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Abstract 

Alzheimer’s disease (AD) is a progressive neurodegenerative disease, is one of 
the leading causes of death in the aging population, and has become a serious 
public problem endangering the physical and mental health of the elderly. 
The disease not only affects the health of the elderly and the quality of life in 
their later years, but also brings heavy financial and emotional burden to the 
family and society. The specific mechanism of AD is still unclear, and the 
current treatments focus on improving mental function and slowing down 
memory loss. The early diagnosis of AD is difficult and there is no cure for it, 
so the early prevention is particularly important. This review will introduce 
the major treatment, potential risk factors and summarize the relevant re-
search about early preventions of AD, such as regular physical sports, rea-
sonable nutritional diet, certain social activities and so on, and expect to pro-
vide a new direction for the improvement of AD. 
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1. Introduction 

Overview of Alzheimer’s Disease 

Alzheimer’s disease is the most common type of senile dementia, characterized 
by the failure of memory and dementia, the onset of the disease is insidious, and 
the course is chronic and progressive. At present, about 47 million people suffer 
from dementia worldwide [1]. According to the Report of World Alzheimer, it 
has been estimated that the number of AD patients will increase to 65.7 million 
in 2030 and 150 million in 2050 if there are no effective measures. With the ag-
gravation of aging population in China, the number of AD patients is the largest 
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in the world and increasing every year. In 2010, the epidemiological survey 
showed that the incidence of AD in China was 5.69 million, with an annual in-
cidence of 6.25‰; the elder over 55 years old are most likely to have AD [2]. 
Early stage of the disease can affect the daily life of patients; due to all kinds of 
factors, it can lead to a variety of complications or organ failure and death later 
[3]. 

AD was first proposed by Alzheimer [4] in 1907, a German neuroscientist. He 
pointed out that AD is an irreversible age-related degenerative disease of the 
nervous system; the main pathological markers of AD were nerve fiber tangles 
and senile plaques. In 1998, this finding was confirmed again by the Institute of 
Neuropathy, University of Munich, Germany. There is a large number of nerve 
fiber tangles and amyloid plaques, especially in the epithelium of the cerebral 
cortex of AD patients [5]. At present, the pathogenesis of AD is not completely 
clear. There are some theories are accepted by the public: the abnormal of choli-
nergic neurons, β-amyloid protein and its neurotoxicity, hyperphosphoryla-
tion of tau protein [6]. However, AD is a complex disease caused by genetic 
and environmental factors; a single hypothesis cannot fully explain its patho-
genesis. Some new hypotheses, such as the hypothesis of inflammation, insu-
lin, oxidative imbalance and gene mutation have brought into sharp focus in 
recent years [7]. 

2. The Treatment of AD 

At present, among the five drugs approved by FDA (Food and Drug Adminis-
tration) for AD included cholinesterase inhibitors (donepezil, rivastigmine and 
galantamine) and N-methyl D-aspartase NMDA receptor antagonist, but these 
treatments only have modest symptomatic effects for relatively short-time pe-
riods, while drugs aimed at affecting the course of disease are still in the prelim-
inary stage of research [8]. Cholinesterase inhibitors and excitatory amino acid 
receptor antagonists are aimed to improve cognitive disorders of AD; Antipsy-
chotics, antidepressant and Benzodiazepines can effectively treat the psychobe-
havioral symptoms of AD patients [9]. Aducanumab (BIIB037) is a human re-
combinant monoclonal antibody targeting a polymerized form of β-amyloid, in-
cluding soluble oligomers and insoluble fibrils deposited in amyloid plaques in 
the brains of AD patients. Biogen applied Aducanumab in clinical trials of 166 
patients, showed that it could reduce amyloid plaque in patients with precursor 
or mild AD and slow down the progress of the disease, doses 30 mg/kg were 
generally well tolerated with no severe or serious adverse events. But its clinical 
effect still needs to be further studied by promoting the Aducanumab Clinical 
Project into Phase 3 Trials [10]. Chinese medicine including the active ingredients 
and compounds have been used in dementia treatment for a long history, such as 
huperzine A, extracts of ginkgobiloba leaves (EGb), L-3-n-butyiphathlide (L-NBP), 
TSH (the main water-soluble composition of our traditional Chinese medicine 
Polygonum multiflorum ThunbIn), ginsenosides, curcumin, Cornus officinalis 
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and so on. Compared with the drugs approved by FDA, there are abundant re-
sources of traditional Chinese medicine in China, It has unique advantages to 
extract effective, safe and non-toxic single traditional Chinese medicine, active 
ingredients and compound from natural products, but the effective ingredients 
of Chinese traditional medicine are complex, so it’s partly difficult to extract and 
separate active ingredients [11]. Because the drug treatment can only delay the 
course of AD, and some elderly have a high risk of taking drugs, more and more 
researchers focus on non-drug treatment, some small-scale randomized con-
trolled trials have indicated that non-drug treatments have significant benefits of 
AD [12]. Noninvasive brain stimulation technology mainly includes transcranial 
magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS). 
Studies indicated that TMS can effectively improve the cognitive function of AD 
patients, especially is the high frequency magnetic stimulation; tDCS can im-
prove AD patients’ memory, but it can only stimulate a few brain tissues in the 
cerebral cortex and subcortex, the stimulation to deep brain tissues is weak, so 
the symptoms of some patients did not improve significantly [13] [14] [15]. 
Memory training, cognitive ability training, compensatory cognitive training, 
motivational interviews and error-free learning are common cognitive training 
methods. Compared with other non-drug therapies, these therapies are more 
safe and interesting, and AD patients performed high compliance, but it needs 
long-term persistence [16]. Study demonstrated that phototherapy can improve 
the sleep condition of AD patients by adjusting the light intensity and irradiation 
time, so as to improve their cognitive function [17]. Studies have shown that lis-
tening to music and singing can enhance the memory and association ability of 
AD patients, and have a significant positive effect on the improvement of mood 
and mental state of their caregivers [18]. For the absence of specific drugs and 
physiotherapy, the occurrence and development of AD can be effectively delayed 
by recognizing the potential risk factors of AD and taking early preventive 
measures. 

3. Potential Risk Factors of AD 

3.1. Hereditary Risk Factors 

Apart from age, the most definite risk factor of AD is family history of dementia. 
Studies have shown that if there is a first-degree relative suffers from dementia, 
the risk of one suffers from AD will increase by 10% - 30% [19]. Compared with 
the general population, someone who has at least two siblings suffers from AD 
in the family and the risk of AD will increase by 3 times [20]. Studies have 
shown that race is also an influencing factor of AD. An epidemiological study 
included 17,639 biological first-degree relatives of 2339 white AD patients and 
2281 biological first-degree relatives of 255 African-American AD patients, the 
cumulative risk of dementia among African-American relatives and white relatives 
was 43.7% and 26.9% respectively, which showed significant difference (P < 0.05) 
[21]. 
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3.2. Acquired Risk Factors 

A variety of polygenic and acquired factors may affect the occurrence of AD, in-
cluding hypertension, dyslipidemia, cerebrovascular diseases, as well as unheal-
thy lifestyle, environmental pollution and so on. 

3.2.1. Disease 
It’s estimated that about one third of AD patients worldwide may be attributed 
to correctable risk factors, such as diabetes, middle-aged hypertension and so on 
[22]. Among individuals with two or more vascular risk factors in middle ages, 
the risk of detection of brain amyloid deposition increased to three times in later 
years, treating vascular risk factors in middle age is considered to be a key strat-
egy to reduce the risk, progression and severity of AD [23]. 1) Hypertension: 
Multiple cross-sectional studies have shown that middle-aged people with 
hypertension are more likely to suffer from dementia. Arterial stiffness and 
blood pressure variability may play an important role in the association between 
blood pressure and AD [23] [24] [25]; 2) Dyslipidemia: study has shown that 
high levels of total cholesterol in middle-aged can triple the risk of AD, it might 
be related to that brain cholesterol can accelerate the formation or deposition of 
β-amyloid protein [26]; 3) Cerebrovascular diseases: cerebrovascular diseases 
often coexist with AD, and the complications of AD and vascular diseases are 
often referred to as mixed dementia. Study has shown that blood flow decreases 
have been observed before β-amyloid deposition in AD mice model, which di-
rectly contributes to amyloid deposition by impairing amyloid clearance [27]. 

3.2.2. Lifestyle 
In recent years, there are enough evidence have indicated that healthy diet and 
lifelong learning can reduce the risk of cognitive impairment. A meta-analysis of 
16 prospective studies found that the overall incidence of dementia and AD de-
creased by 28% and 45% in individuals with more physical activity than those 
with less physical activity [28]. Alzheimer’s Association and the World Commis-
sion on Dementia also suggest that regular physical activity and management of 
cardiovascular risk factors are associated with reducing the risk of cognitive im-
pairment [29]. 

3.2.3. Environmental 
In a cross-sectional study, 2692 non-smokers aged were enrolled, the results 
showed that secondhand smoke exposure was associated with increasing the risk 
of AD [30]. Air pollution and pesticides are also potential risk factors of AD [31] 
[32]. 

4. Early Prevention of AD 

4.1. Regular Physical Exercise 

Long-term regular exercise can delay the occurrence or the progress of AD [33]. 
Wang Fang [34] found that the spatial learning and memory ability of AD mice 
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model in the exercise group were significantly higher than that of the other two 
groups after eight weeks of aerobic treadmill exercise by studying the effect of 
aerobic treadmill exercise on learning and cognitive ability of AD mice model, 
aerobic exercise can effectively improve the cognitive function and delay the 
progress of AD. In a cohort study, 3777 the elderly from 75 communities in 
southwestern France were randomly selected and followed up every two years 
for 15 years, the results showed that over the past 15 years, the elderly who were 
active in exercise and reading were less likely to suffer from dementia than those 
who did less exercise and reading. More exercise and reading can reduce the risk 
of dementia by 25% [35]. Wang Yanping’s follow-up study also indicated that 
less exercise could be considered as a risk factor of AD. Taking physical exercises 
regularly could significantly reduce the risk of mild cognitive impairment turn-
ing to AD, which could be considered as a protective factor of AD [36]. A me-
ta-analysis [37] of a series of related studies showed that short-term and me-
dium-intensity aerobic exercise can improve cognitive function and various 
psycho-behavioral symptoms of AD patients, and then improve the quality of 
life. Effective way and intensity of exercise can reduce the risk of AD, for mild 
cognitive impairment patients the symptoms can be improved to a certain extent 
and the quality of life of AD patients can be improved. Old people should choose 
the most suitable and safe exercise methods according to their age and physical 
strength, such as walking, jogging, Tai Chi and general daily activities such as 
housework, plant flowers and plants, etc. 

4.2. Rational Nutritional Diet 

Malnutrition and unreasonable diet may accelerate the development of AD and 
increase the degree of cognitive impairment. Clinical study has shown that ad-
vanced AD patients have different degrees of nutritional disorders [38]. Liu Xi-
nyan et al. [39] selected 96 AD patients and 100 the healthy and used Spearman 
correlation analysis and multiple regression analysis to analyze the correlation 
between nutritional status with AD. The results showed that the worse the nutri-
tional status, the worse the cognitive impairment and the self-care ability of daily 
life. One study explored the effect of low nutritional status on mild to moderate 
AD patients, the results showed that low levels of serum total protein and BMI 
were independently related to AD, which further suggested that low nutritional 
level involved in the occurrence and development of AD to a certain extent [40]. 
One study about the correlation between AD biomarkers with BMI index 
showed that some AD biomarkers such as CSFAb, tau and tauAβ were signifi-
cantly correlated with BMI. Few overweight and well-nourished people were de-
tected AD biomarkers [41]. Reasonable dietary pattern can also affect the occur-
rence and development of AD. Some scholars have proposed that the deficiency 
of various nutrients such as VB1, VB12, folic acid, and metabolic disorders are re-
lated to dementia for the impairment of brain tissue and its function [42]. Von 
Arnim [43] has demonstrated that malnutrition, oxidative stress and homo-
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cysteine vitamins play an important role in the pathogenesis of AD. Intaking 
more saturated fatty acid would increase the risk of AD, fish oil, fish and other 
unsaturated fatty acids with vegetables can help the regeneration of nerve cell, 
prevent cognitive decline and the occurrence of AD [44]. In 2013, the Dietary 
Guidelines for the Prevention of Alzheimer’s Disease also recommended avoid-
ing saturated and trans fatty acids, eating more vegetables, increasing the intake 
of VE and VB, eating more mediterranean diets such as fruits and olive oil can 
reduce the risk of AD. Due to the decline of digestive, absorptive function and 
basic metabolism of the elderly, the utilization of nutrition in the body is in-
sufficient, while the cognitive ability of AD patients descend. There are differ-
ent degrees of mental disorders and dysphagia, AD patients are more prone to 
suffer from malnutrition than other diseases. Improving the nutritional status 
of patients and maintaining normal nutritional intake in the early stage of dis-
ease may be of great significance to improve the mental and behavioral symp-
toms of AD patients, so that AD patients can benefit from nutritional inter-
vention. 

4.3. Social Activities 

Frequent mental training activities are of great significance in preventing AD, 
such as watching TV, playing chess and playing cards can stimulate brain and 
reduce the risk of AD, while little mental training can increase the probability of 
suffering from AD. A 26-year longitudinal study of 2513 Japanese-Americans 
showed that people with the lowest social participation in quartiles had a signif-
icantly increased risk of dementia, maintaining certain social ties and partici-
pating in social activities could effectively reduce the risk of dementia [45]. 
Scarmeas et al. [46] found that definite social activities can improve the cognitive 
status of AD patients, which may be related to stimulating brain cell metabolism 
and giving full play to brain function. The relationship between lifestyle related 
factors with AD was studied by selecting 238 patients with AD as case group and 
476 healthy elderly as control group, family activities, keeping in touch with 
friends, continuing to work after retirement, tourism and active participation in 
social activities were included in the study criteria, then multivariate logistic re-
gression analysis was carried out. The results showed that social activities such as 
playing cards, traveling, reading, exercising and maintaining good relations with 
family and friends were significantly correlated with AD [47]. Adopting a positive 
lifestyle and increasing the self-participation of the elderly is conducive to im-
proving the cognitive level of AD patients. Long Yuanxian et al. [48] conducted a 
meta-analysis showed that the combined OR value of a certain amount of social 
activities was 0.48 [95% CI (0.25, 0.92)], which indicated that the participation of 
social activities might be beneficial to train the thinking and cognitive abilities of 
the elderly and be a protective factor of AD. After retirement, the elderly should 
keep in touch with their family and friends, participate in intellectual social activi-
ties frequently, think more, use their brains diligently and train their cognitive 
thinking ability, which can reduce the incidence of AD in the elderly. 

https://doi.org/10.4236/ym.2020.41001


L. Zhang et al. 
 

 

DOI: 10.4236/ym.2020.41001 7 Yangtze Medicine 

 

5. Conclusions and Prospects 

The pathophysiological process of AD is thought to begin many years before the 
diagnosis of AD dementia [49]. At present, no effective detection method has 
been found for early diagnosis and prediction of AD, so most AD patients did 
not receive regular examination, diagnosis and treatment [50]. The emotional, 
mental and behavioral symptoms of AD patients during the whole course of the 
disease have brought tremendous psychological and economic burden to the pa-
tients and their families. Identifying potential risk factors and taking early pre-
vention measures, including appropriate sports, reasonable nutritional diet and 
certain social activities can slow down the occurrence and development of AD. 
However, systematic and comprehensive prevention guidelines have not yet been 
formulated. In addition to continuing to study these mechanisms, prevention and 
treatment of AD by these interventions are also needed. Whether there is gender 
difference in the improvement effect, whether it can prevent the occurrence of AD 
and its combined treatment with drugs should be further discussed. 
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Abstract 

Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder in 
women of reproductive age, associated with chronic anovulation and hyperan-
drogenism. The cause of PCOS is multi-factorial and the mechanism is still un-
clear. A number of complications are closely related with PCOS such as infertil-
ity, hairy and obesity. Approximately up to one-third of females with PCOs have 
issues with infertility. Obesity is an independent factor which exacerbates infer-
tility in PCOS, reduces the efficacy of infertility treatment and provokes a greater 
risk of miscarriage. Preconception counseling and guidelines play an initial ma-
jor role in infertility treatment. The option of the most appropriate treatment 
depends upon various factors such as age, tubal patency, quality of sperm, expe-
rience, and duration of previous treatments and the level of anxiety of the 
couple. Tubal patency test and semen analysis are mandatory to decide the suit-
able treatment. Treatment modalities have two measures—non-pharmacological 
and the pharmacological. Oral clomiphene citrate remains the first line treat-
ment to trigger ovulation. Gonadotrophin and laparoscopic ovarian drilling 
(LOD) surgery are the other treatment option. In vitro fertilization (IVF) and 
embryo transfer are the third line treatment and IVF remains the first option in 
the patient with diagnosed and established bilateral tubal occlusion and/or con-
centration of recovered motile sperm less than or equal to 5 million. Here, etiol-
ogy, pathophysiology and molecular mechanisms of PCOS are reviewed, and 
perspectives are given for further research. The recent development, treatment, 
and diagnosis of PCOS are also highlighted. The summary will be of guiding 
significance in the prevention and treatment of PCOS. 
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1. Introduction 

The polycystic ovary syndrome (PCOS) is the most frequent multisystem endo-
crinopathy among women of reproductive age. It was discovered and named for 
the first time by Stein and Leventhal in 1935 [1] [2] [3]. In the publication, Stein 
and Leventhal identified the phenotype of seven cases of PCOS in women with 
oligo/amenorrhea, hirsutism, obesity, and polycystic ovaries bilaterally [1] [4] 
[5]. The current incidence of PCOS (5% - 6%) is getting increasingly fast due to 
stress and change in lifestyle, also becoming a common problem among adoles-
cent girls developing soon after the puberty [5] [6]. Infertility is considered as 
the devastating issue for the women of reproductive age group and it may be due 
to numerous reasons [4]. 

PCOS is frequently associated with reproductive complications importantly 
infertility which accounts for around 6% - 21% [7]. Most of the women may ac-
cidentally know and realize that they have PCOS only when they seek infertility 
therapy [7]. Some latest research has shown diminished sensitivity of the gona-
dotropin-releasing hormone (GnRH) pulse generator to inhibition by ovarian 
steroids, mostly progesterone [8] [9]. Women with polycystic ovary syndrome 
(PCOS) need higher levels of progesterone to slow the frequency of GnRH pulse 
secretion, resulting in insufficient plasma follicle-stimulating hormone (FSH) 
synthesis and persistent plasma luteinizing hormone (LH) stimulation of ovarian 
androgens. In hyperandrogenemic girls certain to develop PCOS, increase in 
ovarian steroids may not be adequate to suppress the GnRH pulse generator, 
leading to a persistently rapid LH pulse frequency, reduced FSH generation, and 
insufficient follicular development [8] [9]. These imbalances are the reason be-
hind oligomenorrhea or amenorrhea (infrequent or lack of menstruation) [10]. 
There is a number of additional clinical features, like tiny cysts on the surface of 
the ovaries (polycystic) and hair symptoms i.e.: hirsutism due to underproduc-
tion of estrogen and overproduction of androgens (testosterone, dehydroepian-
drosterone and androstenedione) by the ovaries and skin symptoms i.e.: acan-
thosis nigra due to insulin resistance and hyperinsulinemia [4] [11] [12] [13]. If 
a woman conceives, carbohydrate intolerance, hypertension may develop during 
pregnancy; 20% - 30% of pregnancy in PCOS females are ending up with 
first-trimester spontaneous abortion [13] [14] [15]. 

2. Etiology of PCOS 

Although PCOS has been attributed to several factors including environmental 
factors such as an unhealthy diet and lack of physical activity, change in lifestyle 
and stress, the exact cause of PCOS is still unknown, but it is recognized to be a 
multi-factorial condition with a genetic and familial component (Figure 1) [13] 
[16] [17] [18]. Approximately 20% - 40% of primary female relatives of women 
with PCOS go on to develop PCOS themselves means familial occurrence with a 
reported-linked dominant mode of inheritance is also involved [19] [20]. Many 
women with PCOS have female relatives with PCOS, even if it was never diagnosed  
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Figure 1. Pathophysiology up to long term complications of PCOS. GnRH = Gonadotropin releasing 
hormone; LH = Luteinizing hormone; FSH = Follicular stimulating hormone; SHBG = Sex hormone 
binding globulin; IGBFP = Insulin like growth factor binding protein;  = increase;  = decrease; 

 = increase more. 
 

[21] [22]. As with type II diabetes, it is likely that numerous genes each make a 
small contribution to the etiology of PCOS; and recent genome-wide association 
studies have identified candidate genes [4] [13] [21] [23]. Any underlying genet-
ic predisposition is likely complicated by epigenetic and the gene (CYP11a) mu-
tation has been discovered in this connection [9] [24] [25]. High maternal serum 
testosterone concentrations during pregnancy may influence on the behavior of 
children like autism disorders and raised level anti-Mullerian hormone (AMH) 
in adolescence. They are also supposed to develop the female reproductive axis 
to induce the features of PCOS in later life: oligo/anovulation, polycystic ovaries, 
hyperandrogenism and insulin resistance (IR) [26] 

3. PCOS Pathophysiology Regarding Infertility 

3.1. Normal Oogenesis and Ovulation 

Development of the ovaries begins in intrauterine life, as early as the 3rd weeks of 
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gestation, primordial germ cells appear in the endoderm of yolk sac migrate 
along the dorsal mesentery to the urogenital ridge by amoeboid movement. As 
shown in Figure 2, by the 8th weeks, the primitive germ cells undergo multiple 
rapid mitotic divisions and get differentiated into oogonia, number of oogonia 
reaches its maximum at 20th weeks. The mitotic division gradually ceases and the 
majority enters into the prophase of first meiotic division are called primary oo-
cytes. These primary oocytes are surrounded by flat cells (granulosa cells) and 
are called primordial follicles. At birth these oogonia get replaced by primary oo-
cytes; hence there are no more mitotic divisions. Thus all those primordial follicles 
with primary oocytes in the ovary of newborn female are getting arrested in the 
diplotene stage prophase of first meiotic division till puberty. At puberty, now the 
arrested primary oocyte with surrounding follicular cells (also known as primor-
dial follicle) gets developed into mature Graafian follicle (measures its size about 
12 - 16 mm) through the development of growing follicle, primary follicle(with 
multilayered follicular cells) and secondary follicle (primary follicle with an-
trum) under the control of FSH secreted by anterior pituitary gland. The  

 

 
Figure 2. Normal ovulation process. The primitive germ cells undergo multiple rapid 
mitotic divisions and get differentiated into oogonia. The mitotic division gradually ceas-
es and the majority primitive germ cells enter into the prophase of first meiotic division 
are called primary oocytes. These primary oocytes shift to the first meiotic division and 
get arrested in diplotene stage of prophase, the result of first meiotic division release sec-
ondary oocyte (22 + X) and first polar body (22 + X), and ovulation gets repeated once 
monthly. 
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mature Graafian follicle is spherical or ovoid in shape contains liquor folliculi. 
The lining of it consists of two layers, the theca cells layer and granulose cell 
layer [10]. Theca is responsible for the production of ovarian hormones; ie; es-
trogen, progesterone and sometimes extended to the production of androgens. 
Granulosa cells secrete a clear fluid composed of protein, known as liquor folli-
culi, which contains ovarian hormone estrogen. Until puberty, most primordial 
follicles in the ovary undergo retrogression by a process termed as follicle atresia. 
During reproductive age, several follicles tend to develop in each menstrual 
cycle. In response to FSH, small gap junctions (to provide a pathway for nutri-
tion and metabolic interchange) develop between the granulosa cells and the 
oocyte. Among several follicles developing on both ovaries, one follicle grows 
faster than the rest and generates more FSH receptors and estrogen. The raised 
level of estrogen stimulates LH receptors in the theca cells as well as gives nega-
tive feedback to the anterior pituitary gland leading to progressive fall in FSH 
level, due to which only developed follicle remains and undergoes ovulation, rest 
all follicles get atrophied [27] [28]. 

3.2. Oogenesis in PCOS and Infertility 

The oogenesis process is completely different than that of a normal cycling fer-
tile woman. During folliculogenesis, the individual conversion of the primordial 
follicle to primary follicle does not depend upon the gonadotropins [13] [29] [30]. 
Due to the functional deficiency of the endogenous action of FSH, the follicular 
growth is frustrated at different phases of maturation (2 - 10 mm in diameter) [5]. 
In the obese patient, the fat (adipose tissue) secretes leptin (also secreted by ova-
rian follicle), adiponectin and cytokines which interferes the insulin signaling 
pathways in liver and muscles which results in insulin resistance and hyperinsuli-
nemia. Insulin stimulates the LH to cause thecal hyperplasia and secretes andro-
gens, testosterone, and epi-androstenedione. Due to the hyperactivity of thecal cell 
and increase level of androgens, testosterones, and epi-androstenedione, accele-
rate the generation of estrogen in granulosa cells [31] [32] [33]. There is defec-
tive FSH induced aromatization of androgens to estrogens; therefore follicular 
microenvironment is more androgenic rather than estrogenic. Androgen also 
suppresses the growth of the dominant follicle and prevents apoptosis of smaller 
follicles which are normally destined to disappear in the late follicular phase; 
hence multiple immature follicles remain in the ovary. Unless there is estrogenic 
follicular microenvironment, follicular growth, maturation, and ovulation can-
not occur. Epi-androstenedione converts to estrone in the peripheral fat, leads to 
a rise in estrogen and inhibin level, in turn, causing tonically elevated LH with-
out any surge. LH surge is essential for ovulation to occur. In PCOs patient, a 
spike increase of LH can also cause early maturation of granulosa cells rather 
than the organized signaling to continue follicular development from the pri-
mary to the secondary than to graffian follicular stage [34]. Estrone level is 
prompted whereas estradiol remains normal, resulting in the raised ratio of es-
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trone/estradiol. 
Hyperandrogenism due to insulin resistance and hyperinsulinemia in PCOs 

patient occurs due to following two ways- by stimulating the synthesis of andro-
gen from ovary along with LH [17] or by decreasing the sex hormone binding 
globulin (SHBG) [35]. So hyperandrogenism again lowers the level of hepatic sex 
hormone binding globulin, hence level of free testosterone gets raised. Clinically 
hyperandrogenism is primarily manifested by hirsutism, acne and male pattern 
alopecia [36]. Hirsutism is the male type terminal hair growth and distribution 
in females [37]. PCOS is a common cause of hirsutism occurring in approx-
imately 60% of cases depending upon the race and degree of obesity [28] [36]. 
Hirsutism should be assessed with a standardized scoring system (Ferri-
man-Gallwey score) [38]. 

The pathogenesis is initiated from the early adolescent period; early adre-
narche and early menarche are observed in a few girls. Menstrual abnormalities 
like oligomenorrhoea or secondary amenorrhea more than 3 months followed 
by menometrorrhagia are the clinical manifestation of ovarian dysfunction ie: 
anovulation or oligo ovulation [39]. PCOS is the most common cause of an ovu-
latory infertility. About 90% to 95% of women with anovulation who attends in-
fertility clinics are diagnosed to be PCOS. But 60% of women with PCOS are 
found to be able to conceive within 12 months, although time to conceive is of-
ten increased [9]. In the fact that all women with PCOS are usually not entirely 
sterile but they do ovulate sometimes spontaneously. The ovulatory frequency 
has not been studied well, but few studies show that ovulation occurs in up to 
32% of menstrual cycles [11]. In those with PCOS and infertility, 90% are over-
weight. Obesity is another independent factor which exacerbates infertility, re-
duces the efficacy of infertility treatment and induces a greater risk of miscar-
riage [39]. Currently, an active debate about the appropriate limit for body mass 
index for assisted reproduction therapies is going on, which gives a clear idea 
that in overweight women, the pregnancy success rate is reduced along with the 
association of risk in pregnancy [40]. Ideally, Overweight has to be optimized 
before conception. Age is also a factor which exacerbates infertility, so it is wise 
to think about family planning on time. 

The diagnosis of PCOS is based on the Rotterdam criteria (Table 1). In Rotterdam,  
 

Table 1. Rotterdam criteria for PCOS [41] [42]. 

1. Oligo and/or anovulation 

2. Clinical and/or biochemical  
signs of hyperandrogenism 

Biochemical 

Total testosterone > 70 ng/dl 

Androstenedione > 245 ng/dl 

DHEA-S > 248 ng/dl 

Clinical: Acne, Hirsutism, Acanthosis nigra 

3. Polycystic ovary (morphological sign found at the ultrasound examination) 
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ESHRE (European Society of Human Reproduction and Embryology)/ASRM 
(American Society of Reproductive Medicine), the PCOS consensus workshop 
group has proposed a revision of the PCOS diagnostic criteria which suggests the 
presence of at least two of the following criteria together with the exclusion of 
other etiologies (congenital adrenal hyperplasia, hyperprolactinemia, thyroid 
dysfunction, androgen-secreting tumors and Cushing syndrome) [21].  

There is a remarkable difference between normal and polycystic ovary (Figure 
3). Transvaginal ultrasound is the most widely used technique for the ultrasound 
assessment of PCOS. The comparison of ultrasound imaging between the nor-
mal ovary and polycystic ovary is shown in figure (Figure 4). The sonographic 
criteria have been subsequently modified and, therefore, the increase in ovarian 
volume (>10 cm3) with dense echogenic stroma due to enlargement and the  

 

 
Figure 3. Gross anatomical comparison between normal ovary showing normal oogenesis with Polycystic ovary showing arrested 
follicular development and lack of ovulation (source of figure https://www.indeedcare.com/blog/dont-let-pcos-interfere-with-your-life/). 
 

 
Figure 4. Comparison of ultrasound imaging between the normal ovary and polycystic 
ovary (necklace appearance), source of Figure 4, it is taken from Jingzhou central Hospital. 
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presence of multiple (12 or more) follicles each with a diameter of 2 to 9 mm 
sized placed peripherally along the surface of ovary giving a necklace appearance 
at least in one ovary [43]. It must be excluded from this rule women who use an 
oral contraceptive as it transforms the ovarian morphology in healthy women and 
probably also in women with PCO [21]. The ultrasound findings can rule out the 
ovarian tumor, adrenal hyperplasia or tumor and also shows endometrial hyper-
plasia if present. The ultrasound should preferably be performed in the early fol-
licular phase. Laparoscopy is reserved for therapeutic purpose rather that diag-
nostic purpose because the diagnosis can be confirmed by ultrasound findings. 

4. Clinical Pictures of the Patients with PCOS 

As illustrated in Table 2, there is a number of additional clinical features, like 
tiny cysts on the surface of the ovaries (polycystic) and hair symptoms ie: hirsut-
ism due to underproduction of estrogen and overproduction of androgens (tes-
tosterone, dehydroepiandrosterone and androstenedione) by the ovaries and skin 
symptoms i.e.: acanthosis nigra due to insulin resistance and hyperinsulinemia 
[4] [11] [12] [13]. 

 
Table 2. Presenting features PCOS. 

General and cosmetic 
features 

• Young woman 

• Central obesity 

• BMI > 30 kg 

• Central obesity/cm2 

• Waistline > 88 cm 

• Acanthosis nigra due to insulin resistance (Thick pigmented skin over 
the nape of the neck, inner thigh, and axilla) 

Reproductive features • Ovulatory and menstrual dysfunction (Oligomenorrhoea, amenorrhoea) 

• Infertility (20%) 

• Signs of hyperandrogenism, Hirsutism, acne 

• Complications in pregnancy (Miscarriage, gestational diabetes, 
pregnancy-induced hypertensive disorders) and neonatal complications 
and increased endometrial hyperplasia. 

Hormonal picture(5) • Increased E2 level 

• Decreased FSH increased LH > 10 IU/mL 

• Decreased FSH/LH ratio 

• Increased Androgens (Most androgens from the ovary) 

• Testosterone, epiandro-stenedione, dehydroepiandrosterone increased 

• 17-a-hydroxyprogesterone > 300 ng/dL 

• Testosterone > 2 ng/mL 

• Prolactin increased 

• Sex hormone binding globulin (SHBG) decreased 

• Decreased E2/oestrone (E1) ratio (or increased E1/E2 ratio) 

• F. glucose/insulin ratio < 4.5 

• Increased fasting insulin > 10 mIU/L 
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5. Treatment to the PCOS Patients Specially  
Who Desires Pregnancy 

Pre-Conceptional counseling and guidelines play an initial major role in infertil-
ity treatment. The choice of the most appropriate treatment depends on the pa-
tient’s age, other factors associated with infertility such as tubal patency, quality, 
and quantity of sperm of the husband, etc, experience and duration of previous 
treatments and the level of anxiety of the couple. The efficacy of the treatment of 
infertile women with PCOS to be optimum, tubal patency evaluation (by hyste-
rosalpingography or laparoscopy with chromotubation) and semen analysis are 
mandatory to decide the suitable treatment. So treatment modalities have two 
measures-non-pharmacological and the pharmacological [5]. 

5.1. Non-Pharmacological Measures 

5.1.1. Assurance to the Couple 
The infertile couple remains psychologically disturbed right from the beginning 
more so as the investigation goes on, so the couple in such case should be tact-
fully handled to minimize psychological upset. 

5.1.2. Weight Reduction 
Weight reduction is considered as the fundamental treatment for infertility in 
obese women with PCOS [44] [45]. So lifestyle alteration in diet and exercise 
with optimizing the body mass index (BMI) below 25 antagonist menstrual dis-
orders, infertility, insulin resistance, and hyperandrogenemia. A 5% to 10% loss in 
body weight over a period of six months regardless of BMI may be associated with 
improvement in central obesity, hyperandrogenism and ovulation rate [4]. Other 
preconceptional counseling like administering folic acid to reduce the risk of fetal 
neural tube defects, encouragement of physical activity and avoidance of other 
risk factors, such as tobacco use and alcohol consumption, should be performed. 

5.1.3. Counseling of Pregnancy-Related Complications  
in Women with PCOS 

As illustrated in Table 3, it has been discovered that the risk of congenital ano-
malies (such as heart defects and neural tube defects), gestational diabetes mel-
litus, hypertensive disorders during pregnancy mainly pre-eclampsia, miscar-
riages, preterm births, the need for intensive unit care, increased perinatal mor-
tality and cesarean delivery is more in obese women with PCOS than the normal 
women [46] [47]. There is a close relationship between maternal hyperandro-
genism and the risk for preterm births and preeclampsia [48]. 

So for the improvement of reproductive and metabolic functions, reduction in 
the body weight may lower the risk of pregnancy-related complications and the 
neonatal complications after delivery. In this context, lifestyle change should be 
the first choice for weight loss rather than the use of medications and bariatric 
surgery to reduce weight which may be associated with unwanted complications 
[49]. 
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Table 3. Sequela of PCOS. There are numerous complications associated 
with PCOS and the sequelae of PCOS not limited to one system of the body. 

Metabolic • Type II diabetes (15%) 
• CVS disorder 
• Lipidaemia 
• Metabolic X syndrome 
• Hypertension 

Reproductive • Endometrial cancer 
• Breast cancer 
• Premature ovarian failure following surgery 

Psychological problems • Reduced quality of life 
• Poor self-esteem 
• Depression 
• Anxiety 
• Negative body image [25] [26] 

Others • Sleep apnea syndrome 
• Non-alcoholic steatohepatitis 

5.2. Pharmacological Measures 

5.2.1. Clomiphene Citrate 
Chronic anovulation is the common cause of infertility in the patient with 
PCOS, so induction of ovulation with clomiphene citrate remains the first-line 
treatment [50] [51]. This drug belongs to estrogen receptor modulator (it is an-
ti-estrogenic as well as weakly estrogenic) and its mechanism of action as the 
antagonist is controversial in humans. It blocks the estrogen receptors in the hy-
pothalamus preventing the negative feedback of endogenous estrogen which re-
sults in increased GnRH pulse amplitude causing increased endogenous gonado-
tropin secretion from the pituitary and the dominant follicle is recruited (follicle 
that has the highest number of follicle-stimulating hormone (FSH) receptors) be-
tween the sixth and ninth day of the menstrual cycle [52]. Ovaries get enlarged 
with the hormonal influences as result ovulation occurs. The anti-estrogenic ef-
fects of clomiphene are seen on the endometrium and on cervical mucus. 

5.2.2. Gonadotropins 
Gonadotrophin is considered as the second-line treatment for induction of ovu-
lation. [5] The use of gonadotropins [recombinant follicle-stimulating hormone 
(FSHr) or human menopausal gonadotropin (HMG)] for the induction of ovula-
tion can be followed by two methods of conception as by timed intercourse or 
intrauterine insemination (IUI) [50]. The prerequisites to initiate gonadotropin 
therapy is ovarian reserve must be present and it is always wise to evaluate tubal 
patency before initiating gonadotropin to stimulate ovaries if the patient has not 
been evaluated previously on clomiphene treatment. If the fallopian tube is 
found to be patent and ready for in vivo fertilization, low doses of gonadotropin 
can be used to prevent from the complications like ovarian hyperstimulation 
syndrome and multiple gestations due to higher doses [53]. Intrauterine inse-
mination (IUI) has a higher opportunity of successful pregnancy rates than 
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timed intercourse patients with the use of gonadotropins [54]. There is a little 
modification on treatment approach on IUI as the recombinant hCG is admi-
nistered for final oocyte maturation when the dominant follicle has a mean di-
ameter of 17 to 18 mm via ultra-sound examination and capacitated sperm can 
be injected into the uterine cavity 36 hours later which is not used in timed in-
tercourse. But the same lower dose of gonadotropins is used as in timed inter-
course. After 14 days, the level of beta hCG is checked to confirm the pregnancy. 

5.3. Laparoscopic Ovarian Drilling (LOD) Surgery 

LOD is done for cases found resistant to medical therapy and who require lapa-
roscopy for another reason (pelvic pain, adnexal mass, etc). Ovarian surface 
cysts are punctured up to depth 2 - 4 mm. The cysts are vaporized using mono-
polar cutting current. 5 - 8 punctures are made in each ovary because a larger 
number may favor the development of premature ovarian failure [55]. The ova-
rian drilling in the treatment of infertility in women with PCOS results de-
creased secretion of androgens and consequent reduction of peripheral aromati-
zation of those androgens into estrone which favors the follicular growth creat-
ing estrogenic follicular microenvironment [56]. Pregnancy rates following ova-
rian diathermy are higher. 

Clomiphene treatment should be restarted again if the patient does not regain 
normal ovulatory cycles after three months of ovarian drilling and the use of 
gonadotropins should be considered after 6 months of anovulatory cycles fol-
lowing the ovarian drilling procedure. 

5.4. Third-Line Treatment: In Vitro Fertilization  
and Embryo Transfer 

In vitro fertilization represents the third-line treatment for infertility in women 
with PCOS. The IVF becomes the first option in the patient with diagnosed and 
established bilateral tubal occlusion and/or concentration of recovered motile 
sperm less than or equal to 5 million. The risk of OHSS is the main complication 
of the high complex treatment in women with PCOS. Thus, controlled ovarian 
stimulation with low doses of gonadotropins is begun once the pituitary down-
regulation is achieved with administering of gonadotropin-releasing hormone 
(GnRH) analog. Exogenous gonadotropins (uFSH, rFSH, HMG) are used for 
ovarian stimulation. The follicular growth response is monitored by sonographic 
measurement of follicles, cervical mucus study, serum estradiol estimation 
commencing on the 8th day of the treatment cycle. When two or more follicles 
are of 17 - 18 mm in diameter and level of serum Estradiol is optimum, hCG or 
recombinant hCG is administered to induce oocyte maturation then the oocytes 
are retrieved aseptically through vaginal route under ultrasonic guidance 36 
hours after the hCG is given. Approximately 50,000 - 10,000 capacitated sperms 
are placed into the culture media containing the oocyte within 4 - 6 hours of re-
trieval. The egg may demonstrate the signs of fertilization (presence of two 
pro-nuclei in the presence of 2nd polar body) when examined 16 - 18 hours after 
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insemination. Only 2 - 3 fertilized ova (to prevent from multiple gestations) can 
be placed into uterine cavity close to fundus about 3 days after fertilization 
through a fine flexible soft catheter transcervically. Excess oocytes and embryos 
can be cryopreserved for future use. The luteal phase support to the embryo is 
maintained by progesterone supplement. 

5.5. Other Adjuvant Therapy 

Treatment with metformin (insulin sensitizer) improves the metabolic syndrome 
by reducing all the parameters: weight, BMI (hyperinsulinemia and hyperandro-
genism), BP and lipid abnormalities. Women with PCOS and hyperinsulinemia 
with BMI > 25 ovulate satisfactorily when clomiphene is combined with met-
formin. Although metformin is associated with better clinical pregnancy rates 
there is no evidence of better live birth rates when this drug is used alone or in 
combination with CC [57]. From a reproduction standpoint, there is also no 
benefit for its use in short (less than four weeks) or long (more than four weeks) 
periods prior to starting CC treatment in women with PCOS. Therefore, the use 
of metformin should be restricted to the treatment of glucose intolerance or type 
II diabetes in women with PCOS and should not be used to induce ovulation. 

The effectiveness of aromatase inhibitors in the treatment of PCOS remains 
controversial. Although aromatase inhibitors have been used in women with 
PCOS as an alternative method to avoid the anti-estrogenic effect of CC on the 
endometrium, these compounds are not typically used in clinical practice to 
treat infertility in these patients. Their mechanism of action is based on reducing 
the peripheral conversion of androgens to estrogens in ovarian granulosa cells by 
blocking aromatase. Consequently, a decrease in estrogen serum levels and in its 
negative feedback in the hypothalamus and pituitary gland is noted, resulting in 
increased endogenous gonadotropin release [58]. Aromatase inhibitors are 
promising, and long-term studies are necessary to prove their safety. 

6. Conclusion 

PCOS becomes the more prevalent disorder among women of reproductive age 
with complications that persist lifelong. It has perplexing characteristics such as 
irregular or no menstrual periods, heavy periods, excess body and facial hair, 
acne, pelvic pain, difficulty getting pregnant, and patches of thick, darker, velve-
ty skin etc. Infertility is the devastating complication of PCOS and it is asso-
ciated with alteration of the hormones. Current treatment modalities are not able 
to address all aspects of PCOS. Further research is needed in genetics, pathophysi-
ology and treatment modalities of the syndrome which could help to minimize re-
productive complications especially infertility and other metabolic issues. 
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Abstract 

Kawasaki Disease (KD) is a self-limiting systemic vasculitis common among 
children under five years of age. Diagnosis of the disease is made primarily 
from the clinical features presented during the illness. Coronary artery aneu-
rysm (CAA) is the main complication of this disease which can be prevented 
largely by the early diagnosis and administration of IVIG (Intravenous Im-
munoglobulin). Even with first dose of IVIG up to 10% - 20% of patients de-
velop refractory Kawasaki Disease, i.e., remain unresponsive to initial IVIG 
treatment. Second dose of IVIG is recommended treatment for refractory 
Kawasaki Disease but other alternative treatments are also being considered 
to lower the risk of complications. Different drugs are still in trial phase and 
some others have limited studies on larger population. Most of the study re-
ports that involved newer drugs have limited patients or are from single cen-
ters which are very hard to apply to larger population. We will review general 
treatment approach in refractory Kawasaki disease. 
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1. Introduction 

Kawasaki disease is an acute, self-resolving systemic vasculitis [1], that is com-
monly seen in children under the age of five years. Before the term Kawasaki 
disease (KD), it was reported as syndrome of mucocutaneous lymph node with 
infantile polyarteritis nodosa which was common among younger Asian popula-
tion. Tomisaku Kawasaki first reported 50 cases at the end of 1966 and got them 
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published in Japanese Journal of Allergy in the year 1967 with the title “Acute 
febrile mucocutaneous lymph node syndrome: clinical observation of 50 cases” 
[2]. This disease primarily affects medium sized arteries which complicate into 
acquired childhood cardiac disease. Kawasaki disease has replaced acute rheu-
matic fever as leading cause of childhood acquired cardiac disease in Japan, the 
United States and in Europe [3]. 

1.1. Diagnosis 

Diagnosis of Kawasaki is based on recognition of temporal features of clinical 
features presented during the illness. Diagnostic criteria [4] of Kawasaki consist 
of fever lasting for at least five days along with any four among these 5 clinical 
features, 1) Bilateral bulbar conjunctival injection; 2) Oral mucous membrane 
changes, including injected or fissured lips, injected pharynx, or strawberry 
tongue; 3) Peripheral extremity changes, including erythema of palms or soles, 
edema of hands or feet (acute phase), and periungual desquamation (convales-
cent phase); 4) Polymorphous rash; and 5) Cervical lymphadenopathy (at least 1 
lymph node > 1.5 cm in diameter). Patient fulfilling these criteria are diagnosed 
with complete Kawasaki disease and those not fulfilling these criteria but having 
2 or 3 criteria and a strong clinical suspicion of KD [5] can further be evaluated 
with the help of laboratory and echocardiographic evaluation and if further cri-
teria fulfilled then those are diagnosed as incomplete Kawasaki disease. 

1.2. Etiology 

The etiology of KD remains unknown. Many theories have been proposed based 
on genetic, infectious and immune dysregulation. In Asian population several 
single nucleotide polymorphisms associated with susceptibility of KD, including 
FCGR2A, CASP3, HLA, BLK, ITPKC and CD40 [6]. In European population 
FCFR2A and ABCC4 have also been found to be susceptible to KD [7] [8]. Bac-
terial and viral infections like retrovirus, EPV, coronavirus, staphylococcal, 
streptococcal superantigens act like an infectious trigger of KD. These superan-
tigens act by binding to Vβ regions of the T receptor and induce a widespread 
immunologic response resulting in release of TNF-α, IL-1β, IL-6 and IL-γ and 
these are felt to be directly related to fever, mucosal changes and desquamation 
in KD [9]. KD is classically considered to be due to immune dysregulation. It has 
been proposed that KD is similar to autoimmune disease in pathogenesis. T cells 
have been implicated in the inflammatory cascade in KD, with an emphasis on 
negative regulator of T cell activation. Loss of this regulator causes an increase in 
T cell activation and cytokine production and is hypothesized to have increased 
risk of coronary artery lesions [10]. 

1.3. Epidemiology 

Incidence of Kawasaki disease is high in east Asian countries but reported all 
around the world. Fewer cases have been reported from Africa [11] and Latin 
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America [12]. Japan has the highest incidence of KD. Incidence rate was 322.45 
patients per 100,000 children aged 0 - 4 years [13]. Incidence in South Korea was 
194.9 per 100,000 children under five years of age in the year 2012 [14]. Taiwan 
reported to have average incidence of KD from 1997 to 2011 be 45.2 per 100,000 
children under 5 years [15]. Incidence of KD in China was 40.9 to 55.1 per 
100,000 children under five years which was based on study conducted from 
2000-2004 in Beijing [16]. Hong Kong showed incidence of 39 per 100,000 
children under 5 years [17] from 1994-2000. Recent study [18] that included pa-
tients admitted with the diagnosis of KD from 2000 to 2011 showed annual in-
cidence of 74 children per 100,000 children under five years. In the United States 
it was 20.8 per 100,000 children under five years in 2006 [19]. Europe has annual 
incidence of 8.39 per 100,000 children under five years. Ireland has the highest 
incidence of KD in Europe 15.2 per 100,000 children under five years of age [20]. 
In western Australia a study [21] showed annual incidence of 2.82 per 100,000 
children under five years in 1980-1989, 7.76 in 1990-1999 and 9.34 in 2000-2009. 
In New Zealand, a study [22] from January 2001 to December 2002 found an-
nual incidence rate of 8/100,000 cases in children under five years. 

1.4. Complications 

The most serious complications of KD are cardiovascular complications. It may 
cause coronary artery aneurysm (CAA) and myocardial abnormalities. It affects 
medium size blood vessels, so coronary arteries are one of the most affected ar-
teries. Dilatation of coronary arteries > 4 mm is considered dilation and when it 
is more than 8 mm it is called giant CA aneurysm. Other cardiac problems like 
decreased myocardial contractility, valvular regurgitation (mild) and pericardial 
effusion can also occur. CAA classification is done according to the Z-scoring sys-
tem of the internal diameter of the lumen. CAA occurs in 25% - 30% untreated 
patients [23]. Even with appropriate treatment there is up to 5% chances of CAA 
and CAA larger than 6 mm has strong relation with the myocardial ischemia [24]. 

1.5. Initial Treatment 

Recommended initial therapy for KD is Intravenous Immunoglobulin (IVIG) 2 
g/kg and aspirin (Acetylsalicylic acid or ASA) 30 to 50 mg/kg/day (In Japan) – 80 - 
100/mg/kg/day in four divided doses. IVIG is given over 8 - 12 hours in a single in-
fusion and has better outcome if given in 7 - 10 days of illness. Same dose of IVIG 
and aspirin is given to complete and incomplete Kawasaki disease. This treatment is 
known to drop the occurrences of CAAs from 20% - 25% to 3% - 5% [25]. 

2. Refractory Kawasaki Disease 

Those patients who do not respond with initial treatment are considered to be a 
refractory KD. Initial IVIG resistant is seen in around 10% - 20% of total KD pa-
tients whom IVIG is administered [5]. Patients having recrudescent fever or per-
sistent fever 36 hours after the end of IVIG administration are considered to be 
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resistant to IVIG. Other causes of fever should also be considered and tho-
roughly evaluated. IVIG resistant patients have high chances of having coronary 
artery aneurysms. Treatment algorithm from AHA has suggested use of gluco-
corticoids (prednisolone 2 mg/kg/day IV or orally in three divided doses for 10 
days, then 1 mg/kg/day for 5 days) for patients having high risk for IVIG resis-
tance during initial treatment along with IVIG and aspirin. Risk stratification is 
different for Japanese and non-Japanese population. Clear causes of IVIG resis-
tant are still unknown but some risk scoring systems have been developed to 
predict the occurrences of IVIG resistant. Scoring system like Egami, Kobayashi, 
Sano, San Diego, Harada and Formosa are being used to predict the occurrences 
of IVIG resistance. Egami, Sano and Kobayashi are more common scoring sys-
tems have sensitivity of 78%, 86% and 77% in Japanese population [26] but has 
lower sensitivity in other population. These scoring systems use different lab va-
riables, age, duration of fever and initiation of treatment as risk factors for their 
point system. Patient may benefit from adjuvant therapy when considered high 
risk for IVIG resistant. 

3. Treatment after Resistant to Initial IVIG Treatment 

10% - 20% fail to respond to initial IVIG treatment. Presence of persistent fever 
is an indication for further treatment. Other causes of fever should also be 
looked for. Second dose of IVIG 2 g/kg is recommended if fever persists after 36 
hours of end of first IVIG infusion. Patient again evaluated after 36 hours after 
end of infusion and if there is persistent fever then it is considered to be resistant 
to treatment with IVIG. Some clinician has used other agents like infliximab in-
stead of IVIG for retreatment that showed lower days of hospitalization but data 
demonstrating beneficial effects on CAs were minimal [27]. 

4. Treatment Options after Failed Second IVIG Infusion 

IVIG infusion more than 4 g/kg is not recommended in children due to risk of 
causing hemolytic anemia in children. Furthermore, other treatment options 
should be looked for ongoing vasculitis within the body to minimize the com-
plications. Aspirin, IVIG and glucocorticoids are commonly used agents for KD 
but when there is failure with second dose of IVIG other drugs like tissue necro-
sis factor-alpha inhibitors, immunosuppressive agents and plasmapheresis can 
be considered. Figure 1 illustrates the available and optional treatment for Ka-
wasaki Disease and IVIG resistant Kawasaki Disease. Though new drugs have 
shown safe and effective results in small studies but their therapeutic utility re-
mains unproven [28]. Table 1 shows treatment options for Refractory Kawasaki 
Disease that are currently available. 

4.1. Glucocorticoid Therapy 

Glucocorticoid therapy can be given along with first IVIG infusion in a high risk 
patient. Furthermore, it can also be given after initial IVIG resistant as an alternative 
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Figure 1. Treatment options for Kawasaki Disease and Refractory (IVIG resistant) Ka-
wasaki Disease. 

 
treatment or along with second IVIG treatment. Methylprednisolone 30 mg/kg 
per day for up to 3 days after failed second dose of IVIG acts as a good alternate 
agent. Alternately use of prednisone/prednisone IV/oral starting with 1 - 2 
mg/kg/day can also be given. Prednisolone dose should be given at least to 15 
days. In a study [29] conducted in Japan on 63 patients who didn’t respond to 
initial IVIG treatment, 44 patients those not responding with first dose of IVIG 
were treated with methylprednisolone (30 mg/kg per day for 3 days) and 19 re-
maining treated with second dose of IVIG. Among 44 patients those treated with 
methylprednisolone 34 had resolutions of fever. In other group with second dose 
of IVIG group 12 patients out of 19 patients had resolution of fever. All patients 
who had not responded with methylprednisolone or second IVIG infusion were 
again given another course of methylprednisolone. All together 8 patients had 
CAAs. 5 out of 10 who failed to respond to methylprednisolone and 2 out of 7 
who failed to respond to second dose of IVIG developed CAAs. 

4.2. Tumor Necrosis Factor (TNF)—Alpha Inhibition 

Elevations of tissue necrosis factors are characteristic feature of KD, so an-
ti-TNF-α agents such as infliximab and etanercept have been studied in the 
treatment of KD. These agents can rapidly normalize laboratory markers of 
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Table 1. Currently available treatment options for Refractory Kawasaki Disease. 

Drugs Dose Remarks Reference 

1. IVIG 2 g/kg 8 - 10 hours, single infusion Recommended treatment in IVIG resistant KD. [5] 

2. IVIG + Corticosteroid Methylprednisolone 30 mg/kg per 
day for up to 3 days or prednisolone 
1 - 2 mg/kg/day for at least 15 days 

Commonly used alternative treatment. [5] 

3. Anti (TNF) - alpha agent    

- Infliximab 5 mg/kg IV 2 hours Progression of CAAs was similar in both groups. These 
agents can rapidly normalize laboratory markers of 
inflammation. 

[30] 

- IVIG + Infliximab IVIG + Infliximab 5 mg/kg IV 

- Etanercept 0.8 mg/kg 3 doses Still in research phase for IVIG resistant. Trial of etanercept 
as adjuvant with IVIG in initial therapy showed no decrease 
in IVIG resistant. 

[31] 

4. Interleukin-1 (IL-1) Inhibition    

- anakinra 
- canakinumab 

2 - 6 mg/kg/day by s/c injection 
- 

Are in trial phase. Initial reports suggesting these drugs 
are safe to children but data regarding their efficacy is still 
not available. 

[32] [33] 

5. Plasmapheresis  
Plasma exchange 

Complex and suggested to use in children with all other 
failed pharmacologic treatment. Showed benefit in some 
small sized studies. Not applicable. 

[34] [35] 
[36] 

6. Other Immunosuppressive Agents    

- cyclophosphamide 
- cyclosporine 
- Tocilizumab 

- 
- 
- 

Studies been carried out in a very limited numbers of 
patients and centers. Studies are still going on these drugs 
but due to its toxicity these are not front lines drugs for 
refractory KD. 

[37] [38] 
[1] 

- Methotrexate [10 mg/body surface area (BSA)]  
till fever subside 

Showed improvement in reduction of symptoms but no 
in improvement or prevention of CAL 

[39] 

 
inflammation in IVIG-resistant cases of KD. In a randomized multicenter trial 
[30], initial IVIG resistant were given infliximab (5 mg/kg IV) or second dose of 
IVIG. Fever resolved in 11 out of 12 patients with infliximab group and 8 out of 
12 patients another group who were given second dose of IVIG. Progression of 
CAAs was similar in both groups. Etanercept is another anti-TNF-α agent which is 
under the study for the treatment of primary KD. Not many reports have been 
published regarding the use of etanercept in KD in IVIG resistant group. A 
double-blind multicenter trial, where patients were given etanercept (0.8 mg/kg; n 
= 100) or placebo (n = 101) subcutaneously immediately after IVIG infusion first 
dose. It was given as adjuvant therapy to initial IVIG treatment and overall IVIG 
resistant was 17.4% in both groups. Etanercept group had 13% resistant in com-
pare to 22% in placebo group. It concluded that there was no significant decrease 
in IVIG resistance in overall population. However, etanercept reduced IVIG resis-
tance in patients > 1 year of age and also marginally improvement in AAs [31]. 

4.3. Interleukin-1 (IL-1) Inhibition 

IL-1 elevation has been reported in Kawasaki disease that may be linked to co-
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ronary and myocardial complications. IL -1 inhibitors like anakinra and canki-
numab are in trial for treating refractory KD. Initial reports suggesting these 
drugs are safe to children but data regarding their efficacy is still not available 
[32]. In a study conducted by Dusser P et al. [33] IL-1 blockade treatment such 
as anakinra showed successful improvement in myocarditis and aneurysm that 
was formed in a mouse model of KD. 

4.4. Plasmapheresis 

Plasmapheresis is effective in acute inflammatory conditions. Kawasaki disease is 
an acute inflammatory disease so plasmapheresis is ideal condition for this in-
tervention. Kawasaki itself is self-limiting disease and plasmaphereses being very 
complex and hazardous conditions [34], it is suggested to use it in those children 
who have undergone all the other pharmacologic treatment and still having ac-
tive vasculitis. In a study [35] which included 10 patients from 2006-2015 with 
failed IVIG and complicated by coronary artery lesions were treated with plasma 
exchange. 6 out of 10 patients had their coronary artery lesions at normal level 
after one of treatment. No stenosis in 9 out of 10 patients. Another study in-
volving 4 patients also concluded plasma exchange be effective for refractory 
Kawasaki disease [36]. 

5. Summary and Prospective 

Since first coining the name “Kawasaki Disease” by Tomisaku Kawasaki 52 years 
back it has now become one of the important rheumatological vasculitis diseases 
to be considered on pediatric patients mainly under five years of age. With the 
growing knowledge and awareness of the disease more numbers of patients have 
been diagnosed and reported. This disease is mainly affecting the children of east 
Asian countries like Japan, South Korea, and China but is seen all over the 
world. Less patient numbers were reported from Latin America and Africa but 
with growing awareness number of patients may increase in the future. Chances 
of misdiagnosing are high in developing countries due to its similarities with 
other infectious diseases like measles and rubella. Early IVIG is highly effective 
in preventing its coronary complication so proper diagnosis is very important. 
Global awareness is necessary for Kawasaki Disease to prevent its coronary 
complications mainly in the countries where there are fewer incidences which 
may be due to low awareness towards disease. 

Initial IVIG is a standard treatment method for the KD but around 10% - 20% 
patients fail to respond and develop refractory Kawasaki disease. Patient can also 
be evaluated for risk factors before the initiation of first IVIG to lower the risk of 
resistance and continued follow-up. Treatment algorithm has also suggested us-
ing adjuvant glucocorticoids in those patients having high chances of IVIG re-
sistant. Patients those are resistant to initial dose of IVIG are recommended to 
have second dose of IVIG. Alternately, methylprednisolone, prednisolone and 
infliximab have also been used instead of second dose of IVIG and have shown 
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good outcomes on responding fever but have not shown more beneficial effects 
on CAAs. These drugs can also be used after the failure of second IVIG infusion. 
Furthermore, immunosuppressive, plasmapheresis are also alternatives but due 
to their limited studies and more toxicity and hazardous procedures, they should 
be limited to those refractory cases that were first treated with recommended 
pharmacologic agents. 
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Abstract 
Herpes simplex virus (HSV) infection in the human body can be latent in 
neurons for long time and be reactivated leading to recurrence at high rate. 
Currently there is no effective clinical strategy for the prevention and treat-
ment of the disease relapse. HSV LAT gene is expressed in large quantities 
and lytic genes are turned off leading to HSV latency. Disruption of the gene 
expression is thought to cause HSV reactivation and disease relapse. To reveal 
the essence of HSV latency and reactivation, we summarized and innovatively 
classified the role, mechanism and transcriptional regulation of LAT in HSV 
latency and reactivation. This review may have important implications for 
future studies on HSV latency and reactivation, HSV disease prevention and 
treatment, and safer and more effective oncolytic HSVs (oHSVs).  
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1. Introduction 

Herpes simplex virus (HSV) can be latent in trigeminal neurons in the host for 
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several years or establishes a lifelong latent infection [1] [2] [3]. HSV causes a 
variety of human diseases [4], including infectious corneal blindness [5], ga-
strointestinal disorders, esophageal disorders and genital herpes infections dur-
ing both primary and recurrent infections [6] [7] [8]. During primary infection, 
HSV-1 causes diseases that range from asymptomatic infections and cold sores, 
to blinding stromal keratitis and lethal encephalitis. Whereas HSV-2 infection 
usually leads to genital herpes [9] [10]. After a primary infection, HSV can be 
latent in the ganglia. Latent HSV can become reactivated causing disease relapse 
by evading host immunity, such as macrophages natural killer cells and interfe-
ron [11]. HSV can also spread between cells without reaching the extracellular 
environment. HSV is cleared by three types of immune responses in the host 
body: Specific cytotoxic T cells, specific delayed hypersensitivity, and antibodies. 
When the HSV specific antibodies reach the appropriate level, they can prevent 
HSV invasion of the nervous system. HSV latency makes it clinically impossible 
to treat HSV diseases. 

It’s known that latency associated transcript (LAT) is the only viral gene with 
high-level expression during HSV latency-reactivation cycle [12]. The LAT plays 
an important role in promoting latent infection by promoting cell survival, inhi-
biting apoptosis or other mechanisms of cell death [13] [14], repressing lytic 
gene expression [15] [16], and facilitating heterochromatin accumulation of the 
viral genome [17] [18]. It is controversial whether LAT can be successfully 
translated into proteins. One study showed that LAT gene did not encode any 
functional protein [19]. However, the LAT region contains numerous open 
reading frames (ORFs). Some researchers believed that LAT, or regions in the 
LAT gene, coded for proteins [20] [21] [22]. It was also suggested that the pro-
teins encoded by HSV LAT in the ORFs were probably transient and difficult to 
detect. LAT-encoded proteins have not been experimentally detected [23]. At 
present, the hypothesis that LAT can encode proteins is still in the stage of expe-
rimental exploration, which needs further verification. It is of special signific-
ance to clarify the relevant mechanism of latent infection and recurrence of this 
virus to effectively prevent and treatment of HSV infection and recurrence [24].  

In addition, tumors consist mainly of transformed cells, such as tumor stem 
cells [25] [26] [27] [28]. Recently, HSV has been successfully used to treat tu-
mors as oncolytic HSV (oHSV) [29] [30] [31] [32]. oHSVs replicate preferen-
tially in tumor cells but not in normal cells [33]. Research showed that the 
molecules, such as herpes virus entry mediator (HVEM) and three of its li-
gands (BTLA, CD160, and LIGHT), were up-regulated due to the presence of 
LAT in trigeminal ganglion (TG) of latently infected LTα -/- mice [34]. LTα 
induces apoptosis [35] while LAT has antiapoptotic function [36]. However, the 
mechanism of LAT against apoptosis is still not fully understood. LAT 
down-regulates the activation of apoptotic caspases 3, 8 and 9 [19]. In vitro, the 
cleavage of caspase 8 and 9 was inhibited in wild type HSV infected nerve 2A 
cells, while LAT deletion mutant viruses did not [37], indicating that the func-
tion of LAT was achieved by inhibiting the activation of pro-apoptotic caspases. 
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The presence of LAT is a marker of HSV latency and its expression is essential 
for the establishment, maintenance and reactivation of HSV latency in neurons 
[24] [38]. Thus, deletion of LAT can reduce latency and reactivation of HSV in-
fection to construct safe oHSV [39]. Recent studies have shown that deletion of 
the LAT gene from the HSV genome can significantly improve the efficacy and 
safety of oHSV [40] [41]. 

This review highlighted the hypothesis, evidence and the mechanisms of LAT 
related HSV latent infection and recurrence, and the multiple functions of LAT 
were analyzed at the levels of transcription and translation. Our review of the 
latest research progress of LAT will provide new insights for the further under-
standing of HSV infection and therapy, and future construction of better oHSVs. 

2. LAT in HSV Latency 
2.1. Current Theory of LAT Mediated HSV Latency 

HSV enters the cell through a fusion between the viral envelope and the cell 
membrane. Once inside the cytoplasm, the capsid is dissociated and transported 
to nuclear pores via tubule-related motional proteins, where the viral genome is 
released into the nucleus in a circular configuration [42]. It then begins to ex-
press immediate early (IE) genes (coding for regulatory proteins), early gene ex-
pression (especially proteins coding for DNA replication devices), and late gene 
expression after DNA synthesis begins [42]. It is not yet clear exactly how the 
HSV latent state is established and reactivated. Here we summarized several 
latency and reactivation mechanisms to provide new ideas for future research 
(Table 1). 

Latency is a state of virus infection, in which through interaction with the host 
cell viruses limit their own gene expression, keep their genome into a silent state, 
but remain in the host neuron cell [43]. HSV particles are retrograde to the 
neuronal cell body, releasing viral DNA into the nucleus. When LAT is ex-
pressed the HSV genome binds to nucleosomes (specifically nucleosome his-
tones H3K27me3 and H3K9me3/2) to form tight chromatin and silence the lytic 
genes, promoting HSV latency [18]. 

Under latent conditions, LAT and several miRNAs remain highly expressed, 
silencing the lytic gene expression, especially immediate early (IE) gene expres-
sion, to inhibit virus replication and promoting the survival of infected neurons 
[44] [45], thus effectively promoting the establishment of HSV latency [46]. 
Therefore, the viral genome is in a non-replicating state in sensory neurons [47]. 
During latency HSV is not detected at the original site of infection [48]. ICP0 
protein can promote LAT transcription and silence viral lytic gene expression by 
histone modification and heterochromatin formation [49]. ICP0 may be a target 
for antiviral drugs against latent infection. HSV-1-KOS/M with basic LAT pro-
moter or LAT gene 5' end deletion became latent in about 30% of neurons [50]. 
HSV-1-KOS/M with LAT deletion became latent in about 10% of neurons. It has 
been suggested that the 2.3 kb region of LAT is the primary latency determinant. 
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Table 1. HSV latency and reactivation mechanisms mediated by LAT. 

Latency mechanism Latency establishment Reactivation HSV strain and ref. 

Chromatin modification 
leads to lytic gene 

silencing and expression 
of LATs and miRNA. 

HSV infection at the 
distal axon, retrograde 
to neuronal nucleus. 

LAT induces 
efficient 

reactivation. 

HSV-1-KOS/62/17/ 
McKrae [44] 

In sensory neurons, 
HSV genome remains 

nonreplicative and viral 
genes are silenced 

except LAT. 

LAT deletion analysis 
indicated that LAT 

enhances the 
latency establishment. 

Fever, stress, 
and UV 

irradiation 
or abrasion. 

HSV-1-17/F [51] 

LAT is able to play an 
indispensable role in the 

establishment of incubation 
period via reducing 

mRNA levels of IE gene. 

LAT inhibits viral 
replication in 

nerve cells 

LAT enables HSV 
reactivation. 

HSV-1-F/KOS [46] 

HSV virions are 
transported to the cell 

body within the 
TG to suppress 

effectively lytic genes. 

When the virus cleavage 
gene is suppressed, the 
HSV genome enters a 

nucleosomal associated 
latent state without 
DNA replication in 
the sensory ganglia. 

A stress stimulus. HSV-1-17/KOS [48] 

ICP0 promoted histones 
and heterochromatin 

modifications to silence 
lytic gene expression. 

ICP0 promoted 
the establishment 

of latency. 

ICP0 accelerates 
the expression 

of LAT and lytic 
genes in latent 

infected ganglia. 

HSV-1-KOS [49] 

2.2. Other Mechanisms Reported in LAT Mediated HSV Latency 

At present, the understanding of the process of latent establishment and main-
tenance of HSV is constantly updated. There are many latent hypotheses are put 
forward, here we summarize the LAT related latency hypotheses into the fol-
lowing four categories for subsequent experimental studies. 

1) Repression of ICP0 by the antisense RNA of LAT. Garber [16] et al. found 
that the gene sequence of LAT overlapped the virus immediate-early gene (IE 
gene) ICP0 in the antisense direction. Therefore, the LAT with high expression 
formed a hybrid with the mRNA of ICP0 through the antisense mechanism, 
preventing its modification, transport and translation, and thus blocking the 
generation of ICP0 protein. Since ICP0 is essential for regulating HSV genome 
replication, inhibition of ICP0 expression shifts the virus from productive to la-
tent infection. 

2) The anti-apoptosis effect of 1.5 kb LAT. Perng et al. [52], found in an ani-
mal model of rabbit, the expression of the 1.5 kb LAT only of HSV mutant 
strains showed the same capacity of latency and reactivation to the wide type 
HSV. LAT played a role in the process of HSV latency and reactivation was the 
initial 1.5 kb LAT of primary transcript, and the 1.5 kb LAT gene sequence had 
no genetic overlap with the IE gene, which suggested that LAT played a role by 
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other mechanisms, rather than by antisense mechanisms. Perng [36] et al. then 
showed that LAT has an anti-apoptotic effect by using in vitro experiments to 
construct plasmids expressing LAT that blocked the Fas antibody induced 
apoptosis. 

3) Repression of ICP4 by the antisense RNA of LAT and anti-apoptosis 
miRNA-LAT. Chen et al. [53] found that the expression of LAT and ICP4 had a 
reverse relationship, and LAT down-regulated the expression of HSV lytic gene 
by inhibiting ICP4 through antisense, so as to promote the establishment and 
maintenance of HSV latent infection. LAT also has the function of anti-neuronal 
apoptosis. It encodes miRNA-LAT that mediated virus anti-apoptosis effect, 
thus preventing HSV from being cleared due to host apoptosis [54]. Carpenter et 
al. [55] also proved that the anti-apoptosis effect of LAT gene was conducive to 
the reactivation of latent virus.  

4) The HSV miRNAs-ICP0/4-T cells. After entering the cytoplasm, HSV ra-
pidly dissolves the capsid and then enters the nucleus via the nuclear pore. At 
this point, the virus begins to express IE genes, particularly those encoding the 
viral replication ICP0 and ICP4 [42]. Recently, it has been shown that miRNAs 
encoded by HSV-1 itself have regulatory capacities for viral genes and might 
control the virus latency state [56]. Two of these miRNAs were shown to reduce 
expression of ICP0 and ICP4 in vitro [57], leading to viral DNA replication sup-
pression and HSV latency. In addition, the viral miRNAs targeted viral antigen 
(for example ICP4) expression reduction may cause HSV immune escape from 
infiltrating T cells, leading to HSV latency by a noncytolytic mechanism [58]. 

The understanding of HSV latency mechanism has been in dispute. Although 
many hypotheses have been put forward, none of them can fully explain HSV 
latency mechanism. Perhaps HSV latency is the result of multiple mechanisms 
and needs to be analyzed further. 

3. LAT in HSV Reactivation 
3.1. Current Theory of LAT Mediated HSV Reactivation 

In natural HSV human infection, factors such as ultraviolet radiation, emotional 
stress, fever, tissue damage and immunosuppression can induce HSV reactiva-
tion. Experiments have showed that under certain conditions, such as fever, 
stress, and UV irradiation or abrasion, HSV-1 strain 17/F is reactivated [51]. 
Many inducing factors are related to the process of stress, so scholars have been 
looking for the link between stress and reactivation. Some believe that LAT has 
no direct role in virus reactivation [14], however, others suggest that LAT plays 
an irreplaceable role in activation [59]. Using LAT targeted ribozyme delivered 
to a HSV-1 infected eye of a rabbit, one study demonstrated that HSV-1 LAT 
promoted effective HSV reactivation from latency [9].  

LAT may promote HSV activation by inhibiting apoptosis [19]. To some ex-
tent, the survival of neuronal cells can be achieved [60] [61]. One research found 
that the anti-apoptotic activity of LAT is sufficient to reactivate HSV, since re-
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placing LAT with any of the three tested anti-apoptotic genes reactivated HSV to 
wild type levels [62]. Furthermore, LAT may regulate reactivation by affecting 
the immune response [8]. Liu et al. [63] found that interdicting CD8+ T cell 
function through monoclonal antibody could increase the in vitro reactivation 
rate of HSV in mouse ganglion, indicating that LAT may promote HSV reactiva-
tion by controlling infiltrating CD8+ T cells in latent infected ganglia. How LAT 
regulates the CD8+ T cell infiltration remains unclear. Mice infected with 
LAT-deficient HSV-2 [64] showed decrease of spontaneous reactivation rate, 
which was not related to the increase of CD8+ T cells [65]. With similar latent 
viral load, the reactivation rate of LAT-deficient HSV-2 was lower than that of 
LAT restored HSV-2 [50]. Therefore, LAT may promote HSV reactivation 
through anti-apoptosis, CD8+ T cells, or other mechanisms. 

3.2. Other Mechanisms Reported in LAT Mediated HSV  
Reactivation 

HSV LAT may be reactivated under certain stimulus conditions. Here we sum-
marize two other reactivation mechanisms. 

1) LAT mRNA was translated to a protein that promotes reactivation of latent 
HSV. Under the reactivation condition (Table 1), the viral protein produced by 
HSV-LAT was significantly reduced, which induced the survival of neurons and 
produced an efficient reactivation of HSV-1 strain KOS/62/17/McKrae [44]. 
However, Thomas [21] et al. found that a 30 kDa protein encoded by an open 
reading frame of 2 kb LAT exerted functions like ICP0 and promoted the growth 
of HSV. Their further study showed that the protein has a biological function 
and the regulation of the protein expression has important role in the latent in-
fection of HSV [22].  

2) The LATs may act at the initial stages of reactivation. One mechanism in 
neurons is to inhibit the reverse activation of the HSV-1 IE gene, which prevents 
the virus from successfully replicating in infected neurons with low replication 
rates [66] [67]. This hypothesis postulates that LATs are the only RNA expressed 
during the incubation period [68] [69] [70]，which may allow the viral replica-
tion cycle to bypass this inhibition during the initial phase of activation. Mean-
while, LAT can also promote the expression of the IE genes at certain condi-
tions, allowing reactivation of HSV-1 strain F/KOS [66]. Activation conditions 
under stress can lead to large amounts of transcription of the lytic genes, which 
can activate virus recurrence [48]. ICP0 has been shown to promote virus reac-
tivation in HSV-1 strain KOS [71]. 

4. Transcriptional Regulation of LAT 

The high level of LAT expression in host neurons enables HSV to effectively es-
tablish latency and reactivation. To understand how LAT may regulate the la-
tency and reactivation of HSV, here we classified the research progresses of LAT 
transcriptional regulation into four molecular pathways (Figure 1). 
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Figure 1. Four transcriptional regulation pathways of HSV LAT. 

 
1) The ICP0-JNK-AP1-LAT pathway. HSV’s gD envelope glycoprotein and its 

matching cell receptor, the HSV entry mediator (HVEM), a member of the 
TNFR superfamily whose cytoplasm area in combination with TRAFs [30]. The 
entry of HSV results in the synthesis of IE viral proteins involving ICP0. In turn, 
ICP0 catalyzes the K63-linked polyubiquitin chains with the help of Ubc13ev1A, 
which recognizes and interacts with the TAK1 [72]. Activated TAK1 then phos-
phorylates MKK6, leading to the activation of JNK kinase pathway [72]. JNK 
phosphorylated transcription factor AP-1. Phosphorylated AP-1 translocated 
into the nucleus to bind to the LAT transcription regulatory sequence, promotes 
transcription of LAT [49]. 

2) The VP16-LowICP0-LAT pathway. Multi-protein complex of VP16, Oct-1 
and HCF to initiate IE transcription. However, as a capsule protein, VP16 can-
not be successfully transported to ganglion nuclei with viral genomes because of 
certain physical losses. In absence of VP16, multi-protein complex (VP16, Oct-1 
and HCF) cannot be formed, thus reducing IE gene transcription [73] [74]. 
Therefore, the IE gene encoding the ICP0 protein would be reduced. Low levels 
of ICP0 can promote both LAT and lytic gene expression in latently infected 
ganglia as well as total histone and heterochromatin loading on the latent HSV 
genome [49]. In contrast, in latently infected neuron nuclei the low levels of 
ICP0 expression can promote the expression of LAT and the accumulation of 
H3K27me3/H3K9me3 heterochromatin to silence lytic gene expression [18] 
[75]. 

3) The CTRL-CTCF-LAT pathway. When HSV enters the cytoplasm and the 
capsid breaks away, the viral genome begins to express IE genes. The IE genes 
encode the protein ICP0. It is important to note that the ICP0 encoding region is 
flanked by two CTCF binding motifs, the CTRL1 and CTRL2 [1]. Binding of 
CTRL sites, the insulators or enhancers, by the CTCF protein activates LAT 
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promoter (LAP) transcription, making the virus latent. Recent works defining 
the CTCF-insulator’s role in lytic gene transcription repression of β and γ herpes 
viruses further support the possibility that CTCF-insulators also regulate α 
herpes virus latency through lytic gene repression [1]. 

4) The Sp1-Stat3-ATF3-CRE-LAT pathway. Sp1 protein is endogenously ab-
undant in SK-N-SH cells [76], can interact with a variety of GC rich promoter 
sequences, and can recruit STAT3, ATF3, and c-Jun complexes [76]. Normally, 
STAT3 is present in the cytoplasm of neurons, but in a certain state of stress, 
STAT3 quickly migrates to the nucleus [77], functions together with ATF3, re-
pressing neuronal cell death [78]. It has been agreed that ATF3, as a regulator of 
stress response, is an immediate-early response gene that plays a key role in de-
termining the fate of cells [79]. ATF3 can combine a cAMP response element 
(CRE) with the typical sequence of 5'-TGACGTCA-3' in the form of homodi-
mers or heterodimers with other members of the ATF/CREB family [80]. HSV-1 
DNA contains a total of eight CRE sites, but only two are in the promoter range, 
particularly in promoter 1 of LAT (LAP1) [81]. ATF3 binds to both CRE sites in 
LAP1, forms a homodimer, and fosters increased accumulation of LAT tran-
scripts [80] [82], and plays a critical role in the maintenance of HSV-1 latency. 

5. Conclusion 

HSV causes a number of diseases that are incurable due to HSV latency and 
reactivation and so far, no effective vaccine has been developed. Notably, re-
searchers are focused on understanding the mechanisms of HSV latency and 
reactivation, where LAT played an important role. We reviewed and innovative-
ly classified the role, mechanisms and transcriptional regulation of LAT in HSV 
latency and reactivation. We hope this review will have important implications 
for future studies on HSV latency and reactivation, HSV disease control and en-
gineering of safer and more effective oncolytic HSVs. 
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Abstract 
Objective: There are few studies about restlessness and awakening of child-
ren during recovering from anesthesia accompanied by parents. Only one re-
lated study was retrieved in China. The purpose of this study is to investigate 
the effect of awakening, agitation and pain level in children after tonsillecto-
my accompanied by their parents. Methods: Children who met the inclusion 
criteria were randomly divided into experimental group and control group 
according to coin tossing method. There were 30 cases in the experimental 
group and 32 in the control group. The control group received routine nurs-
ing while the experimental group was given parental presence on the basis of 
routine nursing. Steward awakening score, Pediatric anesthesia emergence 
delirium (PAED), Scale and FLACC pain assessment scale were used to eva-
luate the children when they entered anesthesia recovery room and awaked 
respectively. Results: There was no significant difference in the scoring of 
three scales between the two groups when they entered anesthesia recovery 
room (P > 0.05). There was significant difference in Steward awakening score 
and PAED scale between the two groups when they came to recovery room (P 
< 0.05), but there was no significant difference in FLACC pain score between 
the two groups (P > 0.05). Conclusion: Parental presence can improve the 
recovery effect and reduce the restlessness of children after operation. Our 
study suggests that anesthetic children should be accompanied by their par-
ents in the future. 
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1. Introduction 

Tonsillectomy is common in pediatric surgery [1] [2], general anesthesia is the 
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main method of anesthesia. The common adverse reactions after general anes-
thesia are agitation and pain, the incidence of restlessness is 10% - 80% [3], and 
the children and the elderly are most likely to take place, the incidence of res-
tlessness of children is 3 - 8 times higher than that of adults [4]. Restlessness is a 
state of separation of consciousness and behavior, although the duration of res-
tlessness is short and self-limited, it increases the risk of falling down from bed, 
unplanned extubation and delayed discharge, increases the workload of medical 
staff and the cost of hospitalization [5]. Some studies have reported that there is 
a certain correlation between post-operative pain and restlessness. They often 
occur at the same time, and the symptoms are similar and easily confused, which 
may cause delayed treatment of pain [6]. 

Children are a special group, the study of postoperative restlessness and pain 
of them has always been a research hotspot. Surveys have shown that more than 
80% of children in the anesthesia recovery room experienced significant pain 
[7], more than 28% of children still feel pain one week after surgery, and affect 
the growth and development of children and reduce their quality of life [8]. At 
present, the main ways to reduce postoperative restlessness and relieve post-
operative pain are drug and psychological intervention. But drug treatment can 
prolong the recovery time and increase the occurrence of adverse reactions after 
operation [9]. Li Lei [10] used preoperative games to reduce the incidence of 
postoperative agitation. Ruan Fengmei [11] made the children’s cooperation in-
creased and adverse reactions decreased by touching them. In Sun Qiaomei’s 
study [12], the use of voice playback after surgery reduced the adverse reactions 
of children after surgery. However, there are fewer studies about the company of 
parents. Therefore, this study mainly investigated the effect of awakening, agita-
tion and pain level in children after tonsillectomy accompanied by their parents, 
aiming at reducing the restlessness and pain level of children after operation, 
improving the quality of recovery, and providing effective nursing measures for 
the clinic. The present report is as follows. 

2. Materials and Method 
2.1. Research Object 

62 cases after tonsillectomy in the anesthesia recovery room from June 2018 to 
December 2018 in the work were collected. Inclusion criteria: 1) Clinical diagno-
sis is tonsillitis; 2) Age between 2 - 12 years old; 3) General anesthesia for anes-
thesia; 4) surgical grading: I - II (according to American Society of Anesthesiol-
ogists (ASA) standards); 5) Parents are informed and willing to cooperate. Ex-
clusion criteria: 1) Complicated with other diseases; 2) Accompanied by guar-
dians other than parents during hospitalization. Finally 62 children were in-
cluded and randomly divided into two groups by coin tossing method, 30 in the 
experimental group and 32 in the control group. All patients in this study have 
been informed consent and signed informed consent, and this study was ap-
proved by the medical ethics committee of our hospital. 
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2.2. Method 
2.2.1. Establishment of Research Group 
The research group consists of eight members, including one director nurse, two 
anesthesiologists, two chief nurses and three nurses. They all work for more than 
three years, with rich clinical experience and solid theoretical basis. The director 
nurses are responsible for the quality control of the intervention process and the 
training for other members of the team, while the other members are responsible 
for the implementation of specific interventions. 

2.2.2. Intervention Method of Control Group 
1) One day before the operation, the members of the research group made 

preoperative visits to inform the children and their parents about the time of 
preoperative fasting and the possible situation of the children during the anes-
thesia process and the methods needed to cooperate. 

2) Introduce the specific content of this study, sign the informed consent. 
Collect the general information of the children for baseline assessment. 

3) On operative day, the parents accompanied the children into the anesthesia 
induction room and cooperated with the anesthesiologist. After the children lost 
consciousness and the anesthesia was stable, the family members left. 

4) After the operation, the children were sent to the anesthesia recovery room 
and given routine nurse (oxygen inhalation, atomization and ECG monitoring). 
The research group observed the objective condition of the children and filled 
out the scoring forms truthfully. 

5) After the recovery of the children, the responsible nurses give them routine 
care and psychological comfort. According to the children’s muscular tension, 
coordination degree and autonomous consciousness, the anesthesiologists and 
responsible nurses will escort the children back to the ward. 

2.2.3. Intervention Methods of Experimental Group 
On the basis of routine nursing of the control group, the experimental group re-
ceived parental presence. The research group informed the patient to enter the 
anesthesia recovery room after the operation, they were instructed by the re-
sponsible nurses to carry out hand hygiene treatment, change shoes, wear masks 
and hats, and wear isolation clothes. They waited in the waiting room for the 
children to enter the anesthesia recovery room. After the children were sent to 
the anesthesia recovery room, the parents can hold their children, call his name, 
comfort the patient, so that the child can feel his parents around. 

2.2.4. Research Tools 
1) The general information questionnaire 
It was designed by the members of the research group, including age, gender, 

weight, first operation and so on. 
2) Steward awakening score 
Steward Awakening Score [13] is one of the most commonly used scale in 

anesthesia recovery room to determine whether children can leave the recovery 
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room or not. The scale is mainly judged from three dimensions: consciousness, 
respiratory tract patency and autonomous activity. Each dimension is three-level 
score (0 - 2 point) and the total score is 6 points, children can leave the recovery 
room while their score is more than 4 points. 

3) PAED Scale 
PAED (Pediatric anesthesia emergence delirium) scale was used to assess res-

tlessness in children during anesthesia recovery, developed by professor Sikich N 
in 2004 [14] [15]. The scale judging from the following 5 dimensions: eye con-
tact, purposeful sexual behavior, environmental alertness, anxiety, crying, every 
dimension has a five-grade score of 0 - 4 points, with a total score of up to 20 
points. We give step-down scores according to their severity (4 = not at all, 3 = 
just a little, 2 = quite a bit, 1 = very much, 0 = extremely) in the first three di-
mensions, and step-up scores (0 = not at all, 1 = just a little, 2 = quite a bit, 3 = 
very much, 4 = extremely) in the following two dimensions. The sum of scores 
in the five dimensions indicates the severity of agitation, with bigger values 
representing more serous condition. The internal consistency of the PAED scale 
was 0.89, the reliability was 0.84 and the sensitivity was 0.64 [15]. 

4) FLACC pain assessment scale 
FLACC (Face, Legs, Activity, Crying, Consolability) Pain Assessment Scale 

[16] is an effective method for children’s postoperative pain assessment, includ-
ing 5 dimensions: facial, leg, autonomous movement, crying and comfort, each 
dimension has a three-level score of 0 - 2 points, with a total score of up to 10 
points. The higher the score, the more severe the pain. 

2.2.5. Data Collection Method 
One day before the operation, we collected general information of the two 
groups. The Steward Recovery Score, Quantitative Restlessness Score Scale and 
FLACC Pain Assessment Scale were collected by the group members on the day 
of operation, and filled according to the objective condition of the children after 
operation truthfully. All the children and their parents cooperated well without 
dropping out. The validity rate of the questionnaire was 100%. 

2.2.6. Quality Control 
Before the clinical intervention, the training of group members needs to be 
skilled in the whole intervention process, the preoperative propaganda content, 
matters need to pay attention, the specific implementation of the questionnaire 
and so on. Unified and easy-to-understand guidance should be adopted to edu-
cate children and their parents so as to minimize the deviation in intervention 
and data collection and ensure the correctness of the research. In the process of 
data collection, timely verification should be made to reduce omissions. Data are 
input in pairs and checked. 

2.2.7. Statistical Method 
SPSS 22.0 software was used for statistical analysis. Weighted Mean Difference 
(MD) was used for measurement data ( x  ± s ) while count data were expressed 
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as number (%) and independent sample t-test was used for measuring data and 
chi-square test (X2) was used for counting data. P < 0.05 was considered statisti-
cally significant. 

3. Results 
3.1. General Data Comparison of Two Groups 

The experimental group consisted of 19 males and 11 females, age (6.90 ± 2.12) 
years, weight (28.08 ± 10.23) Kg and 25 (83.33%) children undergoing the first 
operation. The control group consisted of 19 males and 13 females, age (7.00 ± 
2.36) years, weight (26.59 ± 8.70) Kg and 29 (90.62%) children undergoing the 
first operation. There was no significant difference in gender, age, weight, 
whether the first operation was performed and operative duration between the 
two groups (P > 0.05), which was comparable (Table 1). 

3.2. Comparison of Awakening, Restlessness and Pain Scores  
between the Two Groups 

There was no significant difference in Steward awakening score, PAED scale 
score and FLACC pain score between the two groups before they were sent to 
the anesthesia recovery room (P > 0.05). There were significant differences in 
Steward awakening score and PAED scale score between the two groups when 
they wake up (P < 0.05), there was no significant difference in FLACC pain score 
between the two groups (P > 0.05) (Table 2). 
 

Table 1. General data comparison of two groups. 

 Cases 
Gender (%) Age 

(years, x  ± s) 
Weight 

(Kg, x  ± s) 
First operation 

(%) 
Operative duration 

(min, x  ± s) Male Female 

EP 30 19 11 6.90 ± 2.12 28.08 ± 10.23 25 (83.33) 48.13 ± 19.12 
CP 32 19 13 7.00 ± 2.36 26.59 ± 8.70 29 (90.62) 50.09 ± 21.19 

Statistical value  0.1022 −0.1751 0.6181 0.7332 −0.3821 
P value  0.749 0.861 0.541 0.392 0.703 

PS: 1: t value; 2: X2 value. 

 
Table 2. Comparison of awakening, restlessness and pain scores. 

 Cases Steward Score ( x  ± s) PAED Score ( x  ± s) FLACC Score ( x  ± s) 

Entry the recovery room     

EP 30 3.57 ± 0.72 11.53 ± 1.16 1.70 ± 0.46 

CP 32 3.38 ± 0.75 11.63 ± 1.10 1.78 ± 0.49 

t value  1.019 −0.318 −0.667 

P value  0.312 0.752 0.506 

Awake     

EP 30 5.60 ± 0.62 4.97 ± 1.77 1.50 ± 0.57 

CP 32 5.00 ± 0.44 8.13 ± 2.12 1.56 ± 0.50 

t value  4.410 −6.341 −0.457 

P value  0.000 0.000 0.651 
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4. Discussion 

The results of this study showed that there were significant differences in Ste-
ward awakening score and PAED scale score between the two groups (P < 0.05), 
indicating that parental presence could significantly reduce the restlessness of 
children and improve the recovery effect, which was consistent with the results 
of Han Ailing’s study [17]. Restlessness is a common adverse reaction after 
operation, which not only affects the effect of operation, but also increases the 
workload of medical staff, and even causes serious consequences, such as un-
planned extubation, bleeding, asphyxia caused by unconscious activities and 
crying, threatening the life safety of children. Children’s physical and mental is 
in the stage of development and their cognitive function is poor, when they sti-
mulated by strong stressors, suah as operation and pain, may cause mental 
trauma and cognitive impairment [18]. At present, analgesics and sedatives are 
mainly used for the treatment of restlessness and pain. Some studies [9] show 
that some analgesics can relieve the pain after operation, but have the risk of 
bronchospasm, respiratory depression, nausea and vomiting, and prolong the 
recovery time. Some studies have shown that children depend heavily on their 
parents [18]. Parental presence can reduce salivary cortisol level [19], alleviate 
anxiety level of children, reduce the incidence of post-operative agitation and 
adverse reactions, and can pass the recovery period smoothly. On the contrary, 
without parental presence, children cannot cooperate or even conflict with the 
treatment, and not be able to achieve a good recovery effect. 

However, there was no significant difference in FLACC pain score between 
the two groups (P > 0.05). Compared with recent studies [7] [20], it was found 
that the effect of parental presence on pain relief in children during recovery pe-
riod is not obvious, which may be caused by diseases. Jenkins and Bai Xue et al. 
[7] [20] did not have a unified disease, the subjects of this study were all after 
tonsillectomy. Because of the dense distribution of blood vessels and nerves in 
the oropharynx, speaking and swallowing can cause muscle movement in the 
oropharynx, stimulate the surgical site and cause obvious pain after operation. 
In addition, it’s also possible that parental concerns are different. There was 
study [21] indicated that parents pay attention to the pain of the operation and 
use the tone of apology to communicate with the children, which makes the pain 
more obvious after the operation. 

In the process of the study, it was found that the parents were worried about 
the operation because of the age of children are younger. It was also possible that 
psychological quality of some parents is relatively weak and they lack knowledge 
about diseases, some common problems after the operation, such as crying and 
restlessness of the children, would lead to parents’ anxiety, and then affect the 
children, such a vicious circle. Therefore, it is particularly important to evaluate 
the psychological quality of the parents of the children, and suggest the parents 
with better psychological quality to parental presence. Secondly, the medical 
staff should introduce the environment, equipment to parents so that they can 
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be fully prepared to relieve the influence of unfamiliar environment on them. 
Finally, the medical staff should guide parents to correctly identify the abnormal 
situation, relive their tension, improve the relationship between nurses and pa-
tients, and reduce medical disputes. The children’s condition in the anesthesia 
recovery room is dynamic, all of us should always be alert to the change of the 
children’s condition. Whether accompanied by parents or not, anesthesia nurses 
should always monitor the vital signs and pulse oxygen of the children to ensure 
the children’s respiratory tract is unobstructed and the safety of the children. 

There are limitations in this study: firstly, there is a large difference in the age 
of the children included, which leads to a large difference in their psychological, 
physiological and cognitive aspects. Then, the number of samples included in 
this study was small. Lastly, only the state of anesthesia room was studied and 
the observation time was short. 

5. Conclusion 

This study confirmed that the recovery time of children after general anesthesia 
can be reduced by parental presence. Parental presence can reduce restlessness 
and improve the quality of recovery. In addition, due to the limitations of this 
study, it is suggested that future research should expand the sample size, select 
appropriate research samples, control the age and disease, and extend the obser-
vation time. 
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Abstract 
Objective: To evaluate left ventricular regional and global systolic function 
by measuring left ventricular longitudinal strain (LS) in hypertensive patients 
with sigmoid-shaped interventricular septum (SIS) by two-dimensional 
speckle tracking (2D-STE); in order to explore whether the sigmoid-shaped 
interventricular septum affects the left ventricular systolic function in patients 
with hypertension. Methods: Routine echocardiographic parameters were 
measured in 30 hypertensive patients with SIS (SIS group) and 30 hyperten-
sive patients without SIS (non-SIS group). The left ventricular segments and 
global LS were measured by 2D-STE, and the two sets of parameters were 
compared. Results: The value of the thickness of the basal segment of the 
interventricular septum (IVSBT), the thickness of the middle segment of 
the interventricular septum (IVSMT) and the ratio of the basal segment of the 
ventricular septum to the middle segment of the interventricular septum 
(IVSBT/IVSMT) in SIS group was higher than that in non-SIS group. How-
ever, the value of left ventricular outflow tract diameter (LVOTD) in SIS 
group was lower than that in non-SIS group. There was a significant differ-
ence between the two groups (all P < 0 05). The LS values of the basal seg-
ment of the left ventricular anterior wall and the posterior wall of the left 
ventricle in the SIS group were lower than those in the non-SIS group. The 
difference was statistically significant (all P < 0.05). Conclusion: SIS affects 
left ventricular regional systolic function of patients with hypertension. 
2D-STE can early evaluate left ventricular longitudinal systolic function in 
hypertensive patients with SIS. 
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1. Introduction 

Sigmoid-shaped interventricular septum (SIS) was first proposed by Goor et al. 
[1] in 1969. It refers to the local thickening and protruding to the left ventricular 
outflow tract at the base of the interventricular septum, resulting in the shape of 
S-shaped blood flow through the left ventricular outflow tract. The Framingham 
Heart Research Center showed that the total prevalence rate of SIS was 1.5%, 
compared with 17.8% of subjects aged 85 and older [2]. There is a close rela-
tionship between SIS and hypertension. In the observational study of SIS, the 
prevalence rate of hypertension is often between 55% and 85% [2] [3] [4]. So far, 
there is no consensus on the clinical significance of SIS [5]. It is not clear wheth-
er SIS affects left ventricular systolic function in patients with hypertension. As a 
non-invasive technique for quantitative evaluation of myocardial motion, 
two-dimensional speckle tracking echocardiography (2D-STE) has no angle de-
pendence and can accurately evaluate left ventricular myocardial motion func-
tion [6]. The purpose of this study was to evaluate the left ventricular regional 
and global systolic function in hypertensive patients with SIS by 2D-STE, and to 
explore whether SIS affects the left ventricular systolic function in hypertensive 
patients. 

2. Data and Methods 
2.1. Subjects 

Thirty patients with essential hypertension with SIS (SIS group) examined in the 
Department of Ultrasonography, First Affiliated Hospital of Yangtze University 
from March to August 2019 were selected, including 17 males and 13 females, 
aged (64.43 ± 7.48) years. At the same time, 30 patients with essential hyperten-
sion without SIS (non-SIS group) matched with SIS group were selected as 
control group, including 16 males and 14 females, aged (60.67 ± 8.59) years. In-
clusion criteria: with reference to the Chinese guidelines for the Prevention and 
treatment of Hypertension (revised in 2018) [7]: That is, without antihyperten-
sive drugs, systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure 
≥ 90 mmHg. Previous history of hypertension, taking antihypertensive drugs, 
blood pressure < 140/90 mmHg, can also be diagnosed with hypertension. The 
SIS group also met the diagnostic criteria of SIS, according to the criteria of 
Framingham Cardiac Research Center: 1) Visual evaluation of basal segment 
hypertrophy of interventricular septum; 2) The thickness of basal segment of in-
terventricular septum ≥ 1.4 cm; 3) The ratio of the basal segment of the ventri-
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cular septum to the middle segment of the interventricular septum was ≥ 1.3; 
and 4) There was no abnormal segmental motion and scar in the middle seg-
ment of the interventricular septum. The above four standards need to be met at 
the same time [2]. Exclusion criteria: secondary hypertension, hypertrophic car-
diomyopathy, congenital subvalvular aortic stenosis, coronary heart disease and 
heart failure, valvular heart disease, non-sinus rhythm and two-dimensional ul-
trasound image quality were not clear. The blood pressure in both groups was 
≤160/100 mmHg at the time of evaluation. This study was approved by the 
Clinical Research Ethics Committee of the first affiliated Hospital of Yangtze 
University. All the subjects signed informed consent forms.  

2.2. Instruments and Methods 

As shown in Figure 1, philips iE Elite color Doppler ultrasound diagnostic in-
strument, S5-1 phased array probe, frequency 1 - 5 MHz, and equipped with 
Q-LAB offline analysis software. All the subjects routinely took the left lying posi-
tion and connected the ECG. The thickness of basal segment of interventricular 
septum (IVSBT), the middle segment of interventricular septum (IVSMT) and 
the thickness of left ventricular posterior wall (LVPWT) were measured at the 
end of diastole on parasternal left ventricular long axis section. On the apical 
five-chamber section, the internal diameter of left ventricular outflow tract 
(LVOTD) and the blood flow velocity of left ventricular outflow tract (LVOTV) 
were measured during systolic period. Measurement of left ventricular ejection  
 

 
Figure 1. Global and segmental left ventricular LS curves and bovine eye diagrams on apical three-chamber, four-chamber and 
two-chamber sections in non-SIS group and SIS group. (A): non-SIS group; (B): SIS group. 
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fraction (LVEF) by biplane Simpson. Adjust the frame rate of the instrument > 
60 frames/s, collect the two-dimensional dynamic images of the standard left 
ventricular apical four-chamber, three-chamber and two-chamber sections for 
three consecutive cardiac cycles, store them and export them to the Q-LAB 
workstation for 2D-STE offline analysis. The longitudinal strain (LS) of the 
whole and each segment on the three-chamber, four-chamber and two-chamber 
section strain curves of the left ventricular apex were measured. After the analy-
sis of the three sections, the software will automatically generate a bovine eye 
diagram showing each segment. 

2.3. Statistical Analysis 

The data were analyzed and processed by SPSS 19.0 statistical software package, 
and the measurement data were expressed as mean ± standard deviation ( x  ± 
s). Independent sample t-test was used to compare with the two groups. The dif-
ference was statistically significant (P < 0.05). 

3. Results 
3.1. Comparison of Clinical Data and Echocardiographic  

Parameters between Non-SIS Group and SIS Group 

There was no significant difference in LVEF, LVPWT, LVOTV, Age, HR, SBP 
and DBP between the two groups (P > 0.05). The value of IVSBT, IVSMT and 
IVSBT/IVSMT in SIS group was higher than that in non-SIS group, while the 
value of LVOTD in SIS group was lower than that in non-SIS group. There was 
significant difference between the two groups (P < 0.05). See Table 1. 

3.2. Comparison of Ultrasonic Two-Dimensional Spot Tracking  
Parameters between Non-SIS Group and SIS Group 

As shown in Table 2, compared with the non-SIS group, the LS of the basal  
 

Table 1. Comparison of general data between non-SIS groups and SIS groups ( x  ± s). 

Groups Age (years) HR (beats/min) SBP (mmHg) DBP (mmHg) LVEF (%) 

non-SIS groups (n = 30) 60.67 ± 8.59 77.0 ± 8.59 141.89 ± 12.92 84.78 ± 7.08 59.0 ± 1.41 

SIS groups (n = 30) 64.43 ± 7.48 77.86 ± 11.61 143.21 ± 11.28 86.14 ± 13.30 59.14 ± 2.59 

P value 0.279 0.851 0.797 0.781 0.882 

 
Groups IVSBT (mm) IVSMT (mm) IVSBT/IVSMT LVPWT (mm) LVOTD (mm) LVOTV (cm/s) 

non-SIS groups (n = 30) 12.22 ± 0.67 9.33 ± 0.87 1.32 ± 0.13 9.33 ± 0.71 20.64 ± 2.47 82.22 ± 17.71 

SIS groups (n = 30) 15.50 ± 1.09 10.29 ± 0.99 1.517 ± 0.15 10.21 ± 1.37 17.75 ± 1.91 94.91 ± 20.66 

P value 0.000  0.028 0.005 0.09 0.017 0.228 

Note: Date are expressed as mean ± SD. SIS, sigmoid-shaped interventricular septum; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; IVSBT, interventricular septal basal segment thickness; IVSMT, interventricular septal middle segment thickness; IVSBT/IVSMT, ratio of inter-
ventricular septal basal segment thickness to interventricular septal middle segment thickness; LVPWT, left ventricular posterior wall thickness; LVEF, left 
ventricular ejection fraction; LVOTD, left ventricular outflow tract diameter; LVOTV, left ventricular outflow tract flow velocity. 
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Table 2. Comparison of longitudinal strain parameters of left ventricular segments between non-SIS group and SIS group (%, x  ± 
s). 

Indicators 
Anterior septum Anterior wall Side wall 

Basal Middle Apical Basal Middle Apical Basal Middle Apical 

non-SIS groups 
(n = 30) 

−13.63 ± 2.45 −21.5 ± 6.99 −20.5 ± 8.63 −18.37 ± 5.48 −17.13 ± 6.33  −15.38 ± 8.96 −20.63 ± 1.92 −20.13 ± 5.22 −18.37 ± 5.8 

SIS groups 
(n = 30) 

−8.25 ± 2.34 −21.7 ± 4.59 −23.92 ± 5.55 −18.08 ± 5.53 −14.17 ± 5 −13.17 ± 7.94 −19.67 ± 3.26 −17.33 ± 7.58 −21.08 ± 5.16  

P value 0.000 0.924 0.293 0.909 0.259 0.57 0.304 0.378 0.288 

 

Indicators 
Posterior wall Inferior wall Posterior interval 

Basal Middle Apical Basal Middle Apical Basal Middle Apical 

non-SIS groups 
(n = 30) 

−18.38 ± 3.96 −19.38 ± 5.9 −21.13 ± 2.9 −18.75 ± 3.73 −17.5 ± 7.15 −22.13 ± 2.59 −14.25 ± 3.01 −20.75 ± 4.03 −25 ± 8.16 

SIS groups 
(n = 30) 

−18.08 ± 3.96 −18.42 ± 5.4 −20.25 ± 4.53 −13.67 ± 6.58 −21.42 ± 4.2 −22 ± 6.71 −9.08 ± 3.12 −20.58 ± 5.99 −26.17 ± 4.65 

P value 0.874 0.712 0.636 0.064 0.139 0.961 0.006 0.946 0.688 

Note: Date are expressed as mean ± SD. 

 
segment of the left ventricular anterior wall and the posterior wall of the left 
ventricle in the SIS group were significantly lower than those in the non-SIS 
group. The difference was statistically significant (P = 0.000, 0.006, all P < 0.05). 
However, there was no significant difference in other left ventricular segments 
and global LS between SIS group and non-SIS group (P > 0. 05). 

4. Discussion 

In this study, the value of LS measured by 2D-STE was used to evaluate left ven-
tricular regional and global systolic function of hypertensive patients with SIS, 
and to explore whether SIS affects left ventricular systolic function in hyperten-
sive patients. Through the study, it was found that under the condition of nor-
mal LVEF, 2D-STE could early detect the abnormality of left ventricular regional 
myocardial longitudinal systolic function. Compared with hypertensive patients 
without SIS, SIS affects left ventricular regional systolic function in hypertensive 
patients. 

SIS is a special morphological feature of the local thickening process to the left 
ventricular outflow tract at the base of the interventricular septum. Previous stu-
dies have shown that SIS patients are generally found in echocardiography, 
mostly in the elderly, especially in patients with hypertension [2] [3] [4]. So far, 
there is no consensus on the clinical significance of SIS [5]. For a long time, 
many scholars believe that SIS is a special anatomical structure formed in the 
process of cardiac aging, which is usually asymptomatic and of little clinical sig-
nificance [1] [2] [3]. In 2009, the Framingham Heart Research Center [2] found 
52 cases of SIS among 3562 participants in the community. During a 15-year 
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follow-up, it was found that SIS was not associated with the risk of cardiovascu-
lar disease or death, indicating that SIS was not associated with poor prognosis. 
However, some case reports [8] [9] [10] [11] suggested that left ventricular 
hypercontraction is likely to occur under exercise load or when taking positive 
inotropic drugs, or when they are in postprandial or postural changes. In this 
case, SIS may cause left ventricular outflow tract obstruction, resulting in exer-
tional dyspnea or syncope and other clinical manifestations, resulting in cardi-
ovascular adverse consequences. Therefore, these scholars believe that SIS is pa-
thological and has important clinical significance. 

Previous studies have shown that there is a close relationship between SIS and 
hypertension [2] [3] [4]. With the aging of the population in China, more and 
more SIS have been found, especially in patients with hypertension. Due to the 
special anatomical structure of SIS, the hearts of these hypertensive patients with 
SIS may need to overcome more peripheral vascular resistance, further increase 
the cardiac afterload, cause high load work, and may lead to left ventricular 
overcontraction. In this case, the protruding base of the interventricular septum 
comes into contact with the active mitral valve lobe, which narrows the outflow 
tract, where the blood flowed converges to produce high-speed blood flow, 
which together promotes the increase in the pressure difference in the left ven-
tricular outflow tract. It may cause left ventricular outflow tract obstruction and 
corresponding clinical manifestations, resulting in cardiovascular adverse con-
sequences. Therefore, it is particularly important to evaluate the left ventricular 
systolic function and take effective measures to prevent the occurrence of cardi-
ovascular adverse events in hypertensive patients with SIS as soon as possible. 

As a non-invasive technique for quantitative evaluation of myocardial motion, 
2D-STE has no angle dependence and is less affected by cardiac load, so it can 
accurately evaluate left ventricular myocardial motion function [6]. Among 
them, left ventricular myocardial LS has high sensitivity in evaluating local and 
global systolic function in cardiac subclinical stage [12]. Therefore, in this study, 
2D-STE was used to measure left ventricular LS in hypertensive patients with SIS 
to evaluate left ventricular regional and global systolic function. 

In this study, the results of conventional ultrasound measurement showed 
that the LVEF values of the were (59.0 ± 1.41)% and (59.14 ± 2.59)% in non-SIS 
groups and SIS groups respectively. There was no significant difference between 
the two groups (P > 0.05). However, the LVEF values of the two groups were in 
the normal range (50% - 70%), indicating that the left ventricular systolic func-
tion was normal in both groups when evaluating left ventricular systolic function 
by conventional LVEF. Compared with non-SIS group, the values of IVSBT, 
IVSMT and IVSBT/IVSMT increased in SIS group, especially in IVSBT. How-
ever, the measured value of LVOTD decreased. The difference was statistically 
significant (all P < 0.05). The results showed that in the SIS group, except for the 
obvious thickening of the base of the interventricular septum, the thickness of 
the other ventricular wall was approximately normal, and the decrease of the in-
ner diameter of the left ventricular outflow tract suggested that it might be re-

https://doi.org/10.4236/ym.2020.41006


Z. F. Zhang et al. 
 

 

DOI: 10.4236/ym.2020.41006 68 Yangtze Medicine 
 

lated to the occurrence of left ventricular outflow tract obstruction. The results 
of two-dimensional spot tracking showed that the LS of the basal segment of the 
anterior and posterior wall of the left ventricle in the SIS group was significantly 
lower than that in the non-SIS group. The difference was statistically significant 
(all P < 0.05). However, there was no significant difference in other left ventri-
cular segments and global LS between SIS group and non-SIS group (P > 0.05). 
That is, compared with the non-SIS group, the longitudinal deformation ability 
of the basal segment of the left ventricular anterior wall and the posterior wall of 
the left ventricle in the SIS group decreased, indicating that the left ventricular 
regional systolic function of the SIS group was decreased, which mainly occurred 
at the base of the interventricular septum. The reason may be related to the 
unique morphological characteristics of SIS.  

5. Summary 

In summary, compared with hypertensive patients without SIS, SIS affects the 
left ventricular regional systolic function in hypertensive patients, which mainly 
results in the decrease of myocardial longitudinal systolic function of the basal 
segment of interventricular septum. Therefore, SIS cannot be classified as a be-
nign manifestation of cardiac aging. Under the condition of normal LVEF, the 
LS measured by 2D-STE can early evaluate the involvement of left ventricular 
regional systolic function. This is helpful for clinicians to evaluate hypertension 
patients with SIS as early as possible and take effective measures to control 
hypertension and its related risk factors, which has important clinical signific-
ance to prevent the occurrence of cardiovascular adverse events. 
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Abstract 
Objective: This paper aims to screen and analyze the current status of 
high-risk stroke patients in Shashi District of Jingzhou City and the exposure 
levels of related risk factors, and provides suggestions as the references for 
prevention and treatment of stroke. Methods: Using cluster sampling, on-site 
investigations were conducted on 1060 permanent residents aged 40 years 
and over at 3 townships and 2 communities in Shashi District of Jingzhou 
City from January 2018 to December 2018. Risk assessment of stroke is based 
on the stroke risk screening form. Statistical analysis was performed by using 
SPSS 22.0 software. Results: After making a stroke risk assessment, a total of 
313 high-risk stroke patients were screened, and the detection rate was 
29.53%. The exposure rate of risk factors from high to low was hypertension 
(70.93%), dyslipidemia (46.33%), less physical exercise (46.01%), diabetes 
(36.10%), overweight (33.55%), smoking (33.23%), family history of stroke 
(24.92%), atrial fibrillation or valvular heart disease (7.35%). There are statis-
tically significant differences among all risk factors between the high-risk 
group and middle and low-risk groups (P < 0.05). There is a statistically sig-
nificant difference in smoking between men and women (P < 0.05). Conclu-
sion: The detection rate of high-risk stroke patients in Shashi District of 
Jingzhou City is high. Hypertension, dyslipidemia and less physical exercise 
are the main risk factors of stroke occurrence and recurrence in the region. 
The prevention and treatment of risk factors for stroke should be streng-
thened to control the incidence and recurrence rate of stroke. 
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1. Introduction 

Stroke is a neurological disease of cerebral blood circulation disorder caused by a 
combination of various factors, with high morbidity, high disability and high 
recurrence rate and is one of the major causes of disability and death worldwide 
[1]. Especially in recent years, the incidence of stroke in China has increased by 
8.7% per year, and the mortality rate is 4 to 5 times that of developed countries 
in Europe and America [2]. With the aging and urbanization process accelerat-
ing, residents’ unhealthy lifestyles are prevalent, and the incidence of strokes has 
risen sharply. It is speculated that the incidence of cerebrovascular disease in 
China will increase by about 50% in 2030 compared with 2010. The per capita 
cost of hospitalization for cerebral hemorrhage and cerebral infarction in China 
increased by 61.4% and 31.4% respectively compared with 2010, which brought 
heavy economic burden to families and society [3] [4]. Therefore, the prevention 
and treatment of stroke are extremely urgent. 

The prevention and treatment of stroke began in the United States as early as 
1950, and the American stroke mortality rate dropped by 34.8% between 1972 
and 1985 [5]. The project has been carried out in Japan, Australia, Canada, New 
Zealand and other countries, and has achieved remarkable results, resulting in a 
significant reduction in stroke morbidity and mortality [6] [7] [8] [9]. At 
present, China has launched a stroke screening and prevention program in some 
cities. According to relevant research reported, the proportion of high-risk 
groups is between 13.45% - 21.30% [10] [11] [12] [13]. About 1.6 million people 
died from stroke each year in China, which has become the primary cause of 
death among Chinese residents [14]. It shows that the burden of stroke in China 
is serious, and the prevention and treatment of stroke are extremely urgent. Stu-
dies have shown that among the risk factors that cause stroke, in addition to 
gender, age and genetic factors, the rest are closely related to people’s daily ha-
bits and behaviors, and can be controlled by changing bad lifestyles and beha-
viors. Approximately 94% of stroke patients are caused by controlled risk fac-
tors, and early screening for risk factors and standardized treatment of stroke 
patients can effectively reduce stroke morbidity, recurrence rate, morbidity and 
mortality [15] [16]. 

This paper aims to screen and analyze the current status of high-risk stroke 
patients in Shashi District of Jingzhou City and the exposure levels of related risk 
factors, and provides suggestions as the references for prevention and treatment 
of stroke. The screening results are now reported as below. 

2. Materials and Methods 
2.1. Research Object 

According to the screening standards of the National Health and Family Plan-
ning Commission’s Stroke Screening and Prevention Engineering Committee, a 
cluster sampling method was adopted to screen the permanent residents of the 
three townships and two communities in Shashi District of Jingzhou City, aged 
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40 and above. A total of 1060 people were screened. Inclusion criteria: 1) The 
permanent residents who aged 40 and above in Shashi District of Jingzhou City; 
2) A history of stroke or TIA, or patients with the following ≥ 3 risk factors: 
hypertension, hyperlipidemia, diabetes, atrial fibrillation or valvular heart dis-
ease, smoking, lack of exercise, overweight, family history of stroke. 3) Volunteer 
to participate in this study. Exclusion criteria: 1) Newly born stroke patients less 
than 6 months; 2) Patients who cannot be screened for severe physical illness; 3) 
Patients who are unable to communicate properly due to mental illness or cog-
nitive impairment.  

2.2. Research Method 
2.2.1. Investigation Method 
The survey used a unified assessment form that included general information 
and stroke factors [17]. On-site questionnaires and physical examinations are 
conducted by qualified medical personnel who are trained and tested. The study 
was approved by the ethics committee and informed consent was obtained from 
the study subjects. 

2.2.2. Diagnostic Criteria 
Using the latest stroke risk screening assessment criteria by the Stroke Screening 
and Prevention Engineering Committee, high-risk stroke patients include a his-
tory of previous ischemic stroke or transient ischemic attack (TIA), or 3 of the 
following 8 risk factors Items and above: 1) Hypertension (≥140/90 mmHg, 1 
mmHg = 0.133 kPa), or taking antihypertensive drugs; 2) Atrial fibrillation or 
valvular heart disease; 3) Smoking (evaluation criteria: ≥1 cigarette/day, duration 
more than 1 year); 4) Dyslipidemia or unknown; 5) Diabetes; 6) Less physical 
exercise (evaluation criteria: ≥3 times/week, ≥30 minutes/time, duration more 
than 1 year; those who are engaged in moderate or severe physical labor are re-
garded as regular physical exercise); 7) Obesity (BMI ≥ 26 kg/m2); 8) Family 
history of stroke. There were fewer than 3 risk factors of stroke, but with one of 
the chronic diseases (hypertension, diabetes, atrial fibrillation, or valvular heart 
disease) was assessed as a middle-risk group. The risk factors of stroke were less 
than 3, and without chronic disease were assessed as a low-risk group. 

2.2.3. Quality Control 
All personnel involved in the stroke screening program must receive uniform 
training. During the development of the screening project, quality control person-
nel should be set up, all screening registration forms should be quality-controlled, 
and errors or missing items should be corrected in time to ensure the validity of 
the registration form. The data entry is double-checked and double entered to 
ensure the data is accurate. 

2.2.4. Statistical Method 
Data input and management were performed using Excel software, and data 
analysis was performed using SPSS 22.0 statistical software. Count data adoption 
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rate and percentage description. Chi-square test was used to compare between 
groups. P < 0.05 was considered statistically significant. 

3. Results 
3.1. Basic Situation of the Research Object 

In this study, a total of 1060 subjects were screened. Finally, the data of 1060 pa-
tients were included in the study, and the effective rate was 100%. The general 
demographic characteristics of the study population are shown in Table 1.  

3.2. Screening Result 

A total of 313 patients (29.53%) with high-risk of stroke were identified, includ-
ing 100 patients (31.95%) with previous stroke and 56 patients (17.89%) with 
transient ischemic attack (TIA).In the high-risk group, The exposure rate of risk 
factors from high to low was hypertension (70.93%), dyslipidemia (46.33%), less 
physical exercise (46.01%), diabetes (36.10%), overweight (33.55%), smoking 
(33.23%), family history of stroke (24.92%), atrial fibrillation or valvular heart 
disease (7.35%), as shown in Figure 1. Compared with the middle and low-risk 
groups, high-risk groups had statistically significant differences in hypertension, 
atrial fibrillation or valvular heart disease, smoking, dyslipidemia, diabetes, less 
physical exercise, overweight, and family history of stroke (P < 0.01), as shown 
in Table 2. There was a statistically significant difference in smoking between 
men and women (P < 0.05), as shown in Table 3. 
 

 
Figure 1. Distribution of risk factors in high-risk populations of stroke.  
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Table 1. General demographic characteristics. 

Variable Project Frequency Composition ratio (%) 

Gender Male 484 45.7 

 Female 576 54.3 

Age 40~ 223 21.0 

 51~ 336 31.7 

 61~ 342 32.3 

 71~ 159 15.0 

Nationality Han nationality 1045 98.6 

 Minority 15 1.4 

marriage Married 920 86.8 

 Widowed or divorced 86 8.1 

 Other 54 5.1 

Career Farmer 657 62.0 

 Worker 170 16.0 

 Other 233 22.0 

Educational level Elementary school and below 657 62.0 

 Junior high school 300 28.3 

 High school and above 103 9.7 

Living situation Living alone 58 5.5 

 Non-independent 1002 94.5 

Medical payment method Self-pay 16 1.5 

 Medical insurance 872 82.3 

 Other 172 16.2 

Monthly per capita 
income of the 
family (yuan) 

<1000 234 22.1 

1000 - 2000 492 46.4 

2000 - 3000 234 22.1 

>3000 100 9.4 

Number of risk factors 3 65 20.8 

 4 46 14.7 

 ≥5 24 7.7 

 
Table 2. Statistical results of risk factors in high-risk group and middle and low-risk. groups of stroke [n (%)]. 

Group 
Number 
of cases 

Hypertension 

Atrial 
fibrillation or 
valvular heart 

disease 

Smoking Dyslipidemia Diabetes 
Less 

physical 
exercise 

Group 
Family 

history of 
stroke 

High-risk group 313 222 (70.93) 23 (7.35) 104 (33.23) 145 (46.33) 113 (36.10) 144 (46.01) 105 (33.55) 78 (24.92) 

Middle and 
low-risk group 

747 168 (22.49) 13 (1.74) 103 (13.79) 110 (14.73) 46 (6.16) 117 (15.66) 87 (11.65) 43 (5.76) 

χ2  222.525 21.143 53.036 120.564 155.123 109.426 71.323 80.109 

P  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
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Table 3. Stroke risk factors by gender statistics [n (%)]. 

Group 
Number 
of cases 

Hypertension 

Atrial 
fibrillation or 
valvular heart 

disease 

Smoking Dyslipidemia Diabetes 
Less 

physical 
exercise 

Obviously 
overweight 

Family 
history of 

stroke 

Male 484 195 (40.29) 17 (3.51) 184 (38.02) 120 (24.79) 76 (15.70) 133 (27.48) 98 (20.25) 53 (10.95) 

Female 576 195 (33.85) 19 (3.30) 23 (3.99) 135 (23.44) 83 (14.41) 128 (22.22) 94 (16.32) 68 (11.81) 

χ2  4.683 0.370 193.737 0.256 0.345 3.916 2.737 0.190 

P  >0.05 >0.05 <0.05 >0.05 >0.05 >0.05 >0.05 >0.05 

4. Discussion 

The results of this study show that the detection rate of high-risk stroke popula-
tion in this region was relatively high, accounting for 29.53%, which was higher 
than the 15.32% of high-risk stroke population aged 40 and above reported by 
Yue [18]. In the high-risk group, the exposure rate of risk factors from high to 
low was hypertension (70.93%), dyslipidemia (46.33%), less physical exercise 
(46.01%), diabetes (36.10%), overweight (33.55%), smoking (33.23%), family 
history of stroke (24.92%), atrial fibrillation or valvular heart disease (7.35%), 
Among the 313 high-risk stroke patients, there were 65 patients with 3 risk fac-
tors (20.77%), 46 patients with 4 risk factors (14.70%), and 24 patients with more 
than 5 risk factors (7.67%), it indicates that the stroke burden in this area is 
heavy. In addition, the risk factors of hypertension, dyslipidemia, less physical 
exercise, diabetes, overweight, smoking, family history of stroke, atrial fibrilla-
tion and valvular heart disease were statistically significant in the high-risk and 
middle and low-risk groups (P < 0.05). There is a statistically significant differ-
ence in smoking between men and women (P < 0.05). 

Stroke is a multifactorial related disease, and its incidence trend is closely re-
lated to the exposure level of risk factors. Studies have shown that more than 
80% of stroke cases can be controlled by improving people’s unhealthy lifestyle 
and behaviors and strengthening self-health management [19] [20]. The results 
of this study found that the top three risk factors for high-risk stroke patients in 
this region were hypertension, dyslipidemia, and less physical exercise, which 
were controllable risk factors. Hypertension is the most important independent 
risk factor for stroke. 40% of cardiovascular and cerebrovascular diseases in 
China are attributed to hypertension. Among the many risk factors for stroke, 
hypertension is the first. With the increase of blood pressure, the risk of cardi-
ovascular and cerebrovascular diseases increases gradually, and the risk of car-
diovascular and cerebrovascular diseases increases by 1 time for every 20 mmHg 
of systolic blood pressure or 10 mmHg of diastolic blood pressure [21]. In a 
study by Goldstein [22], it is pointed out that maintaining proper exercise can 
reduce the incidence of stroke by 20%, multiple exercise can reduce the inci-
dence of stroke by 27%, exercise can lower blood pressure, prevent atherosclero-
sis, and thus reduce the occurrence and recurrence of stroke. Some studies have 
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shown that targeted interventions for high-risk stroke patients can also effec-
tively reduce the incidence of stroke. In the study of Ai, et al. [23], standardized 
drug treatment for people with high-risk factors such as hypertension, diabetes 
and dyslipidemia can control blood pressure, blood sugar and blood lipids with-
in the normal range, thereby reducing the incidence of stroke. In the study of Li, 
et al. [24], targeted health education was conducted for cardiovascular patients 
with stroke risk factors, which mainly included early identification and control 
of stroke risk factors, guidance for patients to establish a good lifestyle to im-
prove the knowledge of stroke prevention and treatment. Pan, et al. [25], 
through the implementation of health management interventions for high-risk 
stroke patients, strengthen self-health awareness and behavior to improve the 
clinical outcomes of high-risk stroke patients, and reduce the incidence of 
stroke. The high-risk factors of stroke in this area are mainly related to people’s 
daily diet and behavior. It can improve people’s health behavior compliance by 
strengthening health education and supervision, thus reducing the incidence and 
recurrence rate of stroke. 

At present, although the prevention and treatment of stroke have made great 
progress, there are still some challenges. People’ awareness of prevention and 
control, healthy lifestyles and risk factors are still not ideal. The knowledge of 
stroke prevention and treatment is generally lacking, and the compliance of 
healthy behaviors is not optimistic. Studies show that the awareness rate, treat-
ment rate and control rate of hypertension in Chinese adults ≥ 18 years old are 
51.6%, 45.8% and 16.8% respectively [26]. The smoking rate among men is still 
at a high level, and the smoking rate of people aged ≥ 15 years is 27.7% (52.1% 
for men and 2.7% for women). The proportion of dyslipidemia in the population 
has increased significantly, the overall male is higher than the female, and the 
urban is higher than the rural [27]. Diabetes epidemiological survey showed that 
the national diabetes awareness rate was 36.50%, the treatment rate was 32.20%, 
and the treatment control rate was 49.20% [28]. The prevention and treatment 
of stroke is a long-term and arduous task that requires multidisciplinary cooper-
ation, continuous supervision and management, thereby improving the health of 
all citizens. 

5. Conclusion 

The detection rate of high-risk stroke patients in Shashi District of Jingzhou City 
is high. Hypertension, dyslipidemia, less physical exercise, diabetes, and over-
weight are the main risk factors of stroke occurrence and recurrence in the re-
gion. The prevention and treatment of risk factors for stroke should be streng-
thened to control the incidence and recurrence rate of stroke. 
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