Figure 6 shows the sensitivity analysis. It
reveals that one of the original studies had a
stronger influence on sensitivity, while the other
studies did not significantly impact the sen-
sitivity of the results. Overall, the results of this
study are relatively stable.
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Table 1. Characteristics of 10 studies included in the meta-analysis

Studies Case Control (ia;g3 r?gn;;o:la Prostigmine* Period Population
Mustare, V.K 2019 [10] d-OMG  Non-OMG 60 36 0.03-0.4 mg/Kg 2000-2014 NA

Liang, F.R 2016 [11] OoMG GMG 21 60 1.50 mg + atropine 1.0 mg 2011-2015 Chinese Inner Mongolia
Patil, S.A 2016 [12] oOMG GMG 184 283 30 ug/kg 2003-2013 Indian Bangalore
Li, W.Y 2014 [13] JMG Non-MG 29 6 1.5 mg (0.02 mg/kg) 2013-2014 Chinese Shanghai
Peng, D.T 2014 [14] MG Normal 102 97 1.5 mg + atropine 1.0 mg (0.01-0.015) NA Chinese Beijing
Roh, H.S 2011 [15] oMG GMG 14 57 NA 1995-2007 Korean Seoul
Zhu, Z.F 2020 [2] MG Non-MG 20 20 0.02 mg/kg + atropine 0.01 mg/kg 2015.12-2018.3 Chinese Jiangyin
Li, J 2020 [7] oMG Non-OMG 63 131 0.02 mg/kg 2018.02.01-07.31 Chinese Xian
Zhang, Y.F 2016 [8] oMG Normal 32 10 1-1.5 mg + atropine 0.5 mg 2012.06-2016.01 Chinese Guiyang
Peng, D.T 2007 [9] MG Normal 68 23 1.5 mg+ atropine 1.0 mg NA Chinese Beijing

Note: MG is myasthenia gravis. OMG is ocular myasthenia gravis. GMG is generalized myasthenia gravis. d-OMG is definite OMG. JMG is juvenile myasthenia gravis. Normal is nor-
mal control groups. NA is not available. *Children aged 10-16, < 2/3 adult dosage, < 1 mg, 0.02-0.03 mg/kg.
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Table 2. Characteristics of 10 studies included in the meta-analysis

Study TP/n FP/n FN/n TN/n  Sen/% Spe/% PLR/% NLR% DOR
Mustare, V.K 2019 [10] 50 1 10 35 0.83 0.97 27.78 0.17 161.6
Liang, F.R 2016 [11] 19 9 2 51 0.90 0.85 6.03 0.11 53.9
Patil, S.A 2016 [12] 184 6 13 283 0.93 0.98 4499  0.07 667.5
Li, W 2014 [13] 27 0 2 6 0.93 1.00 0.00 0.07 0.00
Peng, D.T 2014 [14] 90 11 12 86 0.88 0.89 8.00 0.13 59.3
Roh, H.S 2011 [15] 11 52 3 1 0.79 0.02 0.81 10.50 0.1

Zhu, Z.F 2020 [2] 16 14 4 6 0.80 0.30 1.14 0.67 1.7

Li, J 2020 [7] 39 7 24 124 0.62 0.95 11.59 0.40 28.8
Zhang, Y.F 2016 [8] 26 10 6 0 0.81 0.00 0.81 0.00 0.00
Peng, D.T 2007 [9] 60 3 8 20 0.88 0.87 6.76 0.14 50.0

Note: TP is true positive. FP is false positive. TN is true negative. FN is false negative. Sen means sensitivity. Spe means speci-
ficity. PLR means positive likelihood ratio. NLR means negative likelihood ratio. DOR means diagnostic odds ratio.

A Risk of Bias Applicability Concerns
'e T
O O
8 E E § =
3 5 E 3 @
3 8 8z 8 % 8
tE £ 8 s & 8
Py i Ego:
a £ e o & £
200 | S| O S| O D O
w24 |® O S S O O S
Liang,F.R2016 | [ | ® || & | S S
Mustare,v.k2019 | @ | ® | ® | @®| & S S
pati,5.42016 | @ | © | O | @®| © S O
peng,0.72007 | @ | ® | O | ®| | ® O | S
Peng,0.7T2014 | @ | D | O | O®| O ®| O
rRohH52011 | | ® | ® | O] © S| S
zhang¥r2015 | O |9 | O | O | S| O D
zwzF2020 | @ | D |2 | @| O D| 2
.Hiuh 2 Unclear .Low

ey~~~ =& OO

neexTest I

Reference Standard _ _
Flow and Timing _

0% 26% 50% 75% 100% 0% 25% 50% 75%  100%

Risk of Bias Applicability Concerns
.High DUnciear .an

Figure 2. Assessment of bias risk. A. An analysis of bias risk trends in the included literature over time, stratified
by year; B. A comprehensive assessment of bias risk in the selected literature, categorized by distinct risk levels.
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Figure 3. Asymmetric summary receiver operator characteristic curve analy-
sis of prostigmin’s diagnostic value across the included literature in a meta-

analysis framework (AUC = 0.88 [95% CI: 0.84-0.90]).
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Figure 4. Cochrane-Q test of the diagnostic odds ratio to detect non-thresh-

old effect heterogeneity.

Publishing bias analysis

As shown in Figure 7, the funnel plot indica-
ted a P-value of 0.013 (P < 0.05), suggesting
the presence of publication bias in this
meta-analysis.

Discussion

The clinical diagnosis of MG relies on a com-
bination of clinical manifestations, muscle fa-
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tigue tests, prostigmin test,
serum antibody tests, and
neuroelectrophysiological
examinations. The prostigmin
test is quick, easy to per-
form, and carries minimal
risk. Clinically, it should be
considered first for patients
experiencing fluctuating mu-
scle weakness, particularly
those with symptoms varying
between morning and even-
ing. To enhance the diagnos-
tic efficacy of the prostigmin
test, some Chinese research-
ers have proposed standard-
izing drug dosage, utilizing
absolute and relative scores
for clinical symptoms, estab-
lishing standardized outcome
evaluations, and focusing on
specific muscle groups [16-
18]. In this study, a meta-
analysis was conducted on
10 selected studies to as-
sess the diagnostic accuracy
of the prostigmin test. The
analysis examined heteroge-
neity caused by both thre-
shold and non-threshold ef-
fects by combining diagnostic
effect sizes and fitting the
SROC curve. This approach
helped identify sources of
heterogeneity affecting study
outcomes. Effect sizes were
combined to determine the
overall diagnostic efficacy of
the neostigmine test. Finally,
the reliability of this meta-
analysis was assessed th-
rough sensitivity analysis and
publication bias detection.

Understanding heterogeneity is crucial for iden-
tifying factors that may influence diagnostic
accuracy and for statistically combining results
from different studies. In diagnostic tests, het-
erogeneity can arise from threshold and non-
threshold effects. In this study, the Spearman
correlation coefficient for diagnostic threshold
analysis was -0.438 (P = 0.206 > 0.05), indi-
cating no significant threshold effect, allowing
for the combination of diagnostic indicators.
The difference between beta and zero (P =

Am J Transl Res 2024;16(10):5207-5215



Accuracy of prostigmin tests in the diagnosis of myasthenia gravis: a meta-analysis

A Sensitivity 95% Cl) . Specificity (95% CI)
- e Mustare. V. K 2019 0.83 (0.71-0.92) i ——@ Mustare. V. K2019 0.97 (0.85-1.00)
————e—| Liang. F. R2016 0.90 (0.70-0.99) —ig— Liang. F. R 2016 0.85 (0.73-0.93)
-. Patil. S. A 2016 0.93 (0.89 - 0.96) ! . Patil. S. A 2016 0.98 (0.96-0.99)
——@&—| L. W2014 0.93 (0.77 - 0.99) ‘:0 Li. W 2014 1.00 (0.54-1.00)
. Peng. D. T 2014 0.88 (0.80 - 0.94) — @ Peng. D. T 2014 0.89 (0.81-0.94)
* —® - Roh. H. S 2011 0.79 (0.49 - 0.95) L 2 i Roh. H. § 2011 0.02 (0.00-0.10)
—_— Zhu.Z.F2020 0.80 (0.56 - 0.94) —_————— 1 Zhu.Z.F2020 030 (0.12-0.54)
L 3 Li.J2020 0.62 (0.49-0.74) ' @ | Li.J2020 0.95 (0.89-0.98)
— Zhang.Y.F2016 0.81 (0.64 -0.93) — ! Zhang.Y.F2016 0.00 (0.00-0.31)
g Peng. D. T2007 0.88  (0.78 - 0.95) - e Peng. D. T2007 0.87 (0.66-0.97)
& itivity = ‘¢ ificity =
Pooled Sensitivity = 0.86 (0.83 to 0.89) Pooled Specificity = 0.84 (0.82 to 0.87)
Chi-square = 37.80; df = 9 (p = 0.0000) Chi-square = 333.85; df = 9 (p = 0.0000)
0 2 4 6 8 1 Inconsistency (l-square) = 76.2 % 0 2 4 6 8 1 Inconsistency (I-square) = 97.3 %
Sensltivity Speclficity
B Positive LR (95% CI) D Negative LR (95% CI)
i ———@— Mustare. V. K 2019 30.00 (4.33 - 207.90) e Mustare. V. K 2019 0.17 (0.10-0.30)
@ Liang. F. R 2016 6.03 (3.25-11.19) —— Liang. F. R 2016 0.11 (0.03 - 0.42)
! —@— Patil. S. A2016 44,99 (20.36 - 99.39) = H Patil. S. A 2016 0.07 (0.04-0.11)
—————e—}| L.w2014 12,83 (0.89 - 185.90) —e— ! Li. W 2014 0.09 (0.03-0.30)
i —— Peng. D. T 2014 7.78 (4.44-13.63) - Peng. D. T 2014 0.13 (0.08-0.23)
E Roh. H. § 2011 0.80 (0.61-1.06) ——@——> Roh.H.S 2011 11.36  (1.28 - 100.99)
@ Zhu.Z.F2020 1.14 (0.80 - 1.64) | — Zhu.Z.F2020 067 (0.22-2.01)
! —— Li.J2020 11.59 (5.49-24.44) 2 Li.J2020 0.40 (0.29-0.55)
e Zhang.Y.F2016 0.84 (0.68 - 1.04) ! ——1——@——— Zhang.Y.F2016 433 (0.27 -70.86)
| —— Peng. D. T2007 676 (2.35-19.50) —— ! Peng. D. T2007 0.14  (0.07-0.26)
i i
i Random Effects Model i i Random Effects Model
¢ Pooled Positive LR = 5.50 (1.45 to 20.77) ¢ Pooled Negative LR = 0.24 (0.12 to 0.46)
Cochran-Q = 659.31; df = 9 (p = 0.0000) Cochran-Q = 68.54; df = 9 (p = 0.0000)
0.01 1 100.0 Inconsistency (I-square) = 98.6 % 0.01 1 100.0 Inconsistency (I-square) = 86.9 %
Positive LR Tau-squared = 4.2895 Negative LR Tau-squared = 0.8106

Figure 5. Forest plot of diagnostic tests of prostigmin. A. Pooled sensitivity; B. Pooled specificity; C. Pooled positive
likelihood ratio; D. Pooled negative likelihood ratio.
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0.0016 < 0.05) was significant, indicating an criminative ability of the prostigmin test. High
asymmetric SROC curve. The SROC curve had values of DOR suggest better diagnostic per-
an AUC of 0.88 (95% CI: 0.84-0.90), which is formance. In this study, the sensitivity I> was
close to 1, and a Q* index of 0.8520, indicating 76.2%, specificity 1> was 97.3%, positive likeli-
a high diagnostic accuracy of 88% (95% ClI: hood ratio 1> was 98.6%, negative likelihood
84-90%). The Cochrane-Q test for the DOR ratio I was 86.9%, and DOR |2 was 90.7%, all
showed Cochrane-Q = 96.83, P = 0.0000 < exceeding 50%, indicating high heterogeneity.
0.001, indicating heterogeneity due to non- Therefore, a random-effects model was used to
threshold effects [19]. Sources of heterogene- combine these effect values. The pooled sensi-
ity include patient population (e.g., disease tivity was 86.1% (95% Cl: 83.1-88.8%), with a
severity and comorbidities), trial conditions missed diagnosis rate of 13.9%. The pooled
(e.g., different techniques, tests, operators), specificity was 84.4% (95% CI: 81.6-87.0%),
and standard trial protocols. with a misdiagnosis rate of 15.6%. The prostig-

min test’s limitations include difficulty detect-
The combined DOR in this study was 19.344 ing improvements in lower limb muscle st
(95% Cl: 4.237-86.488), indicating a strong dis- rength, ocular muscle function, and respiratory
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Figure 7. Publication bias funnel plot of diagnostic test (P = 0.010).

muscles, which can reduce sensitivity. False
negatives may occur due to variations in recep-
tor subtypes and receptor types in different
muscle groups and their sensitivity to prostig-
min [12, 13, 20]. Given the misdiagnosis rate of
the prostigmin test, it is recommended to com-
bine it with neuroelectrophysiology and serum
antibody detection to exclude non-MG condi-
tions.

Guidelines for interpreting likelihood ratios sug-
gest that a positive likelihood ratio (PLR) great-
er than 10 significantly increases the probabili-
ty of disease after a positive test, while a nega-
tive likelihood ratio (NLR) less than 0.1 signifi-
cantly reduces disease probability after a nega-
tive test. However, these general rules have
been criticized because the effectiveness of
these ratios can vary with disease prevalence.
For rare diseases, a large PLR is needed to
meaningfully increase disease probability after
a positive test. Conversely, for common diseas-
es, a small NLR is necessary to effectively
reduce disease probability after a negative
test. In this study, the pooled PLR was 5.496
(95% Cl: 1.454-20.77), which is less than 10,
indicating that a positive neostigmine test
alone may not conclusively diagnose MG and
should be combined with other diagnostic
methods. The pooled NLR was 0.237 (95% ClI:
0.123-0.455), greater than 0.1, suggesting th-
at a negative prostigmin test does not entirely
rule out MG [14].
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Sensitivity analysis was per-

formed by excluding studies
Study of lower quality or those that
Eﬁgession used different efficacy evalu-

ation criteria or inclusion cri-
teria, followed by a pooled
analysis. The results were
then compared to the com-
bined effect size before the
exclusions to assess the influ-
ence of the excluded studies
on the overall effect size.
Sensitivity analysis focused
on comparing the combined
effect size from repeated
meta-analyses with the origi-
nal effect size. If the com-
bined effect size did not
change significantly after ex-
cluding certain studies, it indi-
cated that the meta-analysis
results were relatively stable.
Conversely, if large differences or contradictory
conclusions emerged, it suggested poor stabil-
ity of the meta-analysis results, warranting cau-
tious interpretation of the findings and conclu-
sions. In this study, sensitivity analysis and out-
lier detection revealed that certain studies
impacted the final meta-analysis results. Re-
moving these studies initially caused the model
to become unstable; however, after adjusting
the order of references, the model regained
stability [15].

This study has several limitations. A substantial
sample size gap (ranging from 6 to 283 cases)
may have affected the statistical power of the
diagnostic accuracy tests. Improving the effi-
ciency of statistical tests could be achieved by
standardizing the minimum sample size and
ensuring a balanced sample size between the
disease and control groups. Additionally, symp-
tom scoring before and after the prostigmin
test was subjective, as a possible measure-
ment bias. Future studies should aim to devel-
op scoring methods that are more accurate,
simple, practical, and suitable for widespread
use. The wide age range of cases included in
the literature also suggests that further re-
search is needed to clarify the diagnostic value
of the prostigmin test across different age
groups [11]. The funnel plot indicated that ref-
erences 3 (from the Indian population) and 8
(from the Chinese population) fell outside the
95% confidence interval, suggesting the pres-
ence of publication bias. This bias could be
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related to the sample size discrepancies in
these studies [4, 18]. Other factors, such as
non-random patient selection and the absence
of blinding, may have contributed to bias.

The prostigmin test is frequently used to assist
in the clinical diagnosis of MG and demon-
strates high diagnostic value.
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