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Abstract: Methamphetamine (meth) addiction is a significant social and public health problem 
worldwide. The relapse rate of meth abstainers is significantly high, but the underlying physiological 
mechanisms are unclear. Therefore, in this study, we performed resting-state functional magnetic 
resonance imaging (rs-fMRI) analysis to detect differences in the spontaneous neural activity between 
the meth abstainers and the healthy controls, and identify the physiological mechanisms underlying 
the high relapse rate among the meth abstainers. The fluctuations and time variations in the blood 
oxygenation level-dependent (BOLD) signal of the local brain activity was analyzed from the pre-
processed rs-fMRI data of 11 meth abstainers and 11 healthy controls and estimated the amplitude of 
low-frequency fluctuations (ALFF) and the dynamic ALFF (dALFF). In comparison with the healthy 
controls, meth abstainers showed higher ALFF in the anterior central gyrus, posterior central gyrus, 
trigonal-inferior frontal gyrus, middle temporal gyrus, dorsolateral superior frontal gyrus, and the 
insula, and reduced ALFF in the paracentral lobule and middle occipital gyrus. Furthermore, the meth 
abstainers showed significantly reduced dALFF in the supplementary motor area, orbital inferior 
frontal gyrus, middle frontal gyrus, medial superior frontal gyrus, middle occipital gyrus, insula, 
middle temporal gyrus, anterior central gyrus, and the cerebellum compared to the healthy controls 
(𝑃 < 0.05). These data showed abnormal spontaneous neural activity in several brain regions related 
to the cognitive, executive, and other social functions in the meth abstainers and potentially represent 
the underlying physiological mechanisms that are responsible for the high relapse rate. In conclusion, 
a combination of ALFF and dALFF analytical methods can be used to estimate abnormal spontaneous 
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brain activity in the meth abstainers and make a more reasonable explanation for the high relapse rate 
of meth abstainers. 

Keywords: meth abstainers; spontaneous neural activity; amplitude of low-frequency fluctuations; 
dynamic amplitude of low-frequency fluctuations; functional magnetic resonance imaging 
 

1. Introduction 

Methamphetamine, also known as meth, is a strong stimulant of the central nervous system and 
is a predominant recreational drug worldwide [1,2]. Long-term abuse of meth causes abnormal changes 
in the brain structure and functions, thereby inducing psychiatric symptoms and cognitive deficits that 
are associated with mental disorders [3]. The long term meth abuse is also associated with increased 
likelihood of premature death from unnatural causes [4]. In recent years, the number of meth abusers 
has significantly increased globally. According to the statistics from the United Nations Office on 
Drugs and Crime (UNODC) in 2022, nearly 284 million individuals were reported to have used drugs 
in 2020 worldwide, a 26 percent increase over the previous decade, nearly 34 million individuals have 
used meth [5]. In 2021, meth abusers represented 53.1 percent of all drug addicts in China and were 
considered as a significant threat to public health [6]. A significant problem of drug addiction treatment 
is that a large percentage of meth abstainers easily relapse into addiction again. However, the 
underlying relapse mechanisms of addiction are still unclear because effective analytical methods have 
not been used in the existing studies.  

Resting-state functional magnetic resonance imaging (rs-fMRI) is an effective non-invasive brain 
imaging method commonly used to analyze pathological changes in spontaneous neural activity in 
meth abstainers [7]. Currently, several fMRI analytical methods are available to estimate the 
spontaneous brain activity in the study subjects. The most commonly used method to analyze the 
spontaneous neuronal activity of the brain regions is the amplitude of low-frequency fluctuations 
(ALFF), which estimates the blood oxygenation level-dependent (BOLD) signal intensity as a read-
out of the spontaneous activity in the brain region. Du and colleagues used ALFF to analyze the brain 
functional activities of the meth abusers and reported that the right middle frontal gyrus was a potential 
biomarker to identify the effects of abstinence during therapeutic intervention in the meth abusers [8]. 
Gong and colleagues used ALFF to investigate systemic dysfunction in the meth abstainers and 
reported that in comparison with the healthy control group, the intensity of ALFF increased in the right 
precuneus and decreased in the left posterior cingulate cortex of the meth abusers [9]. However, 
changes in the BOLD signal intensity related to the spontaneous activity in the brain regions is dynamic 
and varies with time in accordance with behavioral patterns [10]. Nevertheless, the ALFF method 
assumes that the brain signal is static and does not analyze the dynamic changes in the spontaneous 
neural activity of the brain, which is required to highlight the abnormalities in the brain activity and 
functions of the meth abstainers. 

Dynamic ALFF (dALFF) is a novel method to analyze the temporal changes in the local brain 
activity [11]. The dALFF has been used to investigate the pathological changes in the dynamic local brain 
activity of patients with mental diseases such as depression, anxiety disorder, and schizophrenia [12–14]. 
In this study, we combined the ALFF and dALFF methods to investigate the static and the dynamic 
spontaneous neural activity in the brains of meth abstainers. Furthermore, we analyzed the relationship 
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between the abnormal spontaneous neural activity and the high relapse rate in the meth abstainers. 

2. Materials and methods 

To investigate the differences in spontaneous brain activity between meth abstainers and healthy 
controls, fMRI data were collected from recruited volunteers and the collected data were preprocessed. 
Then ALFF and dALFF index calculations were performed separately, and statistical analysis of ALFF 
and dALFF results were done for meth abstainers as well as healthy controls, and finally the differential 
brain areas of meth abstainers and healthy controls were derived. The flowchart of the study is shown 
in Figure 1. 

 

Figure 1. Flowchart of estimating the static and dynamic amplitude of low-frequency 
fluctuations in the study subjects. 

2.1. Study subjects 

This study recruited 11 male meth abstainers that had completed voluntary detoxification from 
the Shandong Detoxification Monitoring and Treatment Institute. The inclusion criteria were as 
follows: (i) right-handedness; (ii) without any previous addiction history other than meth addiction 
history; (iii) without any previous history of mental disorders or brain trauma; (iv) negative urine test 
after detoxification treatment for more than 14 days (out of the physiological detoxification period); 
and (v) without any medication intake for two weeks before data collection to avoid any adverse effects 
on the experimental results. The exclusion criteria were as follows: (i) subjects with fMRI 
contraindications; (ii) subjects with severe physical diseases. 

This study recruited 11 healthy male volunteers from the local community without any significant 
differences in age, sex, and education level compared with the meth abstainers (𝑃 ൐ 0.05). The 
inclusion criteria were as follows: (i) right-handedness; (ii) without any previous history of alcohol or 
drug dependence; and (iii) without any previous history of mental disorders and brain trauma. The 
exclusion criteria were as follows: (i) patients with fMRI contraindication and (ii) subjects with severe 
physical diseases. 

This study was approved by the Ethics Committee of the Affiliated Hospital of Shandong 
University of Traditional Chinese Medicine (Ethics No. 078 of 2018 Clinical Research Application). 
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The signed informed consent forms were obtained from all the participants after they were informed 
about the whole study process before MRI scanning. 

2.2. Data acquisition 

The fMRI was performed using the Philips Ingenia 3.0 T MRI scanner equipped with an eight-
channel head coil. During the acquisition, the subjects laid on their backs and were requested to keep 
their eyes open and their heads fixed. Their heads were fixed with foam pads and the ears were plugged 
with sponge to prevent noise. Functional images were acquired using the gradient-echo planar imaging 
sequence with the following scanning parameters: TR = 2000 ms, TE = 30 ms, flip angle = 90°, field 
of view = 220 × 220 mm2, number of layers = 33, layer thickness = 3 mm, and matrix = 64 × 64. Data 
was acquired for 150 time points. The gradient echo sequence was also used to obtain the high-
resolution structural images with the following scanning parameters: rotation angle = 90°; TR = 2300 
ms; TE = 3.01 ms; matrix = 256 × 256; thickness = 1 mm. 

2.3. Data preprocessing 

The fMRI data was preprocessed using the Data Processing and Analysis for Brain Imaging 
(DPABI, http://rfmri.org/dpabi) [15] software based on MATLAB R2019b platform. Data for the 
first 10 time points were removed to ensure that MRI scanner signal had stabilized. When collecting 
data, the machine was scanned layer by layer, and there was a time difference between different layer 
acquisitions. The purpose of time layer correction was to adjust the data as if they were scanned 
instantaneously at the same moment. Head movement correction was performed to align the images at 
each point in time, eliminating to some extent the effect of voxel misalignment caused by head 
movement, subjects with head movement ≥ 3 mm or rotation angles ≥ 3° were removed from the 
analysis. Regression of the cerebrospinal fluid, white matter signal, and the Friston 24 head motion 
parameters was performed. Space standardization (matching function image to the EPI template) was 
performed and the MRI scan image was resampled to 3 mm × 3 mm × 3 mm. Spatial smoothing was 
performed to improve the signal-to-noise ratio. 

2.4. ALFF calculation 

ALFF was calculated using the DPABI software. The preprocessed fMRI data was filtered using 
a time band-pass filter (0.01 < f < 0.08 Hz) to reduce the low-frequency drift and the high-frequency 
respiratory and cardiac noise. The time series of each voxel was transformed into the frequency domain 
to obtain the power spectrum. The power of a given frequency is proportional to the square of the 
amplitude for the frequency component. Therefore, the square root of the signal power spectrum in the 
given range is calculated and the root mean square of 0.01~0.08 Hz is obtained for each voxel and 
denoted as previously described [16,17] using the following equations: 

 𝑔(𝑡) = ∑ [𝑎௞ 𝑐𝑜𝑠(2𝜋 𝑓௞𝑡) + 𝑏௞ 𝑠𝑖𝑛(2𝜋𝑓௞𝑡)]ே௞ୀଵ  (1) 

 𝐴𝐿𝐹𝐹 = ∑ ට௔ೖమ(௙)ା௕ೖమ(௙)ே௄:௙ೖ∈[଴.଴ଵ,଴.ଵ]  (2) 

where 𝑡 represents the time, 𝑎௞ and 𝑏௞ represent the amplitudes, 𝑔(𝑡) represents the power spectrum. 
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2.5. dALFF calculation 

The DynamicBC toolbox (https://www.nitrc.org/projects/dynamicbc) was used to calculate the 
dALFF. The toolkit used a sliding window to describe the time dynamics. The setting of the window 
length was critical to the results of the dynamic analysis. Robust estimation of the dynamic changes 
was affected if the window length was too small, and dynamic activities were not detected if the 
window lengths were too long. Therefore, the window length was set at 50 TR and the coverage rate 
was set at 0.6 as described in previous studies [18,19]. The complete time series of each subject was 
divided into windows with a specific length of time. Then the dALFF value in each window was 
calculated to generate a set of dALFF maps for each subject. Subsequently, variance was calculated to 
evaluate the variability of dALFF. Finally, for each participant, the dALFF variability of each voxel 
was further converted to z-scores. 

2.6. Statistical analysis 

The differences between the ALFF and the dALFF estimates for the meth abstainers and the 
healthy controls were compared using the two-sample t-test with the DPABI software. Statistical 
significance was defined by voxel-level 𝑃 < 0.001, cluster level 𝑃 < 0.05 (two-tailed) after the 
estimates were corrected using the Gaussian random field (GRF). 

2.7. Validation analysis 

To validate the dALFF results found in this study, the influence of the sliding window length 
on the study results was verified by analyzing the dALFF when the window length was set at 20 TR 
and 80 TR.  

3. Results 

3.1. Demographic and clinical data 

Our study included 22 adult male subjects including 11 meth abstainers and 11 healthy controls. 
There were no significant differences in age (𝑃 = 0.375) and education level (𝑃 = 0.576) between 
the two groups. Table 1 shows the demographics and clinical data of the study subjects belonging to 
the meth abstainer group and the healthy control group. 

Table 1. Demographic and clinical data statistics of subjects. 

Characteristics MA* (n = 11) HC** (n = 11) P-value 
Age (y*****) 29.4 ± 4.2 30.8 ± 3.2 0.375 
Education (y) 12.7 ± 2.4 13.4 ± 2.2 0.576 
Amount of drug use (g/d***) 0.36 ± 0.31 -****** - 
Duration of drug use (m****) 48.9 ± 13.3 - - 
Abstinence (m) 5.1 ± 1.5 - - 

Note: *: meth abstainers; **: healthy controls; ***: day; ****: month; *****: year; ******: represents no data. 
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3.2. Abnormal brain areas in the meth abstainers based on the ALFF values 

ALFF was significantly increased in the right precentral gyrus, the left postcentral gyrus, the right 
triangular part of the inferior frontal gyrus, the left dorsolateral superior frontal gyrus, the left middle 
temporal gyrus and the left insula and decreased in the left paracentral lobule and the right middle 
occipital gyrus regions of the meth abstainers compared to the healthy controls. The differences in the 
ALFF values between the meth abstainers and the healthy controls are shown in Table 2 and Figure 2. 
The brain regions with abnormal ALFF values in different coordinates are shown in Figure 3. The 
brain regions with the highest and the lowest ALFF in the meth abstainers compared to the healthy 
controls are shown in Figure 4A,B. 

Table 2. Differences of ALFF between the MA group and HC group. 

Brain regions MNI* Cluster size Peak t P-value 
X Y Z 

Precentral_R 54 6 39 5056 12.5621 0.00049 
Postcentral_L -39 -21 54 900 11.0992 0.00061 
Paracentral_Lobule_L -15 -30 78 758 -3.74902 0.01264 
Frontal_Sup_L -27 51 24 23 5.99581 0.01678 
Frontal_Inf_Tri_R 45 36 27 61 8.60305 0.00809 
Temporal_Mid_L -57 -57 0 23 5.90803 0.04381 
Occipital_Mid_R 39 -87 24 17 -3.77159 0.01467 
Insula_L -30 15 -18 21 7.1495 0.00381 

*Note: Montreal Neurological Institute, Montreal Institute. 

 

Figure 2. Schematic diagram shows brain regions with altered ALFF in the meth abstainers 
compared to the healthy controls. The red and blue areas correspond to increased and 
reduced ALFF in the meth abstainers compared to the healthy controls, respectively.  
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Figure 3. Brain regions with abnormal ALFF in different coordinates of the brain areas in 
the meth abstainers compared to the healthy controls. The red and blue areas indicate increased 
and decreased ALFF in the meth abstainers compared to the healthy controls, respectively.  

 

Figure 4. Brain regions with the highest and lowest ALFF and dALFF values in the meth 
abstainers compared to the healthy controls. A: ALFF values in the right precentral gyrus 
with the highest increase in the meth abstainers compared to the healthy controls, ∗∗ 𝑃 < 0.01. B: ALFF values in the left paracentral lobule with the highest reduction in the 
meth abstainers compared to the healthy controls, ∗ 𝑃 < 0.05. C: dALFF values in the 
left middle occipital gyrus with the highest reduction in the meth abstainers compared to 
the healthy controls, ∗∗ 𝑃 < 0.01. 
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3.3. Abnormal brain areas in the meth abstainers based on the dALFF values 

The dALFF values were significantly decreased in the right supplementary motor area, the right 
orbital part of inferior, the left middle frontal gyrus, the left medial superior frontal gyrus, the left 
middle occipital gyrus, the right insula, the right middle temporal gyrus, the left precentral gyrus, and 
the cerebellum of the meth abstainers compared to the normal controls (Table 3 and Figure 5). The 
brain regions with abnormal dALFF values in different coordinates are shown in Figure 6. The brain 
regions with lowest dALFF values in the meth abstainers compared to the healthy controls are shown 
in Figure 4C. 

Table 3. Difference of dALFF between the MA group and HC group. 

Brain regions MNI Cluster size Peak t P-value 
X Y Z 

Cerebelum_Crus2_R 45 -78 -39 112 -3.55195 0.01553 
Supp_Motor_Area_R 12 -6 75 151 -3.55518 0.00902 
Frontal_Inf_Orb_R 51 30 -15 27 -3.55345 0.00023 
Frontal_Mid_L -39 54 18 21 -3.55442 0.00285 
Frontal_Sup_Medial_L 0 54 36 29 -3.55188 0.00019 
Occipital_Mid_L -39 -87 18 25 -3.58389 0.00172 
Cerebelum_6_R 21 -72 -15 22 -3.57556 0.00169 
Insula_R 39 -18 0 15 -3.56448 0.01921 
Temporal_Mid_R 69 -39 -12 14 -3.55848 0.00889 
Precentral_L -57 12 33 12 -3.57966 0.01386 

 

Figure 5. Schematic diagram of brain regions with differences of dALFF between MA and 
HC groups, where the blue area indicates: compared with HC group, dALFF is reduced in 
MA group. 
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Figure 6. Abnormal brain regions of dALFF in different coordinates between MA and 
HC groups, where the blue area indicates: compared with HC group, dALFF is reduced in 
MA group. 

3.4. Validation analysis of the sliding window lengths 

 

Figure 7. A: Abnormal brain regions when the sliding window length was set to 20 TR. B: 
Abnormal brain regions when the sliding window length was set to 80 TR. The abnormal 
brain regions with the sliding window length set at 50 TR were also significantly different 
with the sliding window length set at 20TR and 80 TR. 

The dALFF values were validated by comparing different sliding window lengths (20 TR and 80 
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TR). The results showed that the abnormal brain regions with the sliding window length set at 50TR 
were also significantly different with the sliding window length set at 20 TR and 80 TR. Figure 7 shows 
the difference of abnormal brain regions when the length of sliding window is set to 20TR and 80 TR 
In addition, we also studied the differences in brain regions between meth abstainers and healthy 
controls when the sliding window length was set to 40 TR and 60 TR, and the results were similar to 
those above. However, when the window was set to 50 TR, the differential brain clusters were larger. 
A previous study by Liao et al. similarly found that the spatial pattern of temporal variability of dALFF 
was highly reproducible across window lengths [20]. 

4. Discussion 

Several studies have analyzed resting state brain activity of the meth abstainers using fMRI, but 
very few studies have analyzed dynamic changes in the spontaneous neural activity of the meth 
abstainers. In our study, dynamic and static spontaneous neural activity of the meth abstainers was 
analyzed using the dALFF and the ALFF methods to determine the physiological mechanisms 
underlying the high relapse rate of the meth abstainers. ALFF analyzes the neural activity in the brain 
of meth abstainers from a static perspective, reflecting the intensity of regional neural activity in meth 
abstainers, while dALFF uses a sliding window approach to explore the characteristics of temporal 
changes in regional neural activity in meth abstainers at rest. Smaller dALFF values in meth abstainers 
indicate reduced fluctuations in spontaneous neural activity, also known as temporal variability, in the 
brains of meth abstainers compared with normal controls.  

4.1. Analysis of brain regions with abnormal spontaneous neural activity 

ALFF values were significantly increased in the precentral gyrus, postcentral gyrus, triangular 
part of the inferior frontal gyrus and the dorsolateral superior frontal gyrus, and decreased in the 
paracentral lobule of the meth abstainers compared to the healthy controls. Furthermore, dALFF values 
were significantly reduced in the supplementary motor area, orbital part of inferior frontal gyrus, 
middle frontal gyrus, medial superior frontal gyrus, and the precentral gyrus of the meth abstainers 
compared to the healthy controls. All these regions were located in the frontal lobe of the brain, which 
plays a vital role in the cognitive, executive, and control functions of the human body. The frontal lobe 
controls majority of the neuropsychological functions and is responsible for the advanced cognitive 
activities in humans [21]. The executive functions of the frontal lobe include attention, reasoning, 
judgement, problem solving, emotional regulation, impulse control, choosing between good and 
destructive behaviors, and general awareness of one’s actions in relation to those of others around. The 
frontal lobe is also associated with long-term memory and emotional memory of the limbic system. Meth 
abuse causes structural and functional damage to the frontal lobes including the prefrontal cortex [22]. 
The main manifestations of frontal lobe damage are personality changes, impulsivity, inability to 
control emotions, reduced social activity, creativity, and problem-solving skills [23]. The abnormal 
regions of the frontal lobe in the brain of meth abstainers showed increased ALFF and decreased 
dALFF values. This suggested that the frontal lobes of the meth abusers were abnormally active and 
unstable. Therefore, we speculate that the abnormal spontaneous neural activity in the frontal cortex 
of the meth abstainers impairs their cognition, control, and executive ability, and may be responsible 
for the high relapse rate. 
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The middle temporal gyrus is a region of the brain that is critical for encoding and retrieving 
emotional episodic memory, including emotions, learning memory, and social cognition [24]. The 
middle temporal gyrus is in the temporal lobe, a brain region related to hearing and memory. The 
temporal lobe is mainly responsible for receiving and processing auditory information and is also 
associated with memory and emotions. It is the olfactory, speech, and hearing center of the human 
body. The main functions of the temporal lobe include processing the sensory input, participation in 
the primary auditory perception, advanced visual processing of complex stimuli, language recognition, 
visual and linguistic semantic processing, visual memory, and memory storage [25]. In the meth 
abstainers, the middle temporal gyrus showed increased ALFF and decreased dALFF. The interactions 
between neural elements have been shown to be dynamic, allowing for flexible, time-varying patterns 
of information flow [26]. This suggested increased frequency and decreased time variability of 
spontaneous fluctuations in the neural activity of the middle temporal gyrus. Therefore, the high 
recurrence rate of meth abstainers may be related to the abnormal spontaneous neural activity in the 
middle temporal gyrus that adversely affects episodic memory and social cognition. 

The middle occipital gyrus is in the occipital lobe, which forms the core of the visual cortex and 
plays an essential role in reading, word recognition, and processing of visual information. In the meth 
abstainers, the occipital gyrus showed decreased ALFF and dALFF values. This suggested weakened 
frequency and temporal variability in the spontaneous neural fluctuations of the occipital gyrus in the 
meth abstainers. Long-term abuse of meth is associated with significant decline in visual memory 
decline and may be related to aberrant functional changes in the middle occipital gyrus [27]. We also 
observed decreased dALFF in the insula of the meth abstainers. The insula is a vital node of the right 
frontoparietal network and is involved in executive functions such as attention allocation, working 
memory, and performance monitoring and planning [28]. Insula is also a critical region of the brain 
that is involved in the addiction circuit. Furthermore, glucose metabolism is significantly reduced in 
the insula of the meth abstainers [29], and may represent a pathological basis for abnormal function of 
the insula. 

Cerebellum is an integral part of the brain that coordinates the voluntary movements in the human 
body, regulates muscle tension, maintains body balance, and regulates cognitive activities and 
emotions [30]. Meth abuse induces neuronal apoptosis in the cerebellum and promotes pathological 
changes in the cerebellar structure that cause significant reduction in the cerebellar gray matter 
volume [31]. A previous study showed that the functional connectivity between the cerebellum and 
other cerebral functional networks such as the default mode, affective limbic, and sensorimotor 
networks were disrupted in the meth abstainers [32]. Furthermore, another study showed that meth 
abuse increased neural connectivity from both the thalamus and cerebellum to the sensorimotor and 
middle temporal gyrus networks, but the connectivity was reduced between the sensorimotor and the 
middle temporal gyrus networks [33]. Moreover, cerebellum also regulates cognitive emotions, attentional 
processing, and decision-making, all of which are deregulated in the drug abuse patients [34]. Our 
study showed reduced dALFF in most regions of the cerebellum. This suggested that the cerebellar 
injury caused by meth abuse adversely affected the normal structure and functions of the cerebellum. 
This provides a functional basis for the decreased emotional regulation in the meth abstainers. 

4.2. Limitations and prospects 

In this study, we used a combination of ALFF and dALFF methods to analyze the fluctuation 
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frequency of the spontaneous neural activity and changes in the time variability in different regions of 
the brain in the meth abstainers. However, our study has the following limitations: 1) The meth 
abstainers recruited in this study were all males. A previous study demonstrated gender-based 
differences in the user behavior of the meth abstainers [35]. However, there is no data regarding 
changes in the spontaneous neural activity in different regions of the brain of the female meth 
abstainers. 2) The sample size of this study was small, and all the study subjects were from a single 
center. This may have resulted in bias and affected the statistical results. Therefore, a multi-center 
large cohort study is required to validate our experimental results. 3) Optical coherence tomography 
(OCT) plays an important role in clinical medicine with its high resolution, high sensitivity, and high 
penetration depth. OCT can provide both functional and structural information about the brain [36–
39], and in the future, it can be combined with fMRI to provide a variety of complementary information 
about brain function relevant to the study of relapse mechanisms in meth abstainers. 4) In recent years, 
an increasing number of researchers have used machine learning techniques to predict people at risk 
for addiction [40], and in the future, machine learning strategies could be used to model meth use and 
predict relapse rates among meth abstainers. 5) Deep learning has led to remarkable achievements in 
many research areas such as data mining, natural language processing and computer vision [41]. Deep 
learning can be used in the future to make further contributions to explore abnormalities in spontaneous 
neural activity in the brain of meth abstainers. 

5. Conclusions 

This study used combined analysis of ALFF and dALFF to determine changes in the frequency 
and time variability of the static and dynamic spontaneous neural activity in the meth abstainers. 
Abnormal spontaneous neural activity was mainly detected in the cerebellum, frontal lobe, temporal 
lobe, occipital lobe, and other brain regions, which control body balance, cognition, emotions, and 
execution. This suggested that combined analysis of the static and dynamic indicators can detect 
abnormal spontaneous neural activity in different brain regions of the meth abstainers, and can be used 
for identifying relapsing meth abstainers for clinical intervention. In conclusion, the ALFF and dALFF 
analytical methods demonstrate significant alterations in the spontaneous neural activity of the meth 
abstainers and provide a deeper understanding of the relapse mechanism in the meth abstainers that 
can be used to specifically guide clinical therapeutic strategy of the meth abstainers with higher risk 
of relapse. 
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