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Abstract 

Background  White matter lesions(WML) is an important cause of mild cognitive impairment(MCI). Ginkgo 
biloba extracts (GBTs) are widely used to treat cognitive dysfunctions. But the treatment of MCI is still limited. Shen-
qingtongqiao Decoction(SQTQD), as a clinical empirical formula, has received good feedback in treating MCI of WML. 
However, there was a lack of solid clinical research on SQTQD in treating MCI. The purpose of this study is to evaluate 
the efficacy of SQTQD in the MCI patients of WML.

Methods  This is a randomized, double-blind, double-dummy, parallel-controlled trial. 80 participants will be 
assigned to receive SQTQD granules plus GBTs mimetics or SQTQD mimetic granules plus GBTs in a 1:1 ratio. The trial 
will last 24 weeks, including a 12-week intervention and 12-week follow-up. The primary outcome is MoCA and AVLT. 
The secondary outcome is a neuropsychological battery (including MMSE, SCWT, TMT, DST, SDMT, BNT, VFT, and CDT), 
quality of life(BI, ADL, and FAQ scores), emotion assessment(PHQ-9, GAD-7 score) , Fazekas and ARWMCs scale, 
and fMRI. Researchers will record any adverse events throughout the trial.

Discussion  This study will provide evidence to evaluate the efficacy and safety of SQTQD for MCI of WML compared 
with GBTs.

Trial registration  The trial is registered at Chinese Clinical Trial Registry: Chinese Clinical Trial Registry (Number: 
ChiCTR2300068552).
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Introduction
White matter lesions (WML), known as white mat-
ter hyperintensities (WMH) and leukodystrophy, were 
presented by Hachinski in 1987 [1]. WML is used to 
describe the diffuse and symmetrical patchy or mottled 
cerebral white matter lesions around the ventricles and 
centrum semiovale, which are characterized by hyper-
intensities on T2-weighted or fluid-attenuated inversion 
recovery images [2]. The incidence of WML in the elderly 
population is 39%-96%, increasing with age [3]. The 
pathogenesis of WML remains unclear. The mian patho-
logical features of WML are mainly pale myelin, demy-
elination, oligodendrocyte apoptosis, and vacuolization 
[4]. Chronic ischemia is considered the cause. Cerebral 
small vessel disease and cerebral amyloid angiopathy are 
risk factors for WML. As a subtype of cerebral small ves-
sel disease, WML not only increases the risk of first or 
recurrent ischemic stroke, intracerebral hemorrhage, 
dementia, and mortality [5], but also are progression 
markers [6, 7] and independent predictor [8, 9] of cogni-
tive dysfunction.

Mild cognitive impairment(MCI) defines an intermedi-
ate stage between normal aging and dementia, which is a 
risk factor for dementia in many studie [10]. The pooled 
prevalence of MCI among Chinese elderly was 15.4% in 
53 studies with 123,766 subjects [11]. Nowadays, there is 
no effective pharmacological intervention for MCI [12]. 
However, the treatment can provide significant benefits 
to patients by alleviating the symptom. Potential agents 
for MCI treatment include AChE-I, glutamate recep-
tor modulators, antioxidants, anti-inflammatory drugs, 
nootropics, immunomodulators, mainly amyloid anti-
bodies, secretase inhibitors and Ginkgo biloba.

Ginkgo biloba  tablets (GBTs), containing flavonoids, 
terpene lactones, and ginkgolic acids, are widely used for 
the treatment of cognitive dysfunctions [13].The review 
by Carlo Tomino et  al. [14] thought EGb 761®, one of 
Ginkgo biloba extracts, benefits on cognitive decline sta-
bilization or slowing down, on ADL and neuropsychiatric 
deficit for MCI, Alzheimer’s and dementia patients. GBTs 
have been demonstrated to have antioxidative activi-
ties, which can enhance microcirculation, affect neuro-
transmitter levels, enhance neuroplasticit, and provide 
neuroprotection. Min Zhan et al. [15] searched for EGb-
related trials up to March 1, 2021, in four Chinese data-
bases, three English databases, and clinical trial registry 
platforms. This meta-analysis showed that EGb may be 
an effective and safe treatment in improving MMSE, 
MOCA, ADL, and BI for vascular cognitive impairment 
patients within three months of diagnosis from. A sys-
tematic review by Cooper et  al. [16] found no evidence 
from 41 RCTs that any specific treatment was effective 
in reducing the transition rate from MCI to dementia. 
Therefore, it is essential to develop and evaluate new 
promising treatments for MCI.

Based on the theory of TCM, the pathogenesis of WML 
with MCI is deficiency of Qi and blood, and blocking of 
collaterals due to phlegm and blood stasis, which leads 
to the brain not getting enough nutrition. SQTQD is 
our empirical prescription for treating WML with MCI 
clinically, which is a compound formula composed of 
Dangshen, Huangqi, Danggui, Chuangxiong, Baizhi, 
Shichangpu, Chenpi, Baishao (Table 1).

The functions of SQTQD are nourishing qi and blood, 
and unblocking brain collaterals by removing stasis 
caused by phlegm and blood stasis. Previous studies have 

Table 1  Standard formulation and mechanism of SQTQD

Pinyin name Latin name Doses,g pharmacological activities

Dangshen Codonopsis pilosula 6 reduced the tau phosphorylation via up-regulating PP2A phosphatase activity [17]
delaying senility, regulating stomach contraction and resisting ulcer [18]

Huangqi Astragalus mongholicus 6 regulation of immune function, and anti-aging, antitumor, reducing blood sugar, lowering blood 
lipid, anti-fifibrosis, antibacterial, radiation protection, and antiviral effects [19, 20]

Danggui Angelica sinensis 6 hematopoietic, antioxidant, and immunoregulatory activities [21]
invigorating the blood, promoting circulation, lubricating the intestines, regulating menstruation 
as well as relieving pain, treating female irregular menstruation and amenorrhea [22]

Chuangxiong Ligusticum chuanxiong 6 antiatherosclerosis, antimigraine, antiaging, and anticancer properties [23, 24]

Baizhi Angelica dahurica 6 anti-inflammation, anti-tumor, anti-oxidation, analgesic activity, antiviral and anti-microbial 
effects, effects on the cardiovascular system, neuroprotective function, hepatoprotective activity, 
effects on skin diseases [25]

Shichangpu Acori Tatarinowii Rhizoma 6 antifibrillar amyloid plaques, anti-tau phosphorylation, and anti-inflammatory effects [26, 27]

Chenpi Citrus Reticulata 3 hypolipidemic, antiplatelet activity, antioxidant and anti-inflammatory effects [28]
drying dampness and resolving phlegm [29]

Baishao Paeoniae Radix Alba 3 anti-inflammation, pain easing, liver protection, and anti-oxidation [30]
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shown that the pharmacological effects of these herbs are 
related to cognition or its related mechanisms.

Although we have observed the effect of the compound 
formula clinically, no controlled study has been carried 
out. Therefore, we conducted this study to evaluate the 
impact of SQTQD on WML patients with MCI.

Methods/design
Study design
This study is a randomized, double-blind, double-dummy, 
controlled trial with a 1:1 allocation of SQTQD on treat-
ing MCI of WML. A flowchart of the study is shown in 
Fig. 1.

The evaluations and visits will be conducted according 
to the testing schedule in Table 2.

After a recruitment period and obtaining the signed 
informed consent from all the participants, eligible par-
ticipants will be randomized to an experimental group or 
control group, and receive treatment for 12 weeks, with a 
follow-up assessment at the 24th week.

Ethics approval and consent to participates
Ethics approval was requested and approved through 
the Ethics Committee of Yueyang Hospital of Integrated 
Traditional Chinese and Western Medicine, Shanghai 
University of Traditional Chinese Medicine (2021-138). 
The trial was registered at the Chinese Clinical Trial 

Fig. 1  Flowchart of the study
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Registry (Number: ChiCTR2300068552). We design this 
protocol in accordance with the Standard Protocol Items: 
Recommendation for Interventional Trials(SPIRIT). The 
study’s aims, procedures and possible side effects will be 
explained to the participants. Signed informed consent 
will be obtained from all the participants. No partici-
pants’ names or identifying information will be released.

Participants
The trial will enroll the patients meeting the diagnostic cri-
teria for cerebral WML in the Guidelines for Neuroimage 
Reporting published in Lancet Neurol in 2013. The pres-
ence and severity of WML had to be agreed upon by one 

neurologist and one radiologist. The WML severity was 
assessed using the scoring system of Fazekas et al. [32]. After 
that, we will diagnose the patients with MCI according to 
the Diagnostic and Statistical Manual of Mental Disorders 
V (DSM-V) [33] (Table 3) and 11th revision of the interna-
tional classification of diseases (ICD-11) [34] (Table 4).

Inclusion criteria: patients who meet the following criteria 
will be enrolled in this trial

(1)	 Male or female, aged from 50 to 80, adequate 
intellectual function to provide voluntary signed 
informed consent;

Table 2  Participants timeline

MMSE Mini-mental State Examination, AVLT Auditory Verbal Learning Test, SCWT​ Stroop Color Word Test, STT Shape Trails Test, DST Digital Span Test, SDMT Symbol 
Digit Modalities Test, BNT Boston Naming Test, VFT Verbal Fluency Test, CDT Clock Drawing Test, RCFT Rey-Osterrieth complex figure test, PHQ-9 Patien Health 
Questionnare, GAD-7 Generalized Anxiety Disorder, ARWMCRs Age-related white matter changes rating scale, MoCA Montreal Cognitive Assessment, ADL Activity of 
Daily Living Scale, FAQ Functional Activites Questionnaire, PFS-R The revised Piper fatigtle scale, fMRI Functional Magnetic Resonance Imaging, FPG Fasting plasma 
glucose, ECG Electrocardiogram

Trial stage Baseline Mid-points Endpoint Follow-up period

Weeks 0 wks 4 wks 8wks 12wks 24wks

Assessments

  Informed consent √

  Inclusion criteria √

  Exclusion criteria √

  General information √

  Medical history √

  Vascular Risk Factors √

  Spleen-deficiency syndrome integral √ √ √

AIS

  Intervention

    SQTQD + GBTs mimetics √ √ √

    SQTQD mimetics + GBTs √ √ √

    Primary outcomes measurements

    MoCA √ √ √

Secondary outcomes measurements

  MMSE, AVLT, SCWT, ST, DST, SDMT, BNT, VFT, 
CDT, RCF

√ √ √

  ADL √ √ √

  FAQ √ √ √

  PHQ-9, GAD-7 √ √ √

  PFS-R √ √ √

  Fazekas、ARWMCRs [31] √ √

  fMRI √ √ √

Safety assessments

  Blood, urine and stool routine √ √

  Liver and kidney function √ √

  Coagulation function √ √

  FPG √ √

  Electrolyte √ √

  ECG √ √

  Efficacy evaluation √ √
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(2)	 Radiological diagnosis of WML, confirmed by brain 
MRI in the past 3 months, and the Fazekas’ score ≥ 
2 (Table 5);

(3)	 Clinical diagnosis of MCI according to DSM-V and 
ICD-11.

(4)	 MoCA score of 0-13 in the illiteracy population, 
0-19 in the primary school group, and 0-24 in the 
junior high school and above group.

Exclusion criteria
Enrolled patients who meet the following criteria will be 
excluded from the trial.

(1)	 A medical history of cerebral hemorrhage, cerebral 
infarction (infarct diameter ≥15mm), neurode-
generative diseases, brain tumors, or other central 
nervous system diseases.

(2)	 Cognitive dysfunction caused by other diseases, 
such as CO poisoning, hydrocephalus, immune 
brain injury, thyroid disease, and vitamin defi-
ciency;

(3)	 Those with severe cognitive dysfunction, whose 
MMSE score ≤17 in the illiteracy group, ≤20 in the 

primary school group, ≤22 points in the secondary 
school group, and ≤23 points in the college group;

(4)	 Those who are taking pills to improve cognition in 
the past 3 months, such as cholinesterase inhibi-
tors, memantine, nimodipine, and Ginkgo Biloba 
extract;

(5)	 Those with insufficiency of essential organs such as 
the liver, kidney, heart and lung;

(6)	 Those who are allergic to GBE or the ingredients of 
this traditional Chinese medicine;

(7)	 Those participating in other clinical trials in the 
past 3 months;

(8)	 Those with severe mental illness;
(9)	 Pregnant or lactation period women

Recruitment
Participants will be recruited from inpatient and outpa-
tient in the Department of Neurology, Yueyang Hospital 
of Integrated Traditional Chinese and Western Medicine, 
Shanghai University of TCM (Shanghai, China) from Jul 
21st, 2022. This trial is ongoing now. The enrollment is 
advertised through the hospital posters and oral promo-
tion of hospital neurologists. All patients eligible for the 
trial will sign the informed consent form and get a copy 
with the contact telephone of the investigator. Partici-
pants can enquire questions about the trial at any time.

Sample size calculation
The sample size was calculated based on the sample size esti-
mation method using the mean value of two samples in non-
inferiority clinical trials. The previous study shows that the 
change of MoCA is the primary evaluation index in similar 
studies, so it comes out that ur-uc =0.9,σ=1.52. Therefore, 

Table 3  Diagnosis of MCI in DSM-V

Modest cognitive decline in one or more cognitive domains based on
● Concern and
● Modest impairment in cognitive performance

Cognitive deficits do not interfere with capacity for independence in everyday activities

The cognitive deficits do not occur exclusively in the context of a delirium

The cognitive deficits are not better explained by another mental disorder (e.g. major depressive disorder, schizophrenia)

Table 4  Diagnosis of MCI in 11th Revision of the International Classification of Diseases (ICD-11)

Subjective experience of a decline from a previous level of cognitive functioning

Accompanying objective evidence of impairment in performance on one or more cognitive domains relative to that expected given the individual’s 
age and general level of intellectual functioning that is not sufficiently severe to significantly interfere with independence in the person’s performance 
of activities of daily living

The cognitive impairment is not entirely attributable to normal ageing

The cognitive impairment may be attributable to an underlying disease of the nervous system, a trauma, an infection or other disease process affecting 
specific areas of the brain, or to chronic use of specific substances or medications, or the aetiology may be undetermined

Table 5  Scoring system of Fazekas et al.

Grade 0 absent

Grade 1 punctuate

Grade 2 early confluent

Grade 3 confluent lesions in the bilateral 
periventricular and subcortical white 
matters
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the equivalence boundary value △ was set to 0.46, with uni-
lateral α=0.025, unilateral β=0.05, unilateral μ0.025=1.960, 
unilateral μ0.05=1.6449, K(the ratio of the number of cases 
between the experimental group and the control group )=1. 

Put into the formula: nc =

(Z1−a+z1−β)
2
σ 2

1+
1

K

(µr − µc + △)2
 . As a 

result, 33 participants were needed in the experimental and 
control groups. Considering the discontinuation of 20%, the 
sample size required for the study was 40 per group.

Randomization and blinding
A random list of numbers from 1-80 will be generated 
using SPSS 24.0 statistical software by an independ-
ent statistician with an allocation ratio of 1:1 for each 
group. Research drugs will be numerically labeled and 
packaged according to random numbers. The seg-
ment length was 4 to generate random numbers cor-
responding to the case number. According to the visit 
sequence, participants will be allocated randomly into 
experimental or control groups. The resulting random 
processing codes are kept in file form, with each num-
ber sealed in an envelope and kept by a person. The 
envelope is marked with a case number. When eligible 
cases entered the trial, they were treated with the same 
drug box according to the case number in the order of 
their entry.

Intervention
All of the participants will undergo a 12-week interven-
tion. They will be randomly divided into 2 groups: The 
experimental group and Control group.

SQTQD (compositions are shown in Table  2)and 
its mimetics will be provided as concentrate-granules 
(10g/2bag) by Jiangyin Tianjiang Pharmaceutical Co., 
LTD(Batch number:2203303) and entrusted by the pro-
ject unit (Yueyang Integrated Traditional Chinese and 
Western Medicine Hospital Affiliated to Shanghai Uni-
versity of Traditional Chinese Medicine). GBTs and GBTs 
mimetics are provided by Shanghai Xinyi Baluda Co., 
LTD. One tablet of GBTs contains 19.2mg of flavonol glu-
coside and 4.8mg of terpene lactone.

The participants in the experimental group will receive 
SQTQD granules (10g, twice daily) plus GBTs mimet-
ics (1 tablet, 3 times daily). While in the control group, 
patients will receive SQTQD granules mimetics (10g, 
twice daily) plus GBTs (1 tablet, 3 times daily). The 
mimetics share the same appearance, taste, dosage, and 
administration methods as SQTQD granules and GBTs.

The patients will be followed up by telephone and 
WeChat once a month during the drug intervention 
period. After drug intervention, the patients will be fol-
lowed up in outpatient service for the next 12 weeks.

Outcome evaluation
Primary outcome
The primary outcome is the changes in cognitive func-
tion. MoCA screening tool can show a broad measure 
of global cognitive function. It consists of 13 tasks cov-
ering the following 8 cognitive domains, which is more 
sensitive and specific than MMSE in monitoring MCI 
[35]. The total score of MoCA ranges from 0 to 30, and a 
lower score indicates more severe cognitive impairment. 
AVLT, as a neuropsychological tool, tests episodic mem-
roy to assess the cognitive function, which is mentioned 
in Petersen’s article [10]. AVLT- HuaShan version is cho-
sen for adapting to Chinese idiom feature [36].

Secondary outcomes
The secondary outcomes as shown below:

(1)	 MMSE, SCWT, TMT, DST, SDMT, BNT, VFT, and 
CDT scale for assessing the neuropsychology and 
the extent of MCI;

(2)	 BI, ADL, and FAQ score for rating quality of life;
(3)	 PHQ-9, GAD-7 score for assessing emotion;
(4)	 Fazekas and ARWMCs [37] scores for qualitatively 

assessing white matter hyperintensities.
(5)	 fMRI for assessing the changes of white matter 

microstructure.

Safety assessments
The safety assessments monitoring will include the fol-
lowing: blood, urine and stool routine, liver and kidney 
function, electrolytes, coagulation function, and electro-
cardiogram. All side effects and adverse events will be 
recorded and reported to the ethics committee of Yuey-
ang Hospital of Integrated Traditional Chinese and West-
ern Medicine, Shanghai University of Traditional Chinese 
Medicine. The investigators should decide whether to 
stop the trial according to the severity or not.

Statistical analysis
All the data will be analyzed by a statistician using 
SPSS25.0 statistical software. For data conforming to 
normality and homogeneity of variance, the group t-test 
is used between groups, and the paired t-test is used with 
the group. On the contrary, Median (M), minimum (Min) 
and maximum (Max) were used for statistical description 
of data. Frequency, constituent ratio and rate were used 
for statistical description. All values were 2-tailed, and all 
analyses were significant if the value was ≤0.05.

Data management and quality control
To protect the anonymity and privacy of participants, par-
ticipants’ names or identifying information will remain 
anonymous. The data management of this trial is based 
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on an electronic data management system, and the data 
administrator constructs eCRF, whose content is derived 
from the “case report form”. When all the subjects complete 
the study, all the case report forms are entered into the sys-
tem. After they are reviewed by the inspectors and checked 
by the data administrator, the data are locked by the data 
administrator. After all the data are locked, the data admin-
istrator will import it into the designated database and sub-
mit it to the statisticians for statistical analysis.

Discussion
MCI, an early stage of dementia, is becoming a serious 
public health problem in the world with the growth of the 
aging population [38]. As a common MRI finding among 
older adults, WML plays an important role in causing MCI 
[3]. Furthermore, many studies proved that the severity of 
WML is an independent predictor of decline in cognitive 
function and can double the risk of dementia [8, 9].

GBTs, which is used to treat cognitive dysfunction 
clinically, have been recommended to improve cognitive 
function and to prevent cognitive decline. Several stud-
ies have proved that GBTs have good performance in the 
efficacy of treating cognitive disorders, especially in ADL, 
neuro psychiatric deficit and memory. However, its ques-
tion on efficacy to prevent cognitive decline is still open. 
Its poor performance on improving MCI symptoms and 
unknown side effects influence patients’ compliance.

TCM is an important complementary and alternative 
medicine used to treat MCI. SQTQD is an empirical recipe 
that can modify the core etiology and pathogenesis of MCI 
of WML according to the theory of TCM. Based on good 
feedback of SQTQD in clinical work, we designed this sin-
gle-center trial with a small sample to determine whether 
SQTQD is as effective as GBTs and evaluate whether it is 
worth further multicenter clinical research. To compare the 
effect of SQTQD on WML with MCI, we set MoCA as the 
primary outcome, which is more sensitive and specific in cog-
nitive domains than MMSE. In addition, we will observe the 
fMRI to provide SQTQD neuromechanism in treating MCI.

The protocol still has some limitaions. The recruitment 
of patients is in single center with small sample. We can’t 
divide people into groups randomly by risk factors such as 
ages, genders, education. Meanwhile most outcomes will 
be measured by subjective scale, which may not be sensitive 
enough for noninferiority. Both of the limitation may affect 
the conclusions to some extent, causing some certain biases 
in the final data analysis. Although this study was designed as 
randomized, double-blind, double-dummy, parallel control, 
24-week trial to reduce bias, the trial is still limited by its small 
sample. We hope that the trial will provide the evidence for 
the efficacy of SQTQD and GBTs in the treatment of MCI.
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