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Introduction
Type 1 diabetes has traditionally been regarded as a pri-

marily childhood-onset disorder of insulin de�iciency, re-
quiring life-long treatment with exogenous insulin [1]. Ac-
cording to the International Diabetes Federation released 
the 10th edition of the Global Diabetes Map: more than 1.2 
million children and adolescents worldwide have type 1 dia-

betes [2]. Furthermore,  the prevalence of Type 1 diabetes 
and the number of adolescents with diabetes is increasing 
annually [3]. Given the increase in life expectancy and mor-
bidity, providing appropriate care for adolescents and young 
adults with Type 1 diabetes has become an important issue 
[4]. However, an increasing number of children with type 1 
diabetes are being transferred from pediatrics to adult care 

Review article https://doi.org/10.70731/9ypsn651
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Transition Experiences of Adolescents with Type 1 Diabetes 
from Pediatric to Adult Care: A Meta-Synthesis of Qualitative 
Studies
Wanhui Yu ¹, Ziheng Jin ², Hui Li ¹, Cheng Chi ¹, Bing Liu ¹, Shuang Wang ¹, Haiya Sun ¹, *

Received 8 April 2026 Abstract:
Background: Effective long-term management of type 1 diabetes requires ado-
lescents to transition from pediatric to adult healthcare services. This process is 
often accompanied by complex emotions, changing attitudes, and multiple chal-
lenges. Understanding adolescents’ experiences during this period may help iden-
tify transition-related barriers and support a smoother transfer of care.
Objective: To explore the perceptions, experiences, and attitudes of adolescents 
with type 1 diabetes during the transition from pediatric to adult healthcare ser-
vices.
Design: A systematic review and qualitative evidence synthesis.
Methods: PubMed, Web of Science, Cochrane Library, Embase, and CINAHL were 
searched from inception to October 2025 using pre-speci�ied search terms. Stud-
ies were screened according to prede�ined inclusion and exclusion criteria. Quali-
tative �indings were extracted and synthesized using the JBI meta-aggregation ap-
proach.
Results: Twelve studies were included. Three synthesized themes were identi-
�ied: diverse attitudes and emotions toward transition; challenges during the 
transition process; and recommendations and expectations for improving transi-
tion care. Five subthemes were graded as having high con�idence and three as 
having moderate con�idence. The �indings indicate that transition experiences are 
shaped by emotional uncertainty, increasing self-management demands, disconti-
nuity in care, and unmet expectations regarding adult services.
Conclusions: Adolescents with type 1 diabetes experience multiple barriers dur-
ing the transition to adult healthcare services. These barriers are closely related 
to the transfer of disease-management responsibility, dif�iculties adapting to self-
care, and insuf�icient support from healthcare providers, families, and peers. 
Strengthened transitional support may improve continuity of care and reduce 
transition-related dif�iculties.
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because pediatrics care is overloaded and pediatrics care is 
less able to provide care that meets the special needs of pa-
tients as they age, including exercise, diet, weight control, 
and pregnancy management. Although healthcare transition 
has commonly been conceptualized as the process of trans-
ferring between child and adult services, it has recently been 
more broadly de�ined as: ‘the purposeful, planned process 
that addresses the medical, psychosocial, educational and 
vocational needs of adolescents and young adults as they 
grow up learning to live with their lifelong health condition 
[5]. At the outset of the transition, taking into account the 
disparities between pediatrics and adult healthcare settings 
in terms of culture, atmosphere, focus of care, medical 
equipment, and healthcare practices, among others, some 
adolescent patients may face dif�iculties in adjusting to the 
unknown adult healthcare milieu in a timely manner [6, 7].

In pediatrics, parents play a key role in managing dia-
betes and are responsible for providing medical advice, 
monitoring blood glucose levels, overseeing medication, and 
observing physical changes [8]. However, moving to an adult 
healthcare setting can be a stressful and challenging transi-
tion for patients who have relied heavily on their parents, as 
adolescents are required to take on more autonomy and re-
sponsibility, while parents shift from a primary management 
role to a supportive one [9]. The transitional period is deli-
cate, and adolescents who fail to adjust their disease man-
agement roles promptly are at risk of experiencing impaired 
glycemic control, detachment from healthcare services, and 
complications during the transition phase [10]. Successful 
transitions often require the collaboration of various parties, 
such as pediatrics healthcare providers, adult healthcare 
providers who are ready to take on the emerging adolescent, 
the adolescent's parents who shift away from their main role 
to offer supportive companionship, and the patient who 
proactively adjusts to the new environment and seeks their 
own healthcare information for managing diabetes [11]. 
Transition is a crucial aspect of personal development, and it 
is imperative to establish effective strategies to assist ado-
lescents with type 1 diabetes in acclimating to their sur-
roundings and adapting to new roles in order to manage the 
challenges associated with transition. 

Prior qualitative assessments have revealed the advan-
tages and shortcomings of existing transition initiatives, and 
the goal should be to concentrate on the transition experi-
ences and expectations of patients to gain a comprehensive 
understanding of the obstacles and dif�iculties involved in 
transitioning adolescents with diabetes to adult healthcare.
Identifying the emotions of adolescents in transition, chal-
lenges during the process, and suggestions for improvement 
can enable healthcare organizations to modify their transi-
tion plans to ful�ill the requirements of their patients. As a 
result, adolescents can ef�iciently transition to more self-
governing roles, promote health-related outcomes, and 
make the transition timely. Accordingly, this study analyses 
the experiences of patients with type 1 diabetes as they 
move from pediatric to adult healthcare.

Methods
This systematic review was guided by the Joanna Briggs 

Institute Manual for Evidence Synthesis and reported by the 
guidelines of the Enhancing Transparency in Reporting the 
Synthesis of Qualitative Research (ENTREQ) Statement [12, 
13].

Search strategy
PubMed, Web of Science, Cochrane, Embase and CINAHL 

were systematically searched for qualitative and mixed 
methods studies related to the experience of transitioning 
adolescents with type 1 diabetes from pediatrics to adult 
care, with a timeframe up to October 2024. The search was 
conducted by combining subject terms and free words using 
Boolean logic operations and simultaneously tracing rele-
vant references. 

Study selection
The studies thus retrieved were exported to the Endnote 

21 software, and duplicate citations were removed. Two re-
viewers (YWH, JZH) independently screened the titles and 
abstracts, and the full texts were subsequently retrieved for 
further assessment. Any disagreements were resolved 
through discussion. The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) �low diagram 
was used to report the selection process [14].

Inclusion and exclusion criteria
The inclusion and exclusion criteria were formulated 

based on four elements: type of participants, phenomena of 
interest, context and type of studies, as shown in Table 1. 
Only studies published in English were considered.

Quality appraisal
Quality assessment was undertaken using the Critical 

Appraisal Skills Programme (CASP) tool [15] (Table 2). Two 
researchers (CC, LH) with training in evidence-based 
medicine or evidence-based nursing initially selected one 
piece of literature each for assessment. Following standard-
ization and harmonization of the evaluation methodology, a 
back-to-back literature quality assessment was conducted 
on the screened and included literature. The CASP tool for 
assessing the authenticity of qualitative studies comprises 
10 evaluation items, for which the evaluator is required to 
provide a 'yes', 'no', or 'unclear' response. In the event of any 
inconsistencies, the evaluator is expected to make a 'yes', 
'no', or 'unclear' judgment on each item and request the in-
put of a third individual (SHY) to facilitate a negotiated reso-
lution.

Data extraction  
Information was extracted from the included literature 

for this study using an Excel spreadsheet, including authors, 
year of publication, country, purpose, study design, data col-
lection and analysis, participants, and scenarios. Data were 
extracted independently by two reviewers (LH, LB) and then 
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cross-checked [16]. Codes with similarities were integrated 
by both reviewers to form descriptive themes. Finally, the 
themes were analyzed and synthesized to generate analyti-
cal themes and develop new interpretations.

Assessing confidence in the findings
The Credibility of Evidence from Qualitative Reviews 

(CERQual) research methodology was used to evaluate the 
credibility of review conclusions on a scale of high, moder-
ate, low, or very low [17]. Credibility refers to the extent to 
which the synthesis results adequately describe the phe-
nomenon of interest. The assessment of the credibility of the 
�indings of each review consists of four components: 
methodological limitations, relevance, consistency, and ade-
quacy of data.

RQ1. Was there a clear statement of the aims of the re-
search?

RQ2. Is a qualitative methodology appropriate?

RQ3. Was the research design appropriate to address the 
aims of the research?

RQ4. Was the recruitment strategy appropriate to the aims 
of the research?

RQ5. Was the data collected in a way that addressed the re-
search issue?

RQ6. Has the relationship between researcher and partici-
pants been adequately considered?

RQ7. Have ethical issues been taken into consideration?

RQ8. Was the data analysis suf�iciently rigorous?

RQ9. Is there a clear statement of �indings?

RQ10. How valuable is the research?

Findings
A total of 1318 records were retrieved, 12 studies met 

the inclusion criteria and were included in this review [7–
27] (Figure 1). These studies were conducted in the United 
States, United Kingdom, Canada, Australia, Norway, Sweden 
and Japan and included a total of 213 adolescents with type 
1 diabetes.A number of these studies were qualitative and 
used interviews to collect data, and only one was a mixed 
study [24]. Study characteristics are reported in Table 3.

The qualitative evaluation �indings indicate that only 
three studies acknowledged the relationship between re-
searcher and participants been adequately considered [18, 

Criteria  Inclusion Exclusion
Types of participants Adolescents diagnosed with type 1 diabetes Adolescents diagnosed with type 1 diabetes mellitus not 

receiving treatment or follow-up
Phenomena of interest Experiences and feelings of transition from a pediatric to an 

adult healthcare setting
Experiences or feelings not related to the medical 
transition or from others

Context Transition in health-care facilities
Types of studies Qualitative research and the qualitative component of 

mixed-method research based on qualitative data collected 
from interviews, participant observations, field notes, open-
ended questions from surveys

Studies in which qualitative data could not be identified

Table 1 | Eligibility criteria

Author, year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10
Iversen et al., 2019 yes yes yes yes yes yes yes yes yes yes
Vidal et al., 2022 yes yes yes yes yes no yes yes yes yes
Ritholz et al., 2014 yes yes yes yes yes no yes yes yes yes
Price et al., 2011 yes yes yes yes yes no no yes yes yes
Leung et al., 2021 yes yes yes yes yes yes yes yes yes yes
Ladd et al., 2022 yes yes yes yes yes no yes yes yes yes
Visentin et al., 2006 yes yes yes yes yes no yes yes yes yes
Hilliard et al., 2014 yes yes yes yes yes no yes yes yes yes
Garvey et al.,2014 yes yes yes yes yes no yes yes yes yes
Butalia et al., 2020 yes yes yes yes yes yes yes yes yes yes
Olsson et al., 2023 yes yes yes yes yes no yes yes yes yes
McDowell et al., 2020 yes yes yes yes yes no yes yes yes yes

Table 2 | Results of the critical appraisal of the included studies

Y: Yes; N: No; ?: Can't tell.
Adapted from Critical Appraisal Skills Programme (2018), https://casp-uk.net/wp-content/uploads/2018/01/CASP-Qualitative-Checklist.pdf



4 | CMP | Volume 3, Number 3 | 1–12

Review article 

22, 26]. Furthermore, only one study did not take ethics into 
consideration [21] (Table 2). The CERQual assessment of 
con�idence in individual review �indings showed that 5 
themes were graded as exhibiting high con�idence, whilst 3 
themes were graded as exhibiting moderate con�idence (Ta-
ble 4).

The integration of the results showed that different ado-
lescents with type 1 diabetes had more complex transition 
feelings and attitudes and encountered many challenges in 
the transition, as well as suggestions and expectations for 
the transition process.

Adolescents exhibit varying attitudes and 
emotions towards transitions

Attitudes towards transitioning among adolescents with 
type 1 diabetes were diverse, mainly categorized into two 
�ields: over-reliance on pediatric healthcare and unease 
about moving to adult healthcare, or a perception of transi-
tioning as a vital aspect of personal development, with an 
anticipation of further self-direction in adult healthcare.

Excessive attachment to pediatric care and concerns 
about transition to adult care

This subtheme is associated with a high degree of con�i-
dence

Most adolescents with type 1 diabetes form a robust re-
lationship with their health-care providers as a result of pro-
longed engagement in pediatric care. The pediatric team had 
a thorough understanding of the illness and provided cus-
tomized treatment and care. This familiarity led to adoles-
cents forming an excessive attachment to the pediatric set-
ting. Adolescents are concerned about losing this strong 
bond when transitioning to an adult health care setting [7], 
and as a result, some adolescents express a desire to con-
tinue to be seen in a pediatric setting when they reach to 
adults [18]. Many adolescents struggle to form a fresh rela-
tionship with the adult healthcare team [20], and the vague-
ness connected with transitioning to adult healthcare exac-
erbates the psychological burden on patients [22]. The 
stronger the relationship with pediatrics, the weaker the 
willingness to transition, and the greater the fear of adult 
healthcare providers, with a particular fear of losing close 
personal contact [7].

Figure 1 | Search flow diagram
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Author, year Country Aim Study design Data collection and 
analysis

Participants Setting

Iversen et al., 2019 Norway To explore how young adults 
with Type 1 diabetes 
experienced the  transition 
from pediatric to adult health 
care services.

Exploratory
qualitative
design.

Individual semi-
structured interviews, 
data were analysed 
using interpretive 
description.

11 young adults aged between 
19 and 23 years, had been living 
with diabetes for 9–19 years, 
and transitioned to adult care 
between 1 and 4 years before 
the study took place.

All but one interview
were held in a 
meeting room at the 
hospital.

Vidal et al., 2022 Spain Determine the expectations of 
young Type 1 diabetes patients 
prior to transfer;
Evaluate the transfer process 
between the 2 centres;
Evaluate the therapeutic 
education and care 
programme (TECP) in the 
adult centre from their point 
of view.

Qualitative
study.

Focus group and  
semi-structured  
interviews.

11 youths accepted to 
participate: 7 in Phase 1, 4 
repeated in Phase 2 and 4 
more transferred 2 years 
previously were added.

Hospital Sant Joan 
de Déu and Hospital 
Clínic de Barcelona. 

Ritholz et al., 2014 USA To explore perceptions that 
emerging adults with Type 1 
diabetes have of their patient-
provider  relationships  across  
the  transition  from  
pediatrics to adult care.

Qualitative
study.

Focus  groups. 26 emerging adults with Type 1 
diabetes. 

Not mentioned.

Price et al., 2011 UK To evaluate one such model 
indiabetes, the ‘Transition 
Pathway’ via interviews with 
young people who have 
experienced it first-hand.

Qualitative 
study.

Semi-structured 
interviews, framework 
approach.

11 young people opted to be 
interviewed, two of whom 
agreed toreturn again for a 
second interview. 

Not mentioned.

Leung et al., 2021 Canada To explore adolescent 
perspectives on program 
design in the transition to 
adult care.

Qualitative 
study.

Focus groups. 22 adolescents aged 16-18 with 
Type 1 diabetes.

Conference room in 
a  pediatrics 
diabetes clinic.

Ladd et al., 2022 Canada To detailed understand the 
perspectives of adolescents in 
their final year of pediatric 
care.

Qualitative 
study.

Semi-structured 
interviews,
thematic analysis.

61 adolescents with Type 1 
diabetes.

Academic 
institution.

Visentin et al., 
2006

Australia To develop  a  sustainable  
and  coordinated  approach  
to facilitating the transition 
between diabetes services for 
adolescents.

Qualitative 
study.

Focus groups. 21 diabetes health 
professionals and 10 
adolescents , aged between 15 
and 18 years who had been 
diagnosed with Type 1 diabetes 
for a minimum of 12 months. 

Health professionals 
were interviewed at 
their workplaces; 
eight adolescents 
were interviewed at 
the diabetes clinic, 
and two at home.

Hilliard et al., 2014 USA To understand the concerns,
expectations,preferences, and 
experiences of pretransition 
adolescents and parents 
andposttransition young 
adults.

Mixed 
research.

Semistructured 
interviews.

14 youths with Type 1 diabetes 
and 8 parents.

Not mentioned.

Garvey et al., 2014 USA To explore the experience of 
transition from pediatrics to 
adult diabetes care reported 
by posttransition emerging 
adults with Type 1 diabetes.

Qualitative 
study.

Focus groups, 
Thematic analysis.

26 Type 1 diabetes emerging 
adults.

Not mentioned.

Butalia et al., 2020 Canada To gain insight on how to 
improve the transition of 
youth with Type 1 diabetes 
from pediatrics to adult 
diabetes care from the 
patients' and parents' 
perspective.

Qualitative 
descriptive 
study.

Focus groups. 7 youth with Type 1 diabetes 
who were pre-transfer 
participated in group 1, 4 young 
adults with Type 1 diabetes 
who were posttransfer 
participated in group 2, and 3 
parents of youth with Type 1 
diabetes who had transferred 
from pediatrics to adult care 
participated in group 3.

Not mentioned.

Olsson et al., 2023 Sweden To explore young adults' 
experiences of living with Type 
1 diabetes in the transition to 
adulthood, including 
experiences of the transfer 
from pediatric to adult care.

Qualitative 
study.

Semi-structured 
interviews, qualitative 
content analysis.

10 young adults aged 19–
29 years.

Not mentioned.

McDowell et al., 
2020

USA To identify the barriers and 
facilitators adolescents face 
during their emerging adult 
years with Type 1 diabetes.

Qualitative 
descriptive 
study.

Individual interviews. 25 young adults aged 24–35, 
have a diagnosis of Type 1 
diabetes prior to
18 years of age.

Not mentioned.

Table 3 | General characteristics of the included studies
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“My concern mostly would be that [in adult care] we would 
lose a little bit of the personal connection with the doctors. [In 
pediatrics] I feel like it's a lot more, it's warm, and it's very 
friendly, so … I'm scared of it being very cold.” [7]

“I know that I will be seen in the Hospital Clinic, I mean, I 
imagine it as a hospital that is very … very cold.” [19]

Treating transition as a natural process and as an 
essential part of personal growth

This subtheme is associated with a moderate degree of 
con�idence.

Some adolescents with type 1 diabetes see the transition 
from pediatric to adult care as an inevitable process that is a 
standard part of the overall healthcare experience, requiring 
a move from a pediatric setting where everything is in place 
to continue to be seen and cared for in a more independent 
adult healthcare setting [19, 21]. Transition is a natural part 
of an individual's growth process and is expected [20]. Some 
adolescents with type 1 diabetes have a positive attitude to-
wards transition and look forward to the new medical envi-
ronment and care [20]. For adolescents, the transition to an 
adult healthcare setting is symbolic of both the transition to 
adulthood and the potential for full autonomy; adult health-

care settings often require independence in medical consul-
tations, and such health consultations without parental in-
tervention are attractive to some adolescents [19]. And the 
transition to an adult healthcare setting can help patients 
become more skilled at managing their diabetes au-
tonomously and practising self-care [7]. Additionally, some 
adolescents expect to make self-management decisions in-
dependently without the involvement of family members, 
whether or not they are mature enough to do so [8].

“I think it was a natural progression. It was just kind of 
what I thought. You move to the Boston area, go to col lege . . . 
so it’s not forced. It’s just the next logical step. (male, 24 years 
old, transitioned at age 18)” [20]

“I got it [i.e., the disease] at an early age. I suppose that's 
better than later. I was already managing my diabetes when I 
got to that age [i.e., the transition to adulthood] for that rea-
son. It was not a big deal—it was already part of my daily life.” 
[8]

Challenges of the transition process
Despite the proliferation of transition programmes now 

available, adolescents with type 1 diabetes continue to face a 
number of barriers to transition, including a shift in the pri-

Review finding Studies contributing to the 
review finding

CERQual
assessment

Adolescents exhibit varying 
attitudes and emotions 
towards transitions.

Excessive attachment to pediatric care and concerns 
about transition to adult care.

Iversen et al., 2019
Vidal et al., 2022
Ritholz et al., 2014
Leung et al., 2021
Ladd et al., 2022

High confidence

Treating transition as a natural process and as an 
essential part of personal growth.

Vidal et al., 2022
Ritholz et al., 2014
Price et al., 2011
Ladd et al., 2022
Olsson et al., 2023

Moderate confidence

Challenges encountered in 
the transition process

Changes in major disease management roles. Ritholz et al., 2014
Ladd et al., 2022
Visentin et al., 2006
Hilliard et al., 2014

High confidence

Differences between pediatric and adult medical 
facilities.

Iversen et al., 2019
Ritholz et al., 2014
Visentin et al., 2006
Olsson et al., 2023

Moderate confidence

Barriers to self-care in type 1 diabetes. Leung et al., 2021
Ladd et al., 2022
Garvey et al.,2014 
Olsson et al., 2023 
McDowell et al., 2020

High confidence

Recommendations and 
expectations for the 
transition process

Expectations of support from healthcare organisations. Iversen et al., 2019
Ritholz et al., 2014
Leung et al., 2021
Visentin et al., 2006
Garvey et al.,2014
Olsson et al., 2023

High confidence

Desire for help from peers. Leung et al., 2021
Garvey et al.,2014
Butalia et al., 2020
Olsson et al., 2023
McDowell et al., 2020

High confidence

Expectation of adequate medical information. Price et al., 2011
Leung et al., 2021
Ladd et al., 2022
Butalia et al., 2020

Moderate confidence

Table 4 | Summary of findings and CERQual assessments
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mary role of managing the disease, differences in healthcare 
providers before and after transition, and barriers to self-
management of their diabetes.

Changes in major disease management roles
This subtheme is associated with a high degree of con�i-

dence.
One signi�icant change during the transition of adoles-

cents with type 1 diabetes from pediatric to adult healthcare 
settings is the transfer of primary responsibility for manag-
ing the condition from the parent to the patient [23]. During 
pediatric appointments, parents typically serve as the main 
communicators and recipients of medical information, 
whereas the shift to adult healthcare necessitates personal 
medical consultations [20] Many adolescents Many 
teenagers report that it is harder to adjust to this sudden 
change in roles and to take on the responsibility of self-care 
for their illness independently [7], During their �irst ap-
pointment at an adult healthcare facility, they particularly 
appreciate having a parent present to offer the patient a 
sense of security. However, adolescents discussed the 
change in parental roles before and after the transition with 
their parents. They expected their parents to shift towards a 
monitoring and supportive role from merely ful�illing dia-
betes management tasks [24].

“I think that part of the issue with the adult endocrinolo-
gist versus the pediatrics is that when you’re a pediatrics pa-
tient, you have a parent there as well. And the parent is the ad-
vocate for the child whereas when you’re an adult, you’re your 
own advocate.” [20]

Differences between pediatric and adult medical 
facilities

This subtheme is associated with a moderate degree of 
con�idence.

It is well-established that there are distinct differences 
between pediatric and adult healthcare settings in terms of 
environment, atmosphere, staf�ing, medical equipment, 
methods of diabetes management, de�inition of responsibili-
ties and parental roles [23]; therefore, many adolescents do 
not receive relevant information about adult healthcare set-
tings prior to the transition, making it more dif�icult to adapt 
to the new environment. Many adolescent patients reported 
feeling well looked after whilst in pediatrics, whereas adult 
facilities were perceived as more distant and aloof, like a 
business arrangement [18, 20]. Adolescent patients also felt 
more at ease in pediatrics due to the regularity, frequency, 
and comprehensiveness of their follow-up appointments, 
where pediatric healthcare practitioners conducted thor-
ough evaluations and provided superior advice and guid-
ance. In contrast, follow-up appointments in adult outpa-
tient clinics were less consistent and less organized [18].

“It’s [adult care] less of the dictating and more of the col-
laboration, which has been good. . . . So, it’s more of a conver-
sation rather than a, “this is what you have to do” type of 
thing. So that’s been helpful.” [20]

“There was a great focus on everything that was regarded 
as positive at the pediatric clinic. But at the adult clinic, it was 
more like “Your HbA1c outcomes are bad and you are doing 
this and that wrong”. It led to me frequently leaving the clinic 
angry.” [8]

Barriers to self-care in type 1 diabetes
This subtheme is associated with a high degree of con�i-

dence.
After the transition, the majority of adolescents must 

manage diabetes on their own. Self-care for diabetes de-
mands additional effort and time from adolescents, leading 
to increased patient burden [22]. Some patients have re-
ported that self-care is awkward and they might even forget 
to take insulin because they are preoccupied with other ac-
tivities, rendering reminders ineffective [27]. The age of type 
1 diabetes diagnosis in adolescence is a crucial element in 
determining the patient's capacity for autonomous diabetes 
management. Patients diagnosed at a young age have suf�i-
cient time and experience to adjust to their condition and its 
management, while those diagnosed later face greater dif�i-
culty adapting to self-management responsibilities [7]. 

Furthermore, alcohol consumption poses a new chal-
lenge for both adolescents and adults. Patients must regu-
late blood glucose, avert nocturnal hypoglycemia, and esti-
mate glucose levels in drinks. Adult healthcare providers 
have cautioned patients against drinking alcohol, a harder 
management issue for some adolescent individuals. Socializ-
ing at parties which include alcohol is deemed signi�icant, 
even more so than controlling blood glucose [8].

Moreover, certain diabetes self-care practices are met 
with scrutiny, stigma, and discrimination, leading to an aver-
sion to prioritizing self-care needs [22]. Additionally, numer-
ous young adult patients express dif�iculties in juggling dia-
betes management with school, work, and other obligations, 
consequently impeding their transition. Many patients may 
experience feelings of being overwhelmed by the emergence 
of complications in patients with diabetes during their tran-
sition to an adult healthcare setting [25].

“That is a huge shock, when you come in and you see these 
elderly people with walkers and canes and everything, and 
you’re like […] OK […] is that going to be me in 6 years? Like, 
am I going to still be here? And it was kind of overwhelming to 
go from one end of the spectrum to the opposite.” [25]

“It was dif�icult �inding time to manage my health and 
school. I knew how to plan meals, cook them, etc.;however, just 
eating out all of the time or using a meal plan, like my peers, 
was not a good option. (26 years old, female)” [27]

Recommendations and expectations for the 
transition process
Expectations of support from healthcare organisations

This subtheme is associated with a high degree of con�i-
dence.

Most adolescents with type 1 diabetes desire assistance 
and support from both pediatric and adult providers before 
transitioning. A few of these patients have advised that adult 
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facility healthcare providers participate in the �inal pediatric 
clinic visit to establish face-to-face contact with their coun-
terparts and ensure seamless transmission of their medical 
information [18, 20]. Prior to transitioning to the adult facil-
ity, patients express a desire to visit the clinic to obtain infor-
mation about their new provider and surroundings. During 
the transition, healthcare professionals specializing in pedi-
atrics were involved in overseeing the transfer to the adult 
facility and subsequent care. They worked with the patient 
to monitor the transition's success and, if necessary, took ap-
propriate steps to ensure a seamless process [20]. Numer-
ous patients expressed a desire to consult with the same 
doctor during their appointments, which would boost their 
sense of security [18]. To ensure maximal support during 
their initial visit to an adult pediatric facility [25], patients 
proposed referral to diabetes nurses, educators and dieti-
tians during the transition process to an adult provider [23]. 
Adolescents should also commence transitioning as early as 
feasible, enabling them to become accustomed to engaging 
with an adult clinic [8]. Furthermore, due to certain equip-
ment being outdated or inaccessible, several patients are 
seeking novel support technologies for managing diabetes, 
including insulin infusion systems that assist in diabetes 
self-management [8].

Desire for help from peers
This subtheme is associated with a high degree of con�i-

dence.
Peer navigation and support are essential for adolescents 

undergoing the transition with type 1 diabetes. In pediatric 
healthcare settings, parents of adolescents frequently pro-
vide the required support for the patient. As transitioning 
adolescents mature and move away from parental in�luence, 
they seek alternative sources of support, recognizing the 
value of receiving treatment from people who have experi-
enced diabetes �irsthand [26]. Communicating with peers 
with type 1 diabetes provides a sense of empathy that can 
facilitate this support [22]. Simultaneously, a number of ado-
lescents believe that peer mentoring from emerging adults 
who have already undergone the healthcare transition 
would be an advantageous resource for support [25]. Addi-
tionally, exchanging insights about disease self-care and the 
transition process  could also prove to be bene�icial [26]. Al-
though many found it dif�icult to meet others with diabetes, 
those who were able to connect with peers through diabetes 
camps or social media found it helpful to have someone that 
related to their experience living with a chronic disease [27]. 
Several forms of peer support are now being modernized, 
with a few adolescents turning to digital communities like 
Facebook groups that contain Type 1 diabetes content or fol-
lowing Type 1 diabetes pro�iles on Instagram to offer sup-
port. However, the disadvantage is the scarcity of useful in-
formation provided. Healthcare professionals can utilize 
hospital resources to establish an internet-based platform 
for peer support and furnish expert knowledge to augment 
its effectiveness.

“I would have liked to have had some kind of support sys-
tem when I entered into adult care. I remember asking my 
doctor, ‘are there any other college students that are doing 
this as well?’ ” [25]

“I know some people with Type 1 diabetes and when I meet 
them, it's having somebody with the same disease as yourself. 
Somehow, you become different [when living with the disease], 
but when you meet these people, you're some kind of “normal”. 
I see people who I can speak to.” [8]

Expectation of adequate medical information
This subtheme is associated with a moderate degree of 

con�idence.
Suf�icient healthcare information and smooth transition 

processes are crucial for type 1 diabetes patients moving 
into adult healthcare settings. Notably, a considerable pro-
portion of adolescents have communicated a need for pre-
transition information prepare for the shift, and several oth-
ers have expressed an insuf�icient understanding of diabetes 
self-management [7, 26]. This lack of knowledge can impede 
prompt adaptation to the post-transition environment, re-
sulting in suboptimal self-care maintenance. There was vari-
ation in how different adolescents required access to health 
education knowledge. Therefore, it is recommended that 
health education be personalized, with some adolescents 
showing high support for online resources, while others pre-
fer written materials. Additionally, some viewed educational 
workshops with enthusiasm, while others found them remi-
niscent of school lessons [22]. Therefore, offering a range of 
health education materials based on individual require-
ments can enhance the acceptance by young people.

“Well I think it’s important not to generalize, you have to 
get to know the patient on a personal level before you can 
kind of tailor the advice for them and help them out in that 
way” [21]

Discussion
Organized and systematic healthcare transition from pe-

diatric to adult healthcare may be linked to better health 
outcomes and decreased acute care usage. Transition is a 
constantly evolving procedure and not just a transfer from 
pediatric to adult healthcare. An effective transition requires 
a personalized plan that takes into account the needs of the 
adolescent before the transition and involves the adolescent, 
parents, and healthcare providers in both pediatric and 
adult healthcare environments. This review presents the ex-
periences of patients with type 1 diabetes during the transi-
tion from adolescent to adult healthcare. During the pre-
transition period, adolescents exhibit complex attitudes to-
wards the transition with a coexistence of attachment, resis-
tance, and anticipation. Throughout the transition period, 
adolescent patients encounter a range of challenges. Finally, 
in the post-transition period, many patients provide sugges-
tions and have expectations after going through the transi-
tion.
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During the pre-transition period, adolescents exhibit in-
tricate attitudes towards transition. Some patients have con-
cerns about the timing of transition, which could be a con-
tributing factor. It is worth noting that recognized organiza-
tions, including the American Diabetes Association, are pro-
gressively recognizing the signi�icance of transition but do 
not provide universally standardized recommendations for 
transition timing or processes [28]. The National Health 
Care Transition Resource Centre recommends commencing 
transition education earlier, at approximately 14 years of 
age [29]. Nevertheless, the diagnosis and management tim-
ing of diabetes differ among patients, and their acceptance 
of the transition also varies. Additionally, adolescents and 
young individuals receiving care at the clinic vary between 
nations and regions, making a completely standard transi-
tion timing impractical. Transition ranges can be established 
to personalize the timing of transfer for patients within a 
sensible transition interval.

Comprehensive management of adolescents with type 1 
diabetes by pediatric healthcare professionals may result in 
over-reliance and an inclination to develop a habit of com-
plete dependence on care, leading to worries regarding an 
independent healthcare environment in adulthood. Negative 
attitudes towards transitioning can frequently pose a hurdle 
in the process of a seamless transition. Healthcare profes-
sionals in both healthcare organizations have a crucial role 
in preparing for patient transitions. Nursing staff, in particu-
lar, play an important role in providing health education for 
patients during the transition process. This study identi�ies 
abrupt transition processes as a primary hindrance, with the 
survey results demonstrating a lack of transition readiness 
in adolescents with chronic illnesses [30]. The Transition 
Assessment Tool was utilized pre-transition to appraise pa-
tients' capacity to manage medications, uphold appointment 
schedules, keep track of health concerns, communicate with 
healthcare providers, and ful�ill daily activities before the 
transition [31]. The tool then adjusted the transition time-
frame based on the patient's readiness for transition, guar-
anteeing optimum preparedness for the transfer. Adequate 
Transition Preparation developed the "On TRAck" assess-
ment instrument speci�ically for adolescents with type 1 dia-
betes. As a health care provider, you can choose the appro-
priate scale for your situation [32].

Upon transition to adult healthcare providers, adoles-
cents must assume autonomous responsibility for managing 
their illnesses. Results from a US study indicate that over a 
period of 6 months, parents and adolescents reported a de-
crease in glucose monitoring frequency and an increase in 
hemoglobin A1C as the primary responsibility for type 1 dia-
betes management transferred to the adolescent [33]. Fol-
lowing the transition, some parents found it dif�icult to relin-
quish their primary role in managing their child's diabetes 
due to concerns about their adolescent's ability to self-man-
age. A qualitative study in Ireland revealed that parents per-
ceived a continued need to be involved in the management 
of type 1 diabetes despite this not being included in the tran-
sition plan [34]. However, for a smooth and successful tran-

sition for the adolescent patient, it is essential for parents to 
transfer the responsibility for diabetes management to their 
adolescents at the earliest opportunity and adapt to the 
changing dynamic of the parent/adolescent relationship. 
However, according to a phenomenological study [35], many 
adolescent patients have poor diabetes self-management 
skills. They encounter various challenges in managing their 
diabetes, such as misunderstandings about glycaemic con-
trol, con�licts when relying on or dissociating from parental 
glycaemic control, interruptions in glycaemic control due to 
changes in plans, and a lack of motivation for glycaemic con-
trol. These challenges are comparable to some of the inte-
grative �indings of this study. Some teenagers reported expe-
riencing unease during the transition. They experienced a 
loss of security once their parents no longer took charge, 
and found it tough to remember all the numerous duties that 
came with treatment once they did not receive any prompt 
from their parents [36].

Therefore, the transition between healthcare providers 
ought to be more than a mere transfer; it should involve a 
handover of crucial management responsibilities. As the pri-
mary executor of the transition plan, the caregiver plays a 
pivotal role in instructing the adolescent on how to achieve 
self-management; hence it is vital to select an appropriate 
and effective care model. A systematic assessment of models 
of care transition for type 1 diabetes identi�ied three pri-
mary models of care: structured transition education pro-
grammes, multidisciplinary team transition support, and 
telemedicine/virtual care [11]. The results revealed that 
some of the transition models offer health and psychosocial 
advantages, leading to improved health outcomes such as 
better glycaemic control, increased regular appointment at-
tendance, and fewer emergency department visits and re-
views. Nevertheless, a portion of these studies yielded no 
advantages. This indicates that as the creator of a transition 
of care plan, it is crucial to methodically implement and as-
sess the transition procedure to boost patient health out-
comes and guarantee a seamless transition.

Adolescents diagnosed with type 1 diabetes possess sev-
eral expectations concerning the transition process. Accord-
ing to the �indings of this study, adolescents anticipate an ac-
curate transfer of patient information regarding the illness 
from pediatric to adult healthcare professionals. Adequate 
information on diabetes is also expected from healthcare 
providers. Adolescents acknowledge that taking responsibil-
ity for their diabetes involves greater understanding and 
pro�iciency. Before the transition, parents are usually in-
formed about diabetes management and education. How-
ever, following the transition, it is essential to be familiar 
with dealing with new situations, such as regulating blood 
glucose levels when consuming different foods, adjusting in-
sulin doses during physical activity or alcohol consumption, 
and other scenarios. Not only does this facilitate teenagers 
in acquiring adequate knowledge about diabetes manage-
ment, but it also boosts parents' con�idence in their autono-
mous management. The study  scrutinizes the opinions of 
healthcare professionals who specialize in diabetes care and 
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education on the transition to adult healthcare services for 
adolescents with type 1 diabetes，highlights the signi�i-
cance of smooth healthcare transition from pediatrics to the 
adult healthcare sector for adolescents suffering from type 1 
diabetes [37]. 

Although the present study provides a comprehensive 
overview of the transition from pediatric to adult healthcare 
for individuals with type 1 diabetes，the participants in-
cluded in our study comprised adolescents or emerging 
adults with type 1 diabetes at varying stages of pre-transi-
tion, transition, and post-transition, but the evidence was 
not categorized during the evidence summary, which may 
have implications for the feasibility of some of the evidence. 
In addition, the study incorporated a broad spectrum of lit-
erature from various years, with certain sources being 
dated. This may not align with the contemporary state of 
type 1 diabetes transition, potentially impacting the study's 
outcomes.

Implications for Practice and Research
The study �indings highlight that young individuals suf-

fering from type 1 diabetes encounter several challenges 
when transitioning into adulthood. Insuf�icient support from 
healthcare providers, families, and peers during the transi-
tion phase, combined with the patient's reluctance to 
change, can adversely impact an adolescent's transition ex-
perience. This, in turn, may impede their ability to ef�iciently 
assume new disease management responsibilities and po-
tentially result in ineffective diabetes management during 
and post-transition, as well as the development of diabetes-
related complications. Before the transition of adolescents, it 
is advisable for pediatric healthcare providers to communi-
cate with their patients beforehand to notify them about the 
transition requirements. Simultaneously, healthcare 
providers for both pediatric and adult patients should for-
mulate a communication channel that enables adolescent 
patients to comprehend adult healthcare providers' situa-
tion promptly, eliminate concerns and apprehensions re-
garding the patients' transition and guarantee the precise 
conveyance of the patient's condition between the two 
healthcare providers. Furthermore, it is advised that pedi-
atric healthcare professionals gradually initiate patients into 
diabetes self-care, instruct them on diabetes self-manage-
ment strategies, and aid patients in promptly identifying 
symptoms relating to diabetic complications to enable 
timely decisions and effective control of the condition. As 
parents of patients are the primary caregivers and responsi-
ble for medical consultations until adulthood, patients must 
transition to independence as soon as possible. However, 
some parents are accustomed to overprotecting their chil-
dren and �ind it dif�icult to adjust their roles, particularly 
when it comes to the patients' independent management of 
diabetes. Therefore, it is recommended that healthcare pro-
fessionals explain the self-care requirements to patients' 
parents while also educating the patients. Healthcare profes-
sionals are advised to communicate information regarding 

diabetes self-care to patients, as well as to enlighten the par-
ents of patients that their role must transition from the pri-
mary management of the disease to that of supporting and 
nurturing adolescents at the earliest opportunity. The �ind-
ings of this research emphasize the vital signi�icance of peer 
support during the transition and advise healthcare organi-
zations to establish both online and of�line peer support 
groups to offer an effective communication forum for young 
people with diabetes. It is also advised that healthcare pro-
fessionals lead peer communication sessions to provide 
adept responses to concerns regarding the disorder, in order 
to ensure an unobstructed transition for adolescents.

Conclusion
This review synthesizes the experiences and feelings of 

adolescents with diabetes as they transition from pediatric 
to adult healthcare settings, with patients having different 
attitudes to the transition. During the transition, individuals 
may encounter obstacles such as adapting to new disease 
management roles, uneasiness due to dissimilarities among 
adult healthcare professionals, and managing their diabetes 
independently. In the aftermath of the transition, several 
adolescents convey their hopes and aspirations for motiva-
tion and aid from pediatric and adult healthcare providers, 
parents, peers, and other support systems.
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Nasopharyngeal carcinoma (NPC) refers to a malignant 
tumor originating from the epithelium of the nasopharyn-
geal mucosa, predominantly occurring in southern China re-
gions such as Hunan, Guangzhou, and Fujian, with its inci-
dence ranking first among head and neck malignancies [1]. 
Most initially diagnosed NPC patients present at intermedi-
ate or advanced stages. Concurrent radiotherapy and 
chemotherapy serve as effective treatment modalities for 
these patients; however, the therapeutic regimens are asso-
ciated with significant side effects, reduced patient toler-
ance, and high recurrence rates, posing major challenges in 
clinical management [2]. Currently, traditional Chinese 
medicine (TCM) demonstrates notable advantages in treat-
ing head and neck tumors through mitigating the toxic side 
effects of radiotherapy and chemotherapy, enhancing pa-
tients' immune function, and consequently markedly im-
proving their quality of life [3]. Syndrome differentiation 
and treatment constitute a distinctive TCM diagnostic and 
therapeutic approach, serving as the cornerstone for effec-
tive tumor management. TCM's syndrome differentiation 

methodology integrates various theories, including the Eight 
Principles syndrome differentiation and visceral-meridian 
syndrome differentiation, to identify the disease site, etiol-
ogy, and pathogenic relationships, thereby establishing com-
prehensive syndrome patterns and corresponding therapeu-
tic principles [4]. The essence of TCM syndrome differentia-
tion lies in achieving a holistic understanding of disease 
pathogenesis, symptoms, and signs to formulate targeted 
prescriptions addressing primary pathogenic factors. How-
ever, standardized TCM syndrome classification criteria for 
NPC remain inconsistent, with variations in treatment pro-
tocols and pharmacological approaches. Moreover, syn-
drome manifestations at pre- and post-surgical or chemora-
diotherapy may vary depending on individual physiological 
differences, underscoring the critical importance of syn-
drome differentiation in guiding TCM-based treatment 
strategies. In recent years, numerous scholars have con-
ducted in-depth investigations into the correlation between 
TCM syndrome patterns and modern medicine in NPC. 
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Pathogenesis of NPC in TCM 
There is no specific description of "NPC" in traditional 

Chinese medical literature. Based on the clinical symptoms 
described in modern medicine and their correspondence 
with ancient medical texts, it can be termed as "epistaxis," 
"nasal abscess," "upper stone carbuncle," "depletion of vital 
energy," "scrofula," "loss of vitality," "malignant nodule," or 
"true headache." Shigong Chen of the Ming Dynasty de-
scribed it in The Authentic Treatise on Surgery [5]: "Over 
time, the lesion gradually enlarges, becoming hard like 
stone; it does not move when pushed or pressed. Alterna-
tively, it may swell like a lotus flower, emitting foul odor con-
tinuously day and night." Bingjun Gao of the Qing Dynasty 
noted in Collected Insights on Ulcerology [6], "Similar to a 
tree losing its vitality..., It arises around the ears and neck, 
gradually enlarging followed by dull pain, chest tightness, 
and irritability..." Qian Wu of the Qing Dynasty stated in The 
Golden Mirror of Medicine [7], "Yellow, turbid nasal dis-
charge flows continuously... If it persists without healing...". 
Regarding the pathogenesis of NPC, Shigong Chen explained 
in The Authentic Treatise on Surgery [5] that it results from 
"the stagnation of stagnant fire, leading to phlegm obstruc-
tion and subsequent accumulation"; Collected Insights on 
Ulcerology [6] attributed it to "depletion of vital energy and 
drying up of collateral vessels"; Zhang's Medical Compen-
dium [8] described it as "vital energy depletion due to pro-
longed consumption of expensive foods followed by frugali-
ty—even without exposure to pathogens, essential fluids are 
gradually lost, resulting in internal depletion of vital en-
ergy"; while Ma Pei's Surgical Cases [9] linked it to "defi-
ciency of liver and spleen vitality." After reviewing ancient 
medical literature on NPC, Xiaojun Zhou concluded that the 
fundamental cause lies in deficiency of vital qi; when this de-
ficiency is compounded by invasion of external pathogens or 
emotional distress, it further weakens vital qi, ultimately 
leading to "deficiency of vitality and drying up of collateral 
vessels" and death [10].

Currently, different scholars of TCM hold varying inter-
pretations regarding the pathogenesis of NPC, but their dis-
cussions generally revolve around phlegm, blood stasis, defi-
ciency, and toxicity. Wei Hou [11] posited that the primary 
pathogenesis of NPC is "yin deficiency with toxin accumula-
tion," where the body lacks nourishment, allowing patho-
genic factors to invade. The essence lies in the disruption of 
the dynamic balance of "yin equilibrium and yang secretion" 
in the human body; thus, the therapeutic principle should 
prioritize replenishing qi and nourishing yin, supplemented 
by clearing heat and resolving phlegm. Xiaojun Zhou et al. 
[12] concluded that the pathogenesis of NPC involves "fail-
ure of Yangming to descend based on the theory of the Five 
Phases and Six Qi", it means that the failure of Yangming to 
descend causes fire to rise upward, leading to dryness-heat 
in the upper jiao. The treatment approach should focus on 
descending Yangming and tonifying the spleen and stomach. 
Yueheng Li [13] argued that the fundamental pathogenesis 
of NPC is "deficiency of the root and excess of the branch", 
where deficiency of healthy qi serves as the root cause, while 

phlegm, blood stasis, and toxins interact as the branch mani-
festations. And this should be addressed differently across 
stages, patients during chemotherapy, radiotherapy, or/and 
surgery, exhibit intense heat-toxin accumulation and qi-yin 
deficiency, requiring that the treatment focuses on tonifying 
the spleen and replenishing qi. During recovery, patients suf-
fer from dual deficiency of yin and yang, necessitating efforts 
to restore healthy qi. At post-treatment, the patients occur 
with coexisting phlegm-blood stasis when disease recur-
rence or metastasis, the treatment should emphasize soften-
ing hard masses and dispersing nodules. Comprehensive 
analysis of these TCM perspectives revealed that deficiency 
of healthy qi and generation of internal toxins are pivotal 
factors in NPC pathogenesis. Dysfunction of visceral organs 
and qi stagnation with phlegm condensation lead to the ac-
cumulation of various pathological products, such as tumor-
forming factors, which aligns with classical TCM theories. 
Professor Daofa Tian [14], drawing on years of clinical expe-
rience, posited that most diseases in the human body, in-
cluding tumors, are closely associated with a qi-deficient 
constitution from innate constitutional differences. This 
condition involves an inherent deficiency of the body's vital 
qi and the endogenous generation of pathogenic toxins. The 
interaction between these factors leads to progressive de-
pletion of vital qi and the accumulation of internal toxins, 
producing pathological products such as phlegm and blood 
stasis, thereby triggering disease onset. This constitutes the 
fundamental basis of Professor Tian's independently devel-
oped "qi-deficiency and toxin accumulation" theory. In this 
framework, the qi-deficient constitution serves as the root 
cause of disease; dysfunction of the visceral organs and dis-
ruption of yin-yang balance act as internal factors inducing 
toxin endogenesis, while external exposure to pathogenic 
toxins constitutes the external factor. The combined impact 
of these internal and external factors drives the continuous 
progression of the disease.

Guidelines for TCM Syndrome Types in 
NPC Patients

Due to regional differences and various understandings 
among medical practitioners regarding the pathogenesis of 
NPC, the established TCM syndrome differentiation guide-
lines have not been standardized, leading to discrepancies in 
treatment methods and herbal formulations. Moreover, the 
clinical manifestations of the patients may change after 
treatments such as radiotherapy, chemotherapy, or surgery. 
Therefore, the TCM principle of syndrome differentiation 
and treatment is crucial for guiding the patient manage-
ment. The 2008" Guidelines for TCM Diagnosis and Treat-
ment of Oncology" [15], issued by the China Association of 
Chinese Medicine, classified NPC patients into four syn-
drome patterns: Heat Pathogen Invading the Lungs Syn-
drome, Liver Stagnation with Phlegm Condensation Syn-
drome, Blood Stasis Obstructing Collaterals Syndrome, and 
Qi-Yin Deficiency Syndrome. The guidelines categorize NPC 
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patients under traditional TCM classifications such as "Nasal 
Discharge," "Tinnitus Syndrome," "Superior Stone Gan-
grene," and "Deficiency of Vital Energy." Its primary clinical 
symptoms include epistaxis, rhinorrhea, tinnitus, and 
headache, it is accompanied by dry mouth and fever. The 
core TCM therapeutic principles are: aggressive treatment in 
the early stage, a combination of aggressive and tonifying 
therapy in the middle stage, and tonifying therapy in the ad-
vanced stage, all guided by the principle of detoxification 
and collateral dredging. The 2011 edition of "Traditional 
Chinese Medicine Oncology," edited by Daihan Zhou [16], 
further classified nasopharyngeal carcnoma into four sub-
types: Lung Heat with Phlegm Condensation, Qi Stagnation 
with Phlegm Stasis, Internal Fire-Toxin Obstruction, and Qi-
Yin Deficiency. Zhou emphasized that NPC originates in the 
nasopharynx, the respiratory tract closely linked to internal 
organs. The lungs govern qi and open into the nose; internal 
heat obstruction impairs lung qi circulation, causing nasal 
congestion and cough; ascending fire transforms fluids into 
phlegm, resulting in foul-smelling nasal discharge; heat 
scorches collaterals, forcing blood out of its channels, lead-
ing to epistaxis. Concurrent emotional disturbances exacer-
bate liver qi stagnation and internal fire-toxin obstruction, 
potentially causing headaches and hearing loss. When 
phlegm-fire obstructs collaterals and forms masses, cervical 
phlegm nodules may develop hard as stones and progres-
sively enlarge over time. Therefore, the pathogenesis of NPC 
is closely related to functional disorders of organs such as 
the lungs and liver. Clinically, the patients with NPC often 
present with a mixture of deficiency and excess patterns: 
nasal obstruction due to impaired lung qi circulation; 
hemoptysis or epistaxis caused by lung fire scorching the 
collaterals and forcing blood out of its normal pathways; 
hearing loss and tinnitus resulting from liver-gallbladder 
fire stagnation; headache induced by qi rebellion ascending; 
and neck masses formed by phlegm-stasis and blood stasis. 
Thus, clinical treatment should differentiate between defi-
ciency and excess patterns, employing therapeutic princi-
ples such as clearing heat and toxins to resolving stasis and 
unblock collaterals, and to replenish qi and nourishing yin 
[17]. In 2016, the report edited by Tian Daofa [18] classified 
NPC patients into five syndrome types: qi-blood stasis with 
blockage at the Hals (pharyngeal region), excessive fire-
toxin accumulation causing stagnation at the Hals, dual defi-
ciency of qi and yin with pathogenic stagnation at the Hals, 
equilibrium between pathogen and healthy qi leading to 
pathogenic stagnation at the Hals, and qi-yang deficiency 
with pathogenic toxin dissemination. Through observing 
tongue manifestations and analyzing constitutional profiles 
of newly diagnosed NPC patients, Tian et al identified qi de-
ficiency with toxin invasion as the primary TCM pathogene-
sis. By integrating congenital genetic factor and virulence 
characteristics of Epstein-Barr virus (EBV) infection, he es-
tablished a pathogenic axis involving "innate constitution–
physical constitution–latent pathogens–new external infec-
tions interacting", which holds significant clinical implica-
tions for medication guidance in NPC patient management.

TCM Syndrome Differentiation and 
Classification in NPC Patients
TCM constitution-related syndromes in NPC 
patients

The incidence of NPC exhibits a gender bias and is influ-
enced by genetic factors, diet, and lifestyle habits [19, 20]. 
TCM categorizes this comprehensive disease pattern under 
the framework of TCM constitution theory. In recent years, 
significant progress has been made in basic research on con-
stitution-related theories and clinical trials involving consti-
tutional regulation interventions for NPC. Variations in pa-
tient constitutions exert distinct impacts on TCM diagnosis 
and treatment; thus, constitution investigations hold sub-
stantial scientific significance for the prevention, diagnosis, 
and management of NPC through TCM approaches.

In 2002, Zhou et al. developed the initial constitution sur-
vey questionnaire based on the constitutional clustering 
analysis results conducted by He et al. They systematically 
investigated NPC patients and their families according to 
normal or abnormal constitutions (including weak constitu-
tion and dysregulated constitution) [21]. Through multiple 
regression analysis, they identified weak constitution as a 
significant risk factor for familial genetic etiology of NPC. In-
fluenced by Tian's theory of "qi deficiency with toxin accu-
mulation", they reclassified weak constitution as qi defi-
ciency constitution, focusing particularly on the progression 
of cancer driven by qi deficiency [22, 23]. As constitutional 
advanced studies, a series of classification criteria, including 
constitutional syndromes, were established with additional 
composite constitutions such as damp-heat and deficiency-
stasis incorporated [24]. Subsequent studies revealed that 
high-risk NPC populations predominantly exhibited qi defi-
ciency constitution; most NPC patients displayed dysregu-
lated constitution; and post-radiotherapy cases often exhib-
ited composite constitutions involving qi deficiency mixed 
with phlegm, heat, and dampness, demonstrating that con-
stitutional changes permeate the entire course of NPC devel-
opment [25]. The clinical study on NPC patient constitu-
tional syndrome scores found that qi deficiency constitution 
predominates among precancerous lesions, while composite 
constitutions were more common in post-treatment pa-
tients [26]. This classification aligns well with the constitu-
tional characteristics of the Lingnan population, where qi 
deficiency constitution ranked highest in traditional Chinese 
medicine constitution scales [27], indicating that NPC con-
stitutional classification reflects disease progression pat-
terns and exhibits regional correlations with affected popu-
lations.

Epstein-Barr virus (EBV) exhibits a close association 
with NPC. Epidemiological analyses of the constitution of 
EBV-infected individuals revealed that EBV-positive popula-
tions predominantly exhibit a qi-deficient constitution. 
Upon EBV invasion, the immune system promptly activates 
to eliminate the virus, manifesting as symptoms such as 
fever and sore throat due to the interaction between patho-
genic and healthy qi. In cases of compromised or impaired 
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immune function, EBV may remain latent within the body, 
presenting as EBV infection, a condition where TCM charac-
terizes the constitution as qi-deficient. Without proper regu-
lation, this may progress NPC. The entire process of EBV la-
tency leading to carcinogenesis aligns closely with the TCM 
principle of "deficiency harboring pathogenic factors" [28]. 
Yang et al., through analysis of the constitution of EBV-posi-
tive individuals, identified qi-deficient and yang-deficient 
constitutions as the predominant patterns among these pa-
tients, and they applied constitutional intervention therapy 
to the early management of NPC patients [29].

The constitutional theory of NPC exhibits a certain corre-
lation with genetic factors. With science and technology de-
velopment, fundamental investigation on this theory has be-
come increasingly robust. Some studies have revealed signif-
icant proteomic differences among individuals with distinct 
constitutions in NPC [30]. Notably, microRNA profiles differ 
markedly between patients with qi-deficient constitution 
and those without qi-deficient constitution, with the former 
exhibiting a promoting effect on malignant behavior of can-
cer cells [31]. He et al. employed gene recombination tech-
nology to construct a dual-gene eukaryotic expression vec-
tor targeting human p53 protein and EBV latent membrane 
protein 1 for investigating the qi-deficient constitution in 
NPC. Animal experiments demonstrated that, compared to 
the control group, 117 genes in the nasopharyngeal epithe-
lium of the rats with qi-deficient constitution exhibited dif-
ferential expression, including interleukin-1β and glu-
tathione synthase [32]. Cheng et al. induced rat with qi-defi-
cient constitution NPC using dinitrophenylpiperazine (DNP), 
finding a significantly higher incidence of cancer cases in the 
qi-deficient group compared to the DNP-only induction 
group, indicating a close association between NPC develop-
ment and the qi-deficient constitution [33].

Evolutionary patterns of TCM syndrome types in 
patients with NPC undergoing radiotherapy and 
chemotherapy

Currently, due to the significant divergence between 
modern lifestyles and dietary patterns from those described 
in ancient Chinese medical texts, the diagnosis and treat-
ment of this disease require not only reliance on the experi-
ence of traditional physicians but also integration with mod-
ern medical technologies. Modern clinicians advocate that 
the pathogenesis of NPC under TCM should be analyzed in 
conjunction with different stages of radiotherapy and 
chemotherapy. Wu et al. [34, 35] posited that the pathogenic 
mechanism of NPC involves carcinogenic toxins, deficiency 
of vital qi, progressive impairment of vital qi following mul-
tiple radiotherapy sessions, with dual deficiency of qi and 
yin as the root cause and the interplay of phlegm, stasis, and 
toxins as the clinical manifestation; thus, treatment should 
prioritize nourishing yin and clearing heat while addressing 
liver and kidney function, along with anticancer and detoxi-
fication therapies. Xu et al. [36] emphasize that early-stage 
NPC management should focus on eliminating pathogens 

through medications that resolve phlegm, dissipate masses, 
remove stasis, and clear heat, whereas advanced-stage treat-
ment should prioritize reinforcing vital qi, with the thera-
peutic key lying in "regulating qi and blood circulation and 
balancing yin and yang" through using herbs to tonify lung 
yin and nourish kidney fluids. Sun et al. [37] identified the 
core pathogenesis as initial deficiency of vital qi followed by 
accumulation of phlegm-heat, internal obstruction by toxic 
heat, and subsequent tumor formation. Post-radiotherapy 
complications primarily warrant treatment principles cen-
tered on "clearing heat and promoting fluid production." 
Currently, radiotherapy remains the primary treatment for 
NPC patients, often accompanied by vital qi deficiency and 
spleen-kidney impairment. He et al. [38] asserted that 
spleen-kidney deficiency constitutes the fundamental etiol-
ogy of NPC, with clinical and pathological manifestations 
predominantly including heat-toxin and blood stasis. Li et al. 
[39] contended that post-radiotherapy complications such 
as throat dryness are closely associated with spleen-stom-
ach dysfunction, rooted in yin deficiency and accompanied 
by symptoms of heat-toxin, phlegm-turbidity, and blood sta-
sis. Chen et al. [40] posited that the toxic and adverse reac-
tions in NPC patients after radiotherapy are attributed to 
pathogenic mechanisms involving excessive heat-toxin, yin 
deficiency with dryness-heat, spleen-stomach qi deficiency, 
and latent pathogenic factors. Treatment should focus on re-
inforcing healthy qi, eliminating pathogens, promoting fluid 
production, and replenishing qi. Lin et al. [41, 42], from a 
TCM meridian perspective, analyzed that NPC involves the 
liver and lung organs, with its primary pathogenesis being 
pathogenic heat invading the lungs and liver qi stagnation 
leading to phlegm coagulation. Therapeutic approaches 
should emphasize lung ventilation to clear heat and nourish-
ing the liver and kidneys. Huang et al employed systematic 
cluster analysis to investigate the patterns of TCM syndrome 
changes in NPC patients at pre- and post- chemoradiother-
apy, revealing that these syndromes undergo continuous 
evolution from predominantly excess patterns to deficiency 
patterns or mixed patterns, while emphasizing that both 
chemoradiotherapy and radiotherapy introduce "toxic 
pathogens" that exacerbate systemic "deficiency, toxicity, 
and blood stasis" [43]. Pan et al. suggested that post-
chemoradiotherapy patients typically present with dual qi-
yin deficiency and internal blood stasis-toxicity accumula-
tion, advocating treatments aimed at replenishing qi and yin 
while resolving stasis and dispersing nodules [44]. Chen et 
al. concluded that post-chemoradiotherapy manifestations 
primarily involve dual qi-blood deficiency, necessitating 
"dual supplementation of qi and yin" as the therapeutic prin-
ciple [45]. These studies collectively indicate that the core 
pathogenesis of NPC involves fundamental deficiency with 
superficial excess and impaired healthy qi. Post-treatment, 
patients often experience qi depletion and fluid loss, com-
pounded by upper-jiao dryness-heat and middle-jiao defi-
ciency-cold, resulting in complex pathological mechanisms 
characterized by concurrent cold-heat manifestations, such 
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as phlegm-heat interaction and phlegm-dampness stagna-
tion.

Correlation between pathological staging and 
TCM syndrome differentiation in NPC patients

Zhang et al. found that in NPC patients, as the TNM 
pathological stage advanced, the syndrome patterns evolved 
from "fire-toxin stagnation type" to "qi deficiency congealing 
type", and further to "deficiency of healthy qi with toxin re-
tention type" [46]. Li et al. observed that, with increasing 
pathological stages, the syndrome patterns progressed from 
"pathogenic heat obstructing the lungs type" to "phlegm-tur-
bidity accumulation type," and then to "blood stasis with 
phlegm coagulation type" [47]. Zhou et al. demonstrated a 
negative correlation between pathological stages and the 
lung-heat predominance type or qi stagnation with phlegm 
coagulation type, while showing a positive correlation with 
blood stasis obstructing collaterals type or yin deficiency 
with fire hyperactivity type [48]. These findings indicate 
that phlegm, blood stasis, and heat are consistently present 
throughout all pathological stages of NPC; the lung-heat pat-
tern is predominantly observed in early-stage cases, 
whereas intermediate and advanced-stage patients typically 
exhibit deficiency of healthy qi accompanied by mutual en-
tanglement of phlegm and blood stasis.

Correlation between prognostic indicators and 
TCM syndrome differentiation types in NPC 
patients

The study found that serum C-reactive protein (CRP) lev-
els exhibit a certain correlation with the TCM syndrome dif-
ferentiation patterns in newly diagnosed NPC patients. 
Specifically, CRP levels from low to high correspond to the 
following patterns: heat pathogen invading the lungs type, 
liver qi stagnation with phlegm obstruction type, dual defi-
ciency of qi and yin type, and blood stasis obstructing collat-
erals type [49]. Gao et al. observed that, among patients with 
different TCM syndrome types, those with blood stasis ob-
structing collaterals type exhibited higher serum TGF-β1 ex-
pression levels, suggesting a potential association with 
poorer prognosis [50]. Li et al. reported that newly diag-
nosed NPC patients predominantly presented with phlegm-
turbidity accumulation syndrome or qi-blood stasis syn-
drome. The patients with qi-blood stasis syndrome showed 
higher serum EGFR levels compared to other syndrome 
types, leading to the conclusion that their prognosis may be 
worse [51]. Yan et al. found that the patients with phlegm-
turbidity accumulation syndrome or deficiency with toxic 
stagnation syndrome exhibited higher EGFR expression lev-
els in NPC tissues than those with qi-blood stasis syndrome 
or fire-toxicity accumulation syndrome, indicating poten-
tially poorer prognosis for these groups [52]. Li et al. demon-
strated that patients with phlegm-turbidity internal obstruc-
tion syndrome had higher VEGF expression in tumor tissues, 
while post-radiotherapy/chemotherapy patients with 

phlegm-stasis and qi stagnation syndrome exhibited the 
highest VEGF levels in tumor tissues [53].

TCM syndrome differentiation and typing therapy 
for NPC

There is no unified standard for the TCM syndrome dif-
ferentiation and classification of NPC patients. Based on pre-
vious reports, the patterns can be summarized as follows: 
Lung Heat Excess Pattern (with the primary treatment prin-
ciple being lung ventilation and heat clearance), Liver Stag-
nation with Phlegm Condensation Pattern (with the main 
therapeutic approach being liver regulation and depression 
relief), Qi Stagnation with Blood Stasis Pattern (with key 
treatments including liver regulation, qi circulation im-
provement, stasis resolution, and nodule dispersion), Qi-Yin 
Deficiency Pattern (with emphasis on qi replenishment and 
yin nourishment), and Qi-Blood Deficiency Pattern (with fo-
cus on qi and blood supplementation). Guo et al. posited that 
NPC patients exhibited deficiency of vital qi, with prolonged 
accumulation of pathogenic toxins leading to cancer devel-
opment. Therefore, the therapeutic principle should empha-
size heat-clearing, yin-nourishing, and fluid generation, of-
ten employing herbs such as honeysuckle (Lonicera japon-
ica) and forsythia (Forsythia suspensa) for heat-clearing and 
detoxification [54]. Jia et al. argueed that post-radiotherapy 
NPC patients resembled those with warm-heat syndromes, 
thus frequently prescribing Wuwei Xiaodu Decoction com-
bined with Yangyin Qingfei Decoction to tonify lung qi, 
achieving excellent efficacy [55]. Based on extensive clinical 
experience, Zhang et al identified that advanced-stage NPC 
most commonly presents dual qi-yin deficiency, particularly 
in the patients treated with radiotherapy and chemotherapy. 
Consequently, late-stage patients often receive herbs such as 
Rehmanniae Radix (Shengdi), Pseudostellariae Radix (Taizi 
Shen), Scrophulariae Radix (Yuanshen), and Hedyotis diffusa 
(Baihua Shecao) for their heat-clearing, detoxifying, yin-
nourishing, and fluid-promoting properties [56]. Tian et al. 
developed a qi-tonifying and detoxifying formula grounded 
in the "qi deficiency with toxin accumulation" theory, 
demonstrating remarkable therapeutic efficacy in treating 
NPC patients [57]. The study found that the Yiqi Jiedu For-
mula can induce autophagy in NPC cells by inhibiting the 
PI3K/AKT/mTOR signaling pathway [58]; suppress NPC cell 
proliferation by downregulating the Wnt/β-catenin signal-
ing pathway [59]; and regulate the proliferation, migration, 
and apoptosis of NPC stem cells by inhibiting the CD44/Ras 
signaling pathway [60]. Zou et al. employed network phar-
macology and bioinformatics techniques to demonstrate 
that the Yiqi Jiedu Formula may treat NPC through signaling 
pathways such as TNF and NF-κB [61]. These findings high-
light the significant advantages of TCM syndrome differenti-
ation in treating NPC, where tailored medication based on 
distinct TCM syndromes helps stabilize tumor growth, en-
hance patients 'immune function, mitigate the toxic side ef-
fects of radiotherapy and chemotherapy, alleviate clinical 
symptoms, and improve patients' quality of life.
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Summary and Prospects
Differential diagnosis and treatment constitute the core 

of TCM. Accurate "differential diagnosis" guiding appropri-
ate "treatment" is a critical guarantee for achieving optimal 
clinical efficacy. The disease names used in ancient TCM 
texts primarily reflect specific symptoms, differing from 
those in modern medicine, leading to the phenomenon of 
multiple disease names for a single condition. Although ad-
vancements in technology have expanded human under-
standing of diseases, the traditional TCM diagnostic ap-
proach relies predominantly on clinicians' experience in as-
sessing disease patterns, resulting in a lack of objectivity in 
TCM differential diagnosis. Currently, there is no unified 
standard for TCM differential diagnosis criteria for NPC pa-
tients, and different practitioners derive varying conclusions 
and recommendations based on their clinical experience 
and invastigation. In recent years, the application of big data 
statistical analysis to clinical data, including retrospective 
and prospective studies, has gradually reduced variations in 
TCM clinical practice caused by geographical or dietary fac-
tors, thereby providing a more objective and accurate repre-
sentation of TCM syndrome types for NPC. This offers essen-
tial evidence for standardizing TCM syndrome classification. 
Particularly, noteworthy are studies on TCM differential typ-
ing after radiotherapy and chemotherapy; following "precise 
differential diagnosis" and "targeted treatment", these ap-
proaches can effectively mitigate the toxic side effects in-
duced by chemoradiotherapy. The patients with NPC may 
exhibit varying clinical manifestations due to differences in 
constitution, clinical-pathological stages, age, and gender. 
However, the correlation between these influencing factors 
and TCM syndrome differentiation remains unclear in exist-
ing studies. Currently, TCM syndrome differentiation of NPC 
at post- radiotherapy and chemotherapy is predominantly 
based on clinicians' empirical judgment, lacking objective 
data support, a potential contributing factor to the signifi-
cant variability in TCM syndrome outcomes. Future study 
should integrate comprehensive patient data, including clin-
ical stage, tumor size and location, pre-and post-treatment 
parameters, specific chemoradiotherapy regimens, and 
imaging findings, to investigate correlations. Such efforts 
will enhance the practical application of TCM syndrome dif-
ferentiation in clinical practice, and provide robust evidence 
for the effective use of TCM in NPC treatment.
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Introduction 
Hepatitis C virus ( HCV) is a single-stranded RNA virus 

belonging to the Flaviviridae family. It has a positive liver ef-
fect and can cause acute and chronic hepatitis. Chronic hep-
atitis C infection with progressive liver damage may lead to 
cirrhosis and related complications, including compensated 
liver disease and hepatocellular carcinoma [1]. According to 
the World Health Organization, in 2015, there were 71 mil-
lion people with chronic HCV infection worldwide, and 
399,000 people died from cirrhosis or hepatocellular carci-

noma ( HCC ) caused by HCV infection. In 2019, there were 
58 million people with chronic HCV infection worldwide, 
and 290,000 people died from cirrhosis or HCC caused by 
HCV infection [2]. Therefore, early diagnosis and treatment 
of HCV infection are extremely important. There are about 
5.6 million people with HCV infection in the general popula-
tion in China. If we include HCV infection in high-risk groups 
and high-incidence areas, the number is estimated to be 
about 10 million [2]. HCV has high genetic heterogeneity, 
and at least 7 genotypes and multiple subtypes have been 
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discovered to date. The distribution of different genotypes 
varies significantly across the globe and is closely related to 
antiviral treatment response, disease progression and prog-
nosis [3]. For example, genotype 1b has a relatively low re-
sponse rate to direct-acting antiviral drugs (DAAs), while 
genotype 3, especially genotype 3a, is associated with accel-
erated progression of liver fibrosis [4]. Therefore, accurate 
HCV genotyping results are a key prerequisite for develop-
ing individualized treatment plans and improving treatment 
success rates. At the same time, the HCV RNA viral load level 
can directly reflect the degree of viral replication activity 
and is closely related to hepatocellular damage, liver inflam-
mation and fibrosis process. It is a core indicator for labora-
tory assessment of disease activity. Traditional HCV geno-
typing methods include PCR-restriction fragment length 
polymorphism analysis, sequencing, etc., but they have 
shortcomings such as low throughput and limited resolution 
[5]. Next-Generation Sequencing (NGS) technology has been 
gradually applied to viral genotyping and mutation analysis 
due to its advantages of high throughput, high accuracy and 
single-base resolution [6]. The FASTASeq 300 Dx gene se-
quencer uses Sequencing By Synthesis (SBS) technology to 
achieve efficient and accurate nucleic acid sequence deter-
mination. Based on this sequencing platform, this study ana-
lyzed the genotypes of 133 HCV antibody-positive patients 
in Yueyang area, aiming to clarify the distribution character-
istics of HCV genotypes in the region and explore their rela-
tionship with viral load, liver function and liver fibrosis de-
tection results. At the same time, it verified the application 
value of NGS technology in clinical HCV genotyping detec-
tion and provided a scientific basis for regional hepatitis C 
prevention and control and precision treatment.

Material and Methods
General Information

This study included 133 patients with positive anti-HCV 
antibodies admitted to Yueyang People's Hospital between 
October 2024 and January 2026. The study population con-
sisted of 76 males (57.1%) and 55 females (41.4%), with an 
age range of 29–83 years and a mean age of (56.2±11.1) 
years, predominantly middle-aged individuals. Based on 
HCV-RNA viral load detection results, patients were divided 
into high viral load group (>10⁶ IU /ml), medium viral load 
group (10⁴–10⁶ IU /ml), low viral load group (<10⁴ IU /ml), 
and undetectable group. The high viral load group com-
prised 88 cases (66.2%), the medium viral load group 24 
cases (18.0%), the low viral load group 6 cases (4.5%), and 
the undetectable group 15 cases (11.3%), indicating that vi-
ral replication was active in most patients. A retrospective 
analysis was conducted on the patients' general clinical data, 
genotyping results, liver function test results, and liver fibro-
sis test results.

Inclusion criteria
1) Positive HCV antibody test; 2) Willing to participate in 

this study and sign informed consent form; 3) Complete 
clinical data.

Exclusion criteria 
1) Insufficient sample size or failure to collect and pre-

serve samples as required; 2) Missing information that can-
not be traced; 3) Duplicate samples from the same patient; 
4) Other circumstances deemed unsuitable for inclusion by 
the investigator.

This study was approved by the Ethics Review Commit-
tee for Clinical Trials of Drugs/Medical Devices of Yueyang 
People's Hospital (Ethics Approval No.: 2024040) and was 
conducted in strict accordance with the requirements of the 
Good Clinical Practice for Medical Devices (No. 28 of 2022).

Methods
HCV genotyping

1) Next-Generation Sequencing (NGS ) Technology: FAS-
TASeq 300 Dx gene sequencer ( Shenzhen Zhenmai Biotech-
nology Co., Ltd.), along with a matching Hepatitis C Virus 
Genotyping Kit (reversible terminator sequencing method) 
and a universal sequencing reaction kit; 2) Comparison 
Reagent: Hepatitis C Virus (HCV) Genotyping Kit (PCR-fluo-
rescent probe method, Taipu Bioscience (China) Co., Ltd., 
National Medical Device Registration Certificate No. 
20143401926); 3) Verification Method: Sanger sequencing 
kit (Applied Biosystems , USA ); 4) Nucleic Acid Extraction 
Reagent: Nucleic acid extraction reagent (Minxia Medical 
Device Registration No. 20150045) and QIAamp Viral RNA 
Mini Kit ( Qiagen , Germany , Catalog No.: 52904); 5) Detec-
tion Steps: Sample Collection and Processing: Collect 5 mL of 
venous blood from the subject, centrifuge to separate the 
serum, and store as required (store at 2~8℃ for no more 
than 72 hours, at -25~-15℃ for no more than 3 months , and 
below -70℃ for no more than 1 year). Avoid repeated 
freeze-thaw cycles and bring to room temperature before 
testing. Nucleic Acid Extraction: Use the nucleic acid extrac-
tion reagents for the experimental group and control group 
respectively , and extract nucleic acid from the serum sam-
ples according to the instructions. The sample input for the 
experimental group is 200 μL of serum, and the initial sam-
ple input for the control group is 200 μL of serum. Detection 
Procedure: 1. Experimental Group: Take 15 μL of the ex-
tracted product for PCR amplification and library construc-
tion (PCR amplification product concentration ≥10 ng/μL). 
Add the 4 nM library to the sequencer, set the sequencing 
read length PE150, the cycle number of strand 1 and strand 
2 to 150, and the tag sequence length to 8+8, and perform 
sequencing detection. The required sequencing data volume 
is ≥0.5 Gb, the Q30 base ratio is ≥80%, and the sequence 
alignment to the reference genome ratio is ≥90%. 2. Control 
Group: 10 μL of the extracted product was used for PCR-fluo-
rescent probe detection. Reaction parameters were strictly 
set according to the kit instructions. Negative control solu-
tions showed no typical S-type amplification curve or a ct 
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value > 26.5. Positive control HCV 1b PCR reaction tubes 
showed a typical S-type FAM-labeled curve with a ct value ≤ 
25.1. Other reaction solutions showed no typical S-type am-
plification curve or a ct value > 26.5. Otherwise, the experi-
ment was invalid and needed to be repeated. 3. Result Verifi-
cation: Samples with inconsistent results from the two 
groups were verified using Sanger sequencing. Positive Cri-
terion: A genotype is considered positive if the specific read 
length ratio (RPM) per million sequences is ≥ 119778.

HCV RNA detection
HCV RNA quantification was performed using the 

Sansure High-Sensitivity HCV RNA Quantitative Detection 
Kit (PCR-Fluorescence Probing Method; Sansure Biotech, 
Changsha, China). Nucleic acid extraction was conducted 
manually using a superparamagnetic nano-bead-based 
method according to the manufacturer’s protocol. Real-time 
PCR amplification and detection were carried out on com-
patible thermocyclers, including the SLAN-96P (Hongshi) 
and ABI 7500 (Thermo Fisher Scientific).

The assay is based on a one-step reverse transcription 
real-time quantitative PCR (RT-qPCR) using fluorescence-la-
beled probes targeting conserved regions of the HCV 
genome. Briefly, 0.2 mL of serum or plasma was subjected to 
room-temperature chemical lysis without heating, followed 
by RNA capture using nano-core-shell magnetic beads 
(nanoscale magnetic core with a molecular polymer shell) to 
efficiently enrich and purify nucleic acids. The extracted 
RNA was then added to the PCR reaction mixture containing 
specific primers, a fluorescence-labeled probe, heat-acti-
vated DNA polymerase, deoxynucleotide triphosphates 
(dNTPs), and an internal control (IC) included throughout 
the extraction and amplification process to monitor PCR in-
hibition and prevent false-negative results. The reaction sys-
tem also contained ROX passive reference dye to normalize 
well-to-well variations and pipetting errors, thereby im-
proving quantitative accuracy.

HCV antibody detection
HCV antibody screening was performed using the AiD™ 

anti-HCV ELISA kit (Beijing Wantai Biological Pharmacy En-
terprise Co., Ltd., Beijing, China). The assay was read on a 
KHB ST-360 microplate reader (Shanghai Kehua Experimen-
tal System Co., Ltd., Shanghai, China), and plate washing was 
performed using a KHB ST-36W microplate washer (Shang-

hai Kehua). All reagents were used within their stated shelf 
life.

The assay is based on a third-generation enzyme-linked 
immunosorbent assay (ELISA). HCV recombinant antigens 
(Core, NS3, NS4, and NS5 regions) are pre-coated onto poly-
styrene microwells. Serum or plasma samples (typically 100 
µL) are added to the antigen-coated wells and incubated. 
Anti-HCV antibodies, if present, bind to the immobilized 
antigens. After washing to remove unbound material, horse-
radish peroxidase (HRP)-conjugated anti-human IgG is 
added, which binds to any antigen–antibody complexes 
formed. Following a second wash, the 3,3′,5,5′-tetramethyl-
benzidine (TMB) chromogenic substrate is added and hy-
drolyzed by the bound HRP to produce a blue-colored prod-
uct. The reaction is terminated by adding stop solution, and 
the optical density (OD) is measured at 450 nm (with a ref-
erence wavelength of 630 nm) on the KHB ST-360 reader. 
The intensity of the color is proportional to the concentra-
tion of anti-HCV antibodies in the sample.

Liver function biochemical index testing
Liver function tests were performed on the DxA 5000 Fit 

total laboratory automation system (Beckman Coulter, Brea, 
CA, USA), which integrates pre-analytical sample processing 
with connected clinical chemistry and immunoassay analyz-
ers. The connected chemistry analyzers (e.g., UniCel DxC or 
AU5800 series, Beckman Coulter) were operated with Beck-
man Coulter original reagents according to the manufac-
turer's instructions. All assays were conducted under stan-
dardized laboratory conditions with routine calibration and 
quality control procedures.

The liver function biomarkers were quantified in serum 
or plasma are listed in Table 1.

Liver fibrosis marker detection
Serum liver fibrosis markers were quantified on the 

MAGLUMI X8 fully automated chemiluminescence im-
munoassay (CLIA) analyzer (Shenzhen New Industry Bio-
medical Engineering Co., Ltd. [Snibe], Shenzhen, China). The 
system was operated with Snibe original reagents, including 
the following assay kits: Hyaluronic Acid (HA) assay kit, 
Laminin (LN) assay kit, Type IV Collagen (CIV) assay kit, and 
Type III Procollagen N-terminal Peptide (PIIINP) assay kit. 
All reagents and calibrators were used within their stated 

Biomarker Method Principle
Alanine aminotransferase (ALT) IFCC enzymatic rate method (kinetic UV assay, pyridoxal-5′-phosphate activated)
Aspartate aminotransferase (AST) IFCC enzymatic rate method (kinetic UV assay)
Alkaline phosphatase (ALP) Kinetic colorimetric method (p-nitrophenyl phosphate substrate)

γ-Glutamyl transferase (GGT) Enzymatic rate method (γ-glutamyl-3-carboxy-4-nitroanilide substrate)
Total bilirubin (TBIL) Colorimetric method (dichlorophenyldiazonium, DPD, or vanadate oxidation method)
Direct bilirubin (DBIL) Colorimetric method (DPD diazo method or bilirubin oxidase method)
Albumin (ALB) Colorimetric method (bromocresol green, BCG)
Total protein (TP) Colorimetric method (biuret reaction)

Table 1 | liver function biomarkers
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shelf life and stored at 2–8℃ according to the manufac-
turer’s instructions.

The assay is based on a direct chemiluminescence im-
munoassay (CLIA) with magnetic microparticle separation. 
Briefly, serum samples (typically 20–50 µL, depending on 
the specific marker) are incubated with nano-magnetic 
bead–coated capture antibodies (or antigens, depending on 
the assay format) and acridinium ester–labeled detection 
antibodies. The antigen–antibody complexes are captured 
on the magnetic microparticles, and unbound substances 
are removed by a magnetic separation and wash step. Subse-
quently, a trigger solution is added to initiate the chemilumi-
nescent reaction of the acridinium ester label, and the emit-
ted light is measured in relative light units (RLU) by the pho-
tomultiplier tube of the MAGLUMI X8. The RLU value is pro-
portional to the concentration of the target analyte in the 
sample. Quantification is achieved by interpolation from a 
master calibration curve stored on board the analyzer, which 
is recalibrated using two-point calibration with Snibe cali-
brators according to the manufacturer’s protocol.

Statistical analysis
SPSS 27.0 software was used for statistical analysis. First, 

the normality of the measurement data was tested. The mea-
surement data in this study did not conform to the normal 
distribution after the normality test, and were expressed as 
medians (interquartile range) [M (P25 ~ P75)]. The Kruskal 
-Wallis test was used for comparisons between groups , and 
the χ² test was used for count data. A p < 0.05 was consid-
ered statistically significant.

Results
HCV genotype distribution

Anti -HCV patients included: genotype 1b in 57 cases 
(42.9%), genotype 2a in 3 cases (2.3%), genotype 6a in 35 
cases (26.3%), genotype 3a in 14 cases (10.5%), and mixed 
genotype in 6 cases (4.5%). See Figure 1.

Correlation analysis of HCV genotype with sex 
and age

In this study, there were 34 males (60.0%) and 23 fe-
males (40%) with genotype 1b; 1 male (33%) and 2 females 
(66%) with genotype 2a; 8 males (57%) and 6 females 
(43%) with genotype 3a; 5 males (83%) and 1 female (17%) 
with mixed genotype; and 20 males (57%) and 15 females 
(43%) with genotype 6a. Sex comparisons were performed 
among the patients with the five genotypes. The results 
showed that, according to the chi-square test, there was no 
statistically significant difference in the gender distribution 
of patients with different HCV genotypes (χ²=4.461, P=0.669
＞0.05); according to the Kruskal -Wallis H test, there was a 
statistically significant difference in the age distribution of 
patients with different HCV genotypes (χ²=9.877, df =4, 
P=0.043<0.05), with the highest median age for genotype 2a 
(65 years) and the lowest for genotype 6a (53 years). How-
ever, after post-hoc multiple comparison correction, there 
was no statistically significant difference in age among the 
genotype groups (P>0.05). See Table 2 and Figure 2.

Correlation analysis between HCV genotype and 
viral load

HCV RNA is a direct marker of viral replication and an 
important laboratory basis for confirming HCV infection in 
clinical practice. It is also a standard for evaluating the effi-
cacy of antiviral treatment. Therefore, exploring the rela-
tionship between HCV genotype and viral load is of great sig-
nificance for clinical diagnosis and treatment. In this study, 
the median HCV RNA viral load for genotype 1b was 3.28 × 
10⁶ IU/mL, for genotype 2a it was 2.20 × 10⁴ IU / mL , for 
genotype 3a it was 5.14 × 10⁶ IU/ mL , for genotype 6a it was 
5.02 × 10⁶ IU/ mL , and for mixed genotype HCV RNA it was 
3.24 × 10⁶ IU / mL . Comparison of viral load among differ-
ent genotypes showed no statistically significant difference 
(P > 0.05). See Table 3 and Figure 3.

Figure 1 | Distribution of HCV genotypes
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Genotype Male (n%) Female (n%)
1b 34 (60%) 23 (40%)
2a 1 (33%) 2 (66%)
3a 8 (57%) 6 (43%)
Hybrid 5 (83%) 1 (17%)
6a 20 (57%) 15 (43%)

Table 2 | Sex distribution of different genotypes

Figure 2 | Comparison of different HCV genotypes by age and sex

HCV genotype Number of examples Viral load (IU/ mL )
1b 57 3.28 × 10⁶ ( 1.21 × 10⁶ ~ 1.38 × 10⁷ )
2a 3 2.20×10⁴ ( 1.71×10⁴ ~ 7.94× 10⁴ )
3a 14 5.14×10⁶ ( 3.86×10⁵ ~ 9.23× 10⁶ )
Hybrid 6 3.24 × 10⁶ ( 5.33 × 10⁵ ~ 6.60 × 10⁶ )
6a 35 5.02×10⁶ ( 1.23×10⁶ ~ 2.35× 10⁷ )
H value 9.306
p -value 0.054

Table 3 | Comparison of viral load of different HCV genotypes [M(P25~P75)]

Figure 3 | Comparison of viral load of different HCV genotypes
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Correlation analysis between HCV genotype and 
liver function indicators

Liver function biochemical indicators are important indi-
cators for assessing the degree of liver damage in patients 
with chronic hepatitis C. Different HCV genotypes may differ 
in viral replication, pathogenicity, and the degree of liver 
damage induced due to differences in their biological char-
acteristics. Exploring the relationship between HCV geno-
type and liver function indicators is of great significance for 
clinical assessment and prognosis. This study compared and 
analyzed the levels of ALT, AST, ALP, GGT, TBIL, DBIL, and 
TBA in patients with different HCV genotypes. The results 
showed no statistically significant differences in ALT, AST, 
ALP, GGT, TBIL, and TBA levels among different genotypes (P 
> 0.05). Only the DBIL level showed a statistically significant 
difference among different genotypes (H = 12.636, P = 0.013 
< 0.05). Post-hoc multiple comparison analysis did not find 
pairwise differences between specific genotypes, suggesting 
that this difference may be due to uneven distribution 
within groups. See Table 4.

Correlation analysis between HCV genotype and 
liver fibrosis markers

Liver fibrosis is a key pathological stage in the progres-
sion of chronic hepatitis C to cirrhosis. Serological liver fi-
brosis markers (HA, CIV, PIIIP, LN) directly reflect the dy-
namics of extracellular matrix synthesis and degradation, 
and are important biomarkers for assessing the degree of 
liver fibrosis, predicting disease progression, and prognosis. 
Different HCV genotypes exhibit significant differences in vi-
ral replication efficiency, host immune response induction, 
and liver tissue inflammation patterns, affecting the occur-
rence and progression rate of fibrosis. Exploring the rela-
tionship between HCV genotype and liver fibrosis markers is 
of great significance for clinical assessment and prognosis. 
This study compared and analyzed the levels of HA, CIV, PI-
IIP, and LN in patients with different HCV genotypes. The re-

sults showed no statistically significant differences in liver 
fibrosis markers (HA, CIV, PIIIP, LN) among different geno-
types (P>0.05). Post-hoc multiple comparisons did not re-
veal pairwise differences between specific genotypes, which 
may be related to the small sample size of some genotypes 
and uneven distribution among groups. See Table 5.

Detection performance analysis
The main evaluation indicators were: the positive con-

cordance rate of the experimental group was 100.00% (95% 
CI: 94.50%~100.00%), and the negative concordance rate 
was 100.00% (95% CI: 96.79%~100.00%), which was com-
pletely consistent with the test results of the control group.

Secondary evaluation indicators: Overall concordance 
rate 100.00% (95% CI: 97.93%–100.00%); Kappa coeffi-
cient 1.0000 (95% CI: 1.0000–1.0000), indicating that the 
two detection methods are almost identical. The concor-
dance rates for each subtype were 100.00%, with positive 
concordance rates of 95% CI for type 1b (90.11%–
100.00%), 72.25%–100.00% for type 3a (95% CI: 72.25%–
100.00%), 43.85%–100.00% for type 3b ( 95% CI : 43.85%–
100.00%), and 85.13%–100.00% for type 6a.

Data quality analysis
Overall data indicators: The effective sequencing 

throughput of the experimental instruments ranged from 
187.95 to 372.9 M reads, all of which were no less than 100 
M reads; the base recognition quality index (Q30) ranged 
from 82.65% to 92.63%, all of which were no less than 80%. 
The average raw data volume (number of bases) of the total 
sample was 141,307,9978.02, the average ratio of high-qual-
ity data to overall coarse data was 71.11%, the overall target 
region coverage was 99.98%, and the overall target region 
uniformity was 1.00. All indicators met the expected re-
quirements.

Sample quality control indicators: Sequencing data vol-
ume (Raw reads) 1,922,416~11,130,218; total number of 
sequencing bases (Raw bases) 576,724,800~333,906,5400; 

index 1b 2a 3a 6a Hybrid H value p -value
ALT(U/L) (n=115) 47.80 (25.20~96.20) 27.80 (16.00~27.80) 79.60 (47.83~138.23) 84.70 (13.85~139.05) 37.60 (18.30~72.40) 7.159 0.128
AST(U/L) (n=115) 59.00 (29.25~93.55) 59.30 (31.60~59.30) 62.35 (43.93~136.93) 61.00 (42.60~106.08) 43.00 (24.50~72.20) 6.29 0.178
ALP(U/L) (n=102) 32.60 (21.05~76.15) 46.80 (19.30~46.80) 80.50 (29.90~132.95) 70.60 (41.55~187.70) 56.40 (17.20~143.05) 5.824 0.213
GGT(U/L) (n=100) 76.10 (51.40~95.45) 88.20 (62.00~88.20) 109.50 (66.55~155.65) 128.40 (55.00~168.30) 77.80 (58.15~104.50) 6.149 0.188
TBIL (μmol/L) (n=115) 18.10 (12.15~23.50) 24.70 (23.40~24.70) 17.95 (13.48~31.43) 13.80 (7.53~19.60) 13.10 (10.10~20.30) 8.324 0.8
DBIL (μmol/L) (n=114) 4.50 (3.00~6.95) 6.60 (6.50~6.60) 4.50 (3.45~8.90) 4.15 (2.10~7.33) 2.85 (2.28~4.33) 12.636 0.013
TBA ( μmol/L) (n=113) 8.00 (3.45~14.40) 25.00 (25.00~25.00) 9.10 (4.35~51.70) 6.75 (4.85~11.30) 5.70 (2.68~10.83) 3.955 0.412

Table 4 | Comparison of liver function test results for different HCV genotypes [M(P25~P75)]

Index 1b ( n=31 ) 2a ( n=3 ) 3a ( n=7 ) 6a ( n=15 ) Mixed type ( n=2 ) H value p -value
HA (ng/mL) 128.00 (72.90~190.00) 158.00 (76.70~158.00) 100.00 (57.10~140.00) 93.30 (76.00~139.00) 194.05 (58.10~194.05) 2.39 0.664
CIV (ng/mL) 26.60 (18.10~51.60) 50.90 (36.80~50.90) 24.10 (17.60~56.40) 26.80 (13.90~85.90) 37.00 (21.50~37.00) 2.789 0.594
PIIIP (ng/mL) 33.00 (20.20~50.50) 52.60 (36.10~52.60) 24.90 (10.80~47.70) 39.90 (16.40~83.30) 295.30 (84.60~295.30) 5.243 0.263
LN (ng/mL) 68.10 (40.60~113.00) 561.00 (122.00~561.00) 51.60 (30.30~114.00) 96.30 (53.80~220.00) 65.60 (31.20~65.60) 8.367 0.079

Table 5 | Comparison of liver fibrosis detection results for different HCV genotypes [M(P25~P75)]
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Q30 base percentage 86.46%~97.63%; sequence alignment 
to reference genome percentage 97.02%~99.98%; target re-
gion coverage 97.03%~100.00%; average sequencing depth 
492,507.90~5,777,965.46, all meeting the quality control 
targets.

Stratified analysis: After stratifying the total number of 
sequencing bases, there were no significant differences in 
the effective sample base recognition quality value Q30, the 
proportion of sequence aligned to the reference genome, 
and the target region coverage among the different regions 
(P=0.2868, 0.2422, 0.7553, respectively); there were no sig-
nificant differences in the positive judgment value (RPM) of 
effective positive and negative samples among the different 
regions (P>0.05 for all), and the detection performance of 
each subgroup was consistent.

Safety evaluation
Five batches of the test equipment were run without any 

malfunctions. The equipment stability, safety, and ease of 
use were all rated at 100%. No system-wide leakage, loose 
or detached components, or abnormal software interrup-
tions occurred. The researchers were satisfied with all six 
evaluation criteria , including ease of operation and software 
usability. No adverse events, serious adverse events, or 
equipment defects occurred throughout the entire testing 
process.

Discussion
Hepatitis C is a disease caused by HCV infection, charac-

terized by liver damage. It is one of the main causes of seri-
ous liver diseases such as cirrhosis and liver cancer [1]. HCV 
is a single positive-sense RNA virus. Due to the lack of proof-
reading activity of HCV NS5B RdRP , the fidelity is low, re-
sulting in a high error rate during replication, which pro-
motes the genetic heterogeneity and population complexity 
of HCV. It has now been divided into at least 7 genotypes and 
multiple subtypes  . The distribution of HCV genotypes has 
obvious geographical differences. Understanding the geno-
type prevalence characteristics in specific regions is the ba-
sis for improving the prevention and control strategy of hep-
atitis C [8]. In northern China, types 1b and 2a are the main 
types, while types 3 and 6 are more prevalent in southern 
China [9]. As time goes by, population mobility intensifies 
and transmission routes diversify, the epidemiological pat-
terns of HCV genotypes in various regions also change. HCV 
genotyping is not only a key basis for guiding the selection of 
direct antiviral drugs (DAA), but also an important basis for 
assessing disease progression, judging prognosis and carry-
ing out regional prevention and control [2]. Therefore, un-
derstanding the distribution characteristics of HCV geno-
types in this region and clarifying the HCV genotyping of 
hepatitis C patients is of great clinical significance for diag-
nosis and treatment. This study is the first to use next-gener-
ation sequencing (NGS) technology to perform genotyping 
on 133 anti - HCV positive patients in Yueyang area and ex-

plore its correlation with gender, age, viral load, liver func-
tion and liver fibrosis indicators.

This study shows that the most common HCV genotype 
in Yueyang is type 1b (42.9%), followed by type 6a (26.3%), 
type 3a (10.5%), mixed type (4.5%), and type 2a (2.3%). The 
results are consistent with the survey on hepatitis C virus in-
fection in Yueyang by Liu Feng et al. [10], showing obvious 
regional characteristics in central China. Multicenter epi-
demiological data across the country show that type 1b is 
the absolute dominant subtype in mainland China, account-
ing for 52.18%~62.78%, followed by type 2a; type 6a was 
previously more common in South China and Southwest 
China, but has shown a significant upward trend in Central 
China in recent years [11]. In this study, the proportion of 
type 6a reached 26.3%, which is significantly higher than 
the national average. From the perspective of regional epi-
demiology, Yueyang is located in the northeast of Hunan 
Province, and the Beijing-Guangzhou Railway runs through 
the area. It is an important regional transportation hub and 
a key node connecting Central China and South China. Its 
HCV genotype distribution retains the characteristics of type 
1b as the traditional dominant strain in the central region of 
China. At the same time, the proportion of type 6a has in-
creased significantly, approaching the prevalence level in 
South China. This suggests that Yueyang is a transitional 
zone between the prevalence of HCV in Central China and 
South China. This unique distribution pattern is closely re-
lated to geographical location, population flow and trans-
mission chain, and has important regional representative-
ness. The proportion of type 2a is relatively low, which is 
consistent with the gradual decline in the spread of type 2a 
throughout the country [9]. Mixed infection accounted for 
4.5%, suggesting the possibility of repeated exposure or 
multiple infection. Previous domestic studies have mostly 
used fluorescent PCR or reverse dot hybridization technol-
ogy to detect HCV genotypes. This study used the NGS high-
throughput system for detection, which has higher accuracy 
and more reliable type identification, and is superior to tra-
ditional typing methods. The above-mentioned HCV geno-
type distribution characteristics are of practical significance 
for hepatitis C prevention and control in Yueyang. The high 
proportion of genotype 1b indicates that existing infections 
related to previous blood transmission remain an important 
component; the high prevalence of genotype 6a suggests the 
existence of active transmission chains in the region, requir-
ing strengthened management of the source of infection and 
control of transmission routes. Furthermore, clarifying the 
local HCV genotype distribution helps clinicians directly se-
lect targeted antiviral treatment regimens, improving treat-
ment success rates.

    HCV RNA viral load directly reflects the degree of viral 
replication activity and is a core laboratory indicator for 
judging disease progression and monitoring the efficacy of 
DAA treatment [12]. The results of this study showed that 
the median viral load of HCV 1b, 6a, 3a and mixed HCV infec-
tions were all at a high level, and there was no statistically 
significant difference between the groups (P=0.054 > 0.05). 
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Multiple domestic and foreign studies have confirmed that 
there is no clear correlation between HCV genotype and vi-
ral load [13, 14]. The level of viral replication is mainly af-
fected by the host's immune status, duration of infection, 
and complications, rather than the genotype itself. In this 
study, 66.2% of patients had high viral load, suggesting that 
the overall viral replication of HCV infected individuals in 
this region is relatively active, but this characteristic is not 
significantly related to genotype.

Serum ALT, AST, ALP, GGT, TBIL, DBIL, TBA, and other 
liver function indicators can directly reflect the degree of 
hepatocellular damage and the excretory and metabolic 
function of the hepatobiliary system. This study showed no 
statistically significant differences in ALT, AST, ALP, GGT, 
TBIL, and TBA among different HCV genotypes, except for 
DBIL (H=12.636, P=0.013). However, subsequent multiple 
comparisons did not reveal clear differences between geno-
types, suggesting that this result may be due to fluctuations 
in group distribution and lacks clear clinical interpretability. 
Multiple clinical observations in Wuhan, Jiangsu, Qinghai, 
and other regions in China have confirmed that there is no 
stable association between HCV genotype and liver function 
indicators [14, 15]. Elevated transaminases mainly reflect 
host immune- mediated liver inflammation rather than the 
direct pathogenicity of the viral genotype itself. Although 
some reports suggest that type 3 liver injury is more signifi-
cant, these are often due to selection bias or confounding 
factors such as alcohol consumption and fatty liver, and 
large-scale unbiased cohort studies have mostly shown neg-
ative results [16, 17]. Our results further support that the 
degree of liver function abnormalities in hepatitis C patients 
mainly depends on host-related factors rather than HCV 
genotype differences.

Liver fibrosis is the core pathological link in the progres-
sion of chronic hepatitis C to cirrhosis. Serum HA, CIV, PIIIP, 
and LN liver fibrosis indicators can reflect the dynamics of 
extracellular matrix synthesis and degradation, and are clas-
sic and commonly used indicators for non-invasive clinical 
assessment of liver fibrosis [18]. This study showed that 
there were no statistically significant differences in the four 
liver fibrosis indicators among different HCV genotypes 
(P>0.05), which is consistent with the consensus of experts 
on non-invasive laboratory diagnosis of liver fibrosis and the 
conclusions of many clinical studies at home and abroad [14, 
19]. The progression of liver fibrosis is the result of the com-
bined effects of long-term chronic injury, inflammation re-
pair and host metabolism. It is affected by multiple factors 
such as age, unhealthy drinking, obesity, and diabetes, and 
has no independent strong correlation with HCV genotype 
[20]. Viral load and genotype are not independent predic-
tors of liver fibrosis progression, and fluctuations in serolog-
ical markers are difficult to reflect the differences between 
genotypes [21, 22]. These results suggest that when assess-
ing liver fibrosis in patients with chronic hepatitis C, a com-
prehensive consideration of liver fibrosis risk factors should 
be taken into account, and judgment should not be based 
solely on HCV genotype.

The accuracy of detection technology directly affects 
genotyping and treatment selection. This study used the 
FASTASeq 300 Dx gene sequencer, based on sequencing-by-
synthesis technology, which boasts high throughput and 
high sensitivity. Results showed that the sequencer achieved 
a 100.00% positive concordance rate, negative concordance 
rate, and overall concordance rate, with a Kappa coefficient 
of 1.0000, completely consistent with traditional PCR-fluo-
rescent probe methods. Furthermore, the concordance rate 
for each subtype was 100.00%, indicating extremely high ac-
curacy in HCV genotyping. In addition, the sequencing 
throughput, Q30 base ratio, and other data quality indica-
tors met quality control requirements, and the target region 
coverage reached 99.98%, ensuring the reliability of the 
genotyping results. Regarding safety, no adverse events or 
instrument defects occurred during the experiment. The 
equipment stability, safety, and ease of use were all rated at 
100.0%, demonstrating the sequencer's good safety and 
practicality in clinical applications and its suitability for rou-
tine HCV genotyping. Compared with traditional Sanger se-
quencing, next-generation sequencing technology can detect 
multiple genotypes at the same time without the need to de-
sign specific primers for different subtypes, which greatly 
improves the detection efficiency and is especially suitable 
for large-scale screening in areas with multiple subtypes 
[23]. 

This study also has certain limitations. As it is a single-
center study, it only included patients treated at our hospi-
tal, which introduces selection bias and limits representa-
tiveness. Due to geographical factors, the sample size for 
HCV 2a and mixed subtypes is limited, resulting in limited 
statistical power. Confounding factors such as prior antiviral 
treatment, hepatitis B co-infection, alcohol consumption, 
and metabolic diseases were not adjusted for; only univari-
ate analysis was performed, without multivariate regression, 
and no follow-up analysis was conducted on patients' clini-
cal outcomes and treatment responses. Future research 
should expand the sample size to include patients from dif-
ferent levels of medical institutions in Yueyang, and incorpo-
rate more laboratory serological indicators and confounding 
factors for multivariate analysis. Long-term follow-up of 
treatment responses and disease progression in patients 
with different genotypes is necessary to provide more reli-
able scientific evidence for further in-depth research into 
the immunopathological mechanisms of HCV infection and 
for precise prevention and control of hepatitis C and individ-
ualized diagnosis and treatment of HCV infection in Yueyang.

Conclusion
In Yueyang District, the predominant HCV genotype was 

1b, followed by 6a, 3a, mixed, and 2a. There were no statisti-
cally significant differences in viral load, sex, age, ALT, AST, 
ALP, GGT, TBIL, TBA, HA, CIV, PIIIP, and LN among different 
genotypes, but a statistically significant difference was ob-
served in DBIL. The FASTA Seq 300 Dx gene sequencer 
demonstrated extremely high accuracy and safety in HCV 
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genotyping, providing reliable genotypic evidence for indi-
vidualized clinical treatment of hepatitis C.
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