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Abstract
The main purpose of this study was to systematically evaluate the accuracy of neuromelanin-sensitive magnetic resonance
imaging (NM-MRI) in Parkinson’s disease (PD) diagnosis using a meta-analysis method. In PubMed, Web of Science,
Embase, and Google Scholar, the literatures were searched for the diagnostic value of neuromelanin-sensitive magnetic reso-
nance imaging in PD. The literatures were screened in the light of Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA). Data analysis was processed by Stata 12.0 software to obtain meta-analysis, heterogeneity analysis, and
publication bias. Meta-analysis results showed by using NM-MRI observed substantia nigra pars compacta (SNpc) on PD, the
pooled diagnostic sensitivity and specificity were 0.82 (95% CI, 0.74–0.87) and 0.82 (95% CI, 0.73–0.89), respectively. And the
pooled positive likelihood ratio (PLR) and negative likelihood ratio (NLR) were 4.58 (95% CI, 3.08–6.82) and 0.22 (95% CI,
0.16–0.31), respectively. Moreover, subgroup analysis according to the measurement criteria of SNpc showed the SNpc volume
should be used as good a marker for diagnosing PD. Finally, Fagan test demonstrated that when PLRwas equal to 5, the posterior
probability is significantly enhanced to 53%, compared with prior probability (20%). As for NLR (0.22), the prior probability is
20%, while the posterior probability remarkably dropped to 5%. In conclusion, SNpc signal detected by NM-MRI exhibited high
sensitivity and specificity for diagnosis of PD, which was a high-performance imaging diagnostic method for PD. We recom-
mend NM-MRI imaging technology to be widely used in Parkinson’s diagnosis.

Keywords Parkinson’s disease . Neuromelanin-sensitive magnetic resonance imaging (NM-MRI) . Meta-analysis . Diagnostic
method

Introduction

Idiopathic Parkinson’s disease, a common global chronic neu-
rological disease, is the second largest neurological disease
after Alzheimer’s disease [1]. With the development of socie-
ty, the number of patients with Parkinson’s disease is increas-
ing. According to statistics, the number of Parkinson’s disease
patients in China has reached to 200 million currently [2].
World Health Organization experts predict that the number
of Parkinson’s patients in China will reach 5 million in 2030
[3]. Parkinson’s disease (PD) is a chronic progressive disease,
whose clinical manifestations include progressive aggravation
of exercise retardation, myotonia, resting tremor, and posture
gait balance disorder [4]. Neuropathological changes mainly
exhibit degeneration of neuromedin-containing neurons in the
substantia nigra pars compacta (SNpc) [5, 6]. Neuromelanin is
an important intermediate in the synthesis of dopamine and
norepinephrine by neurons, so they can be observed in the
substantia nigra pars compacta (SNpc) and locus coeruleus
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(LC) [7, 8]. And the content of melanin is correlated with the
number of dopamine and norepinephrine neurons. The early
symptoms of Parkinson’s disease are not typical, and the di-
agnosis is difficult [9]. When the motor symptoms are present,
the disease has progressed to the middle and late stages [10],
which has a significant impact on the daily life and work of the
patients. Therefore, early diagnosis and timely intervention
will improve the efficacy of treatment and life quality of pa-
tients [11]. The diagnosis of Parkinson’s disease (PD) relies on
clinical symptoms, signs, Parkinson’s test scale, and levodopa
test [12–15]. Magnetic resonance imaging (MRI) is consid-
ered a valuable tool for diagnosis of cerebral disease [16, 17].
Razek et al. [18] found that apparent diffusion coefficient
(ADC) value measured by MRI is a promising parameter for
predication of effect of levodopa on brain parenchyma in pa-
tients with PD. However, traditional MRI techniques have
failed to depict neuromelanin-containing nuclei such as the
SNc and LC [19].

In recent years, with the development of melanin-
sensitive sequence, neuromelanin-sensitive MRI (NM-
MRI) imaging technology is gradually applied to the diagno-
sis of Parkinson’s disease (PD) [20]. The neuromelanin-
sensitive sequence was first proposed to visualize the mela-
nin in the substantia nigra and the blue spot by Sasaki et al. in
2006 [19]. Neuromelanin-sensitive MRI (NM-MRI) imag-
ing is based on the paramagnetic properties of chelated
metals of neuromelanin (NM) [19, 21]. High-resolution fast
spin echo (FSE) T1WI images obtained at 3 Tcan capture the
neuromelanin-generated signals from these nuclei by virtue
of the synergic effects of high signal-to-noise ratio, high spa-
tial resolution, signal suppression of the surrounding brain
tissue by T1 prolongation at a high magnetic field, and mag-
netization transfer effect during multi-slice FSE acquisition
[22]. In 2006, Sasaki’s team began using NM-MRI to suc-
cessfully display normal and abnormal midbrain substantia
nigra and blue plaques [19]. This imaging technique uses a 3-
T high-resolution fast spin echo T1-weighted sequence [23].
Some studies have usedNM-MRI techniques to demonstrate
the diagnosis of PD by measuring the signal intensity, vol-
ume or area of SNpc, and locus coeruleus (LC) structures.
Matsuura et al. [24] applied NM-MRI into a patient with PD
to investigate possible alterations of these catecholaminergic
neurons. The contrast ratio of the SNc was decreased in PD
patients. Also, the contrast ratio of the SNc was correlated
with the Hoehn-Yahr stage of PD. The study of Prasad et al.
found that the neuromelanin sequence contrast ratio of the
central and lateral SNc was significantly lower in patients
with PD, which is also correlated with the scores of Unified
Parkinson’s Disease Rating Scale-III OFF state [25].
Schwarz et al. [26] believed that reduction of normalized
neuromelanin volume in PD was most pronounced in the
posterior SNpc, followed by the anterior SNpc and the LC.
NM-MRI exhibits a kindof high diagnostic accuracymethod

for PD, which is also associated with disease severity. The
diagnostic accuracy of theNM-MRI technology in PD needs
to be explored by the meta-analysis of comprehensive data.
More details of application of NM-MRI into PD should be
explored. The primary objective of this studywas to evaluate
the diagnostic utility of NM-MRI in PD by meta-analysis
method, to further explore the application of NM-MRI into
PD.

Materials and methods

Study inclusion and exclusion criteria

The study was based on Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines. When searching for English literature, “neuromelanin-
sensitive magnetic resonance imaging” and “Parkinson’s dis-
ease” were used as keywords, and free words are arbitrarily
matched as search sentences. Then, we searched in Web of
Science, PubMed, Embase, and Google academic databases
and traced back secondary literature searches to prevent leak.
And the retrieval deadline was June 15, 2018. EndNote
X7was used to re-screen the literatures obtained from these
databases (Web of Science, PubMed, Embase, and Google).
The searched documents are gradually screened from the title,
abstract, and full text according to the pre-set inclusion and
exclusion criteria. The two researchers conducted the same
discussion at the same time. When there is controversy, it
should be judged by the third researcher.

Inclusion criteria are as follows: (1) use NM-MRI technol-
ogy to diagnose PD bymeasuring the signal intensity, volume,
or area of the SNpc structure; (2) have the exact sensitivity and
specificity of the cutoff value, or optimal sensitivity and spec-
ificity can be obtained in the ROC curve; (3) there are clear
gold standards; and (4) if the data is repeated, select the most
recent published or most detailed literature.

Exclusion criteria are as follows: (1) excluding reviews,
case reports, reviews, guides, letters, cell experiments, animal
experiments, and simulation experiments and (2) unable to
extract data exclusion.

Literature search strategy

In order to ensure the recall rate of the search, the medical
keyword and the free word search should be simultaneously
used. When searching for English literature, “neuromelanin-
sensitive magnetic resonance imaging” and “Parkinson’s dis-
ease” were used as keywords. And free words are arbitrarily
matched, when searching in Web of Science, PubMed,
Embase, and Google academic databases. Also, we traced
back secondary literature searches to prevent leak investiga-
tion. The retrieval deadline was set as the June 15, 2018. The
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literatures from database of Web of Science, PubMed, and
Embase were combined. And duplicates were screened by
using EndNote X7. Furthermore, the literatures from Google
academic database were checked carefully to ensure retrieval
recall.

Two reviewers independently conducted a quality assess-
ment tool for diagnostic accuracy studies (QUADAS-2). And
then, the risk of publication bias and concerns regarding the
applicability of studies were assessed by visually inspecting
QUADAS-2 plots.

Data extraction

The extraction was also carried out independently by two
researchers. When the opinions were inconsistent, the third
researcher was sought to discuss the solution. The extracted
data are shown in Table 1, which included TP, TN, FP, FN,
and optimum cutoff value (sensitivity and specificity). If the
study did not directly give the best cutoff value, the ROC
curve should be given in the paper. Engauge Digitizer 4.1
was used to intercept the last point of the ROC curve and
output the sensitivity and specificity corresponding to the
point. Further, the “Youden Index” (sensitivity-(1-specificity))
method was used: when the value of the Youden Index is
maximum, the point is the best cutoff value.

Risk of bias in individual studies

A Cochran-Q test of heterogeneity was performed to evaluate
inconsistency index (I2), as a measure to illustrate the percent-
age of the total variability caused by heterogeneity instead of
chance. A value of I2 more than 50 and a P value < 0.05
indicate evident heterogeneity. Since the cutoff values were
different among the included studies, diagnostic threshold ef-
fects were inspected. The summary receiver operating curve
(SROC) was visually evaluated to detect the threshold effect.
And Spearman correlation analysis was used to assess the
heterogeneity derived from the diagnostic threshold effects.

Deeks’ funnel plot asymmetry analysis was performed to
identify the publication bias. Briefly, the Deeks funnel plot
was a scatter plot of the inverse of the square root of effective
sample size (1/root (ESS)) against the ln (diagnostic odds ratio
(DOR)).

Data synthesis and statistical analysis

The indexes of sensitivity, specificity, positive likelihood ratio
(PLR), negative likelihood ratio (NLR), DOR, odds ratios,
and area under the summary receiver operating curve
(AUSROC) were pooled and analyzed by meta-analysis.
Furthermore, Fagan’s nomogram analysis was conducted.
The Fagan nomogram plot comprised three vertical axes.
The left axis represents the pre-test probability, which was

derived from the prevalence in each included study. Another
axis in the middle displayed the likelihood ratio showing the
extent to which the index could raise or lower the probability
of having the disease. The right vertical axis signified the post-
test probability of patient’s probability of having the positive
or negative results of the reference standard test. Moreover,
subgroup analyses based on SNc volume were carried out. All
data synthesis and most statistical analyses were undertaken
by Stata software version 12.0 (College Station, TX, USA)
with the corresponding 95% confidence interval (CI). The
sensitivity, specificity, DOR, and AUSROC were considered
the major outcomes in this study. The summary receiver op-
erating curve (SROC) was visually evaluated at first.
Furthermore, the left axis represents the pre-test probability,
which was derived from the prevalence in each included
study. Another axis in the middle displayed the likelihood
ratio showing the extent to which the index could raise or
lower the probability of having the disease. The right vertical
axis signified the post-test probability of patient’s probability
of having the positive or negative results of the reference
standard test.

All data synthesis and most statistical analyses were under-
taken by Stata software version 12.0 (College Station, TX,
USA).

Results

Characteristics of studies and data

The PRISMA flow diagram illustrated the literature selection
process as shown in Fig. 1. In the light of the search strategy,
146 articles were identified from Web of Science, PubMed,
and Embase databases. After screening of title and abstract
and removal of duplicates, 35 articles were selected for further
review. And the search strategy identified a total of 149 pub-
lications in Google Scholar. With screening of title and ab-
stract, 29 articles were chosen for further review. Then, we
combined these publications and removed the duplicates,
leading to 27 articles for further study. By further reading
these 27 research articles, 17 articles were eliminated based
on exclusion criteria. Finally, a total of 10 studies were includ-
ed in the meta-analysis.

In accordance with inclusion criteria, all studies used
United Kingdom Parkinson’s Disease Society Brain Bank as
“gold standard.” The selected studies were conducted in Japan
(n = 5), Spain (n = 1), Italy (n = 1), Portugal (n = 1), India (n =
1), and the UK (n = 1). Finally, a total of 272 patients with PD
who underwent NM-MRI were included in the meta-analysis.
Table 1 shows the characteristics of the inclusion studies.

Further, quality of studies and risk of bias were conducted
by QUADAS-2 (Table 2) and funnel plot (Fig. 2). As illustrat-
ed in Table 2, the studies presented a low to moderate risk of
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bias and low concerns about applicability. And funnel plot and
the Egger test showed no evidence of publication bias (Deeks’
t value = − 0.70; P = 0.496, Fig. 2).

Diagnostic value of SNpc for PD

All studies used the SNpc value measured by NM-MRI to
diagnose PD. And the results were analyzed by the indexes
of sensitivity, specificity, NLR, PLR, DOR, and odds ratio
calculations. Spearman analysis results show that the correla-
tion coefficient value is − 0.74 (P = 0.55), suggesting no ob-
vious threshold effect. Therefore, the data could be combined
for meta-analysis. After combining these indexes, the hetero-
geneity was examined. As shown in Fig. 3, it could be found
that there was a certain extent of heterogeneity for the index
sensitivity, specificity, NLR, PLR, and especially odds ratio,
indicating the existence of heterogeneity among these indexes
due to non-threshold effects. Therefore, quantitative synthesis
of these indexes should use a random effects model, while for
the index of DOR and PLR, there were little heterogeneity and
middle heterogeneity (I2 = 13.5% and I2 = 39.21%), respec-
tively. So a fixed model analysis was applied into these two

indexes. In bivariate analysis, final pooled sensitivity was 0.82
(95% CI, 0.74–0.87), and final pooled specificity was 0.82
(95% CI, 0.73–0.89). And the pooled PLR and NLR were
4.58 (95% CI, 3.08–6.82) and 0.22 (95% CI, 0.16–0.31), re-
spectively. Moreover, the combined DOR and odds ratio were
3.02 (95%, CI, 2.50–3.55) and 20.56 (95% CI, 12.18–34.68),
respectively. These results demonstrate that the SNpc value
has good capacity to diagnose PD. Furthermore, the summary
ROC curve was presented in Fig. 4. The overall accuracy of
SNpc defined by NM-MRI was 89%.

Subgroup analysis and threshold effect

There is heterogeneity of multiple research indicators in the
above results, which may result from the different measure-
ment criteria of SNpc in each study. Therefore, we conducted
a subgroup analysis by different methods of SNpc. And the
results show that the SNpc volume behaved as a good marker
for diagnosing PD. Further, the heterogeneity among these
indexes was significantly reduced in subanalysis of SNpc vol-
ume. And there was a certain increase in sensitivity and spec-
ificity: sensitivity, 0.86 (95% CI, 0.80–0.91; I2 = 0.00%);

Fig. 1 PRISMA flow diagram of
the search strategy and selection
of studies included in the meta-
analysis

2483Neurol Sci (2019) 40:2479–2489



specificity, 0.83 (95% CI, 0.74–0.92; I2 = 50.43%). The PLR
and NLR were 4.9 (95% CI, 3.2–7.5; I2 = 28.5%) and 0.18
(95% CI, 0.12–0.25; I2 = 0.00%). DOR and odds ratio were
also significantly increased to 28 (95% CI, 14–56) and 27.8
(95% CI, 13.9–55.7), respectively. The area under the SAUC
curve is 0.90 (95% CI, 0.87–0.92). The analysis results show
that NM-MRI measurement of the SNpc volume would have
higher accuracy and authenticity for diagnosis of PD.

In this meta-analysis, the SROC curve measured by NM-
MRI in the SNpc region has no typical shoulder-arm profile,

suggesting that there is no negative correlation between sen-
sitivity and specificity. And the results of Spearman analysis
show that the correlation coefficient is − 0.74 (P = 0.55),
prompting no significant threshold effect.

Clinical utility test

Fagan (Fig. 5) revealed the relationship among the prior prob-
ability, likelihood ratio, and the posterior probabilities, which
reflected the changes of diagnosis of PD by using NM-MRI

Table 2 QUADAS-2 assessment of included studies

☹, high risk;☺, low risk; ?, unclear

2484 Neurol Sci (2019) 40:2479–2489



detection of SNpc. As shown in Fig. 5, when PLR was equal
to 5, the posterior probability was evidently increased to 53%
compared with the prior probability (20%). While NLR was
equal to 0.22, the posterior probability significantly dropped
to 5% compared with the prior probability (20%). Thus, the
SNpc value detected by NM-MRI exhibited a significantly
increased diagnostic efficacy.

Discussion

As a common progressive neurodegenerative disease, the in-
cidence of Parkinson’s disease has been increasing year by
year [27]. Parkinson’s motor symptoms are mainly character-
ized by bradykinesia, myotonia, resting tremor, and posture
balance disorder. The pathological changes in Parkinson’s dis-
ease are the significant loss of dopaminergic neurons contain-
ing neuromelanin in the substantia nigra pars compacta, the
formation of Lewy bodies in neurons and the caudate nucleus,
and so on [28]. However, it is worth noting that patients with
PD usually have neuropathological abnormalities before the
typical symptoms occur. In patients with PD, the neuronal loss

in the substantia nigra pars compacta (SNpc) usually does not
show clinical motor symptoms before it reaches 80% [29].
That disease has existed until a few years or decades before
the classic motor symptoms appear. So early detection of such
abnormal pathological changes is conducive to timely diag-
nose PD and to improve the life quality of patients with PD.

The decrease of neurocytes containing neuromelanin in
SNpc is a pathological marker of PD [30]. Neuromelanin is
a black polymer produced by specific catecholamine neurons
in the brain [31]. In early PD, neuromelanin can protect
against neuronal damage by iron-mediated oxidative stress
by chelation of iron [31]. As Parkinson’s disease progresses,
the release of neuromelanin may aggravate the autoimmune
response of PD. However, we cannot detect neuronal loss by
conventional magnetic resonance imaging, mainly because
MRI cannot directly visualize normal or abnormal SNc and
LC. In 2006, Sasaki’s team [19] firstly developed NM-MRI
imaging techniques, which successfully showed normal and
abnormal SNc and LC in MRI images. NM-MRI imag-
ing is based on paramagnetic properties, causing a T1
shortening effect and a high signal onT1-weighted imaging.
NM-MRI imaging is evident in healthy controls, whereas in

Fig. 2 Deeks’s funnel plot for the diagnostic value of using the SNpc measured by NM-MRI to define PD as normal

2485Neurol Sci (2019) 40:2479–2489



Fig. 3 Positive likelihood ratio (a, left), negative likelihood ratio (a, right), sensitivity (b, left), specificity (b, right), diagnostic odds radio (c, left), odds
ratio (c, right), and their forest plots for the diagnostic value of using the SNpc value measured by NM-MRI to define PD

2486 Neurol Sci (2019) 40:2479–2489



Parkinson’s patients, the signal is significantly reduced, which
is strongly consistent with the reduction of early pathological
neuronal melanocytes in Parkinson’s disease [32]. By apply-
ing NM-MRI, the searchers found that changes in SNc signals
have a high sensitivity and specificity for diagnosis of

Fig. 3 continued.

Fig. 4 The SROC curve and AUC for the diagnostic value of using the
SNpc measured by NM-MRI to define PD as normal

Fig. 5 The Fagan plot for the diagnostic value of using the SNpc
measured by NM-MRI to define PD as normal

2487Neurol Sci (2019) 40:2479–2489



Parkinson’s disease. In this present study, we performed a
meta-analysis to evaluate the value of SNpc detected by
NM-MRI in the diagnosis of PD. The related indexes
were pooled and analyzed. For index of sensitivity, spec-
ificity, NLR, and especially odds ratio, there is statistical
heterogeneity due to non-threshold effects (I > 50%).
Therefore, quantitative synthesis of data is analyzed
using a random effects model. These results demonstrate
that the SNpc value has good capacity to diagnose PD.
Further, the overall accuracy of SNpc defined by NM-
MRI was 89%. But there was heterogeneity among these
data, which may result from the different measurement
criteria of SNpc in each study. For example, Prasad et al.
and Ohtsuka et al. used different signal intensities of
SNpc to diagnose PD [25, 33], whereas Reimao et al.
used SNpc area for diagnosis of PD [34]. And the rest
of the studies used SNpc volume to diagnose PD. Thus,
subgroup meta-analysis was conducted, and the analysis
results show that NM-MRI measurement of SNpc vol-
ume has higher accuracy and authenticity. These above
results prompted us that the various ways of measure-
ment of SNpc value by NM-MRI were adopted in differ-
ent studies. It is recommended to use the SNpc volume
as the best marker for diagnosing PD. This is because
the substantia nigra in the brain is a three-dimensional
structure. The measurement of SNpc volume by NM-
MRI can more accurately reflect the substantia nigra of
the midbrain and the loss of melanin in SNpc.

In summary, NM-MRI imaging technology provides a
valuable test for Parkinson. However, the further application
of NM-MRI imaging technology into diagnosis of
Parkinson’s patients is still under investigation. A large-scale
sample data about application of NM-MRI imaging technolo-
gy into early PD should be performed in a multi-center study.
The best measurement area and the best measurement indica-
tors of NM-MRI imaging technology to diagnose Parkinson’s
should be explored as well. And there are some limits in this
study, such as the large variability among different studies in
terms of measurements, MR study protocol, and MR data
analysis limit. Therefore, we recommend the standard proto-
col of NM-MRI imaging technology to be widely used in
Parkinson’s diagnosis and look forward to more multi-center
research data.
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