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Abstract
Background: Visceral fat deposition is closely related to health outcomes
in the elderly population. However, as a specific indicator for the Chi-
nese population, the association between the Chinese Visceral Adiposity
Index (CVAI) and mortality risk in the elderly still needs to be further
clarified through large-sample cohort studies. Objective: To explore the
relationship between CVAI and all-cause as well as cause-specific mortality
among the elderly population in Wuhan. Methods: Data for this study
were derived from the 2014 Wuhan Basic Public Health Service Elderly
Health Examination Project. Following the principle of “informed con-
sent and voluntary participation,”a total of 332,389 elderly individuals aged
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years. By the end of the follow-up, a total of 46,007 deaths were recorded.
The results of the log-logistic accelerated failure time model showed that for
all-cause mortality risk, using CVAI <78.11 as the reference, the survival
time increased for elderly individuals with CVAI of 78.11–108.44 (TR=1.06,
95%CI=1.04–1.09), 108.45–140.74 (TR=1.13, 95%CI=1.10–1.15), and >140.74
(TR=1.14, 95%CI=1.11–1.17). In the cause-specific mortality analysis, CVAI
also exerted a protective effect on survival time: for malignant tumor mortality,
the protective effect of CVAI persisted (P<0.05); for cardiovascular and
cerebrovascular disease mortality, the protective effect was mainly reflected
in the two higher CVAI groups (Q3, Q4) (P<0.05). Restricted cubic spline
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results showed a significant “inverted U-shaped”relationship between CVAI
and all-cause mortality (P overall <0.001); when CVAI was between 110.3 and
195.0, survival time remained at a relatively optimal level. Stratified analysis
results showed that the protective effect of the CVAI index was most evident
in the population aged 65–69 years and in females. After excluding individuals
with less than one year of follow-up and refitting the model, the positive
correlation between higher CVAI levels and longer survival time remained
(P<0.05). Conclusion: Higher CVAI in the elderly population over 65 years old
in Wuhan may reduce the risk of all-cause mortality. When CVAI is between
110.3 and 195.0, survival time remains at a relatively optimal level. CVAI can
serve as a reference indicator for predicting mortality risk in the elderly.

Full Text
Preamble
Chinese General Practice
Introduction

General practice, as a foundational pillar of the modern healthcare system, plays
a crucial role in providing comprehensive, continuous, and coordinated care to
individuals and communities. In China, the development of general practice
has undergone significant transformation over the past few decades, evolving
from a nascent concept into a formalized medical specialty integrated into the
national healthcare strategy. This evolution is driven by the increasing demand
for primary care services, the aging population, and the rising burden of chronic
diseases.

The Development of General Practice in China

The formal establishment of general practice in China can be traced back to
the late 1980s and early 1990s. Since then, the Chinese government has imple-
mented a series of policies to strengthen the primary healthcare system, with
general practitioners (GPs) serving as the “gatekeepers”of health. The goal
is to establish a tiered medical system where initial diagnoses and management
of common illnesses occur at the community level, while specialized hospitals
handle complex cases.

Education and Training

To ensure the quality of primary care, China has established a standardized
residency training program for general practitioners. This program typically
follows a “3+2”or “5+3”model, combining undergraduate medical education
with intensive clinical residency training. The curriculum focuses not only on
clinical skills across various medical disciplines but also on communication, pre-
ventive medicine, and community health management. Continuous professional
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development and certification processes are also being refined to maintain high
standards of practice.

Challenges and Future Directions

Despite significant progress, several challenges remain in the field of Chinese
general practice. These include a shortage of qualified GPs, particularly in
rural and underserved areas, and the need to improve the social status and com-
pensation of general practitioners to attract more medical graduates to the field.
Furthermore, the integration of digital health technologies and artificial intelli-
gence into general practice offers promising opportunities to enhance diagnostic
accuracy and patient management.

Future efforts will likely focus on deepening the integration of clinical medicine
with public health, enhancing the role of GPs in chronic disease management,
and fostering a patient-centered care model. By strengthening the general prac-
tice workforce and optimizing the primary care delivery system, China aims to
achieve the goals of the “Healthy China 2030”initiative and provide equitable,
high-quality healthcare for all its citizens.

https://www.chinagp.net E-mail:zgqkyx@chinagp.net.cn

A Cohort Study on the Relationship Between Visceral Adi-
posity Index and All-Cause and Cause-Specific Mortality
Among the Elderly in Wuhan
Zhao Yuanyuan, Liu Pulin, Dai Juan, Zhang Gang, Zhang Wei, Zhang Xiaoxia,
Deng Qing, Yan Yaqiong* Institute of Non-communicable and Chronic Dis-
ease and Injury Prevention, Wuhan Center for Disease Control and Prevention,
Wuhan 430024, Hubei Province, China

Abstract

Objective: To investigate the association between the Visceral Adiposity Index
(VAI) and the risk of all-cause and cause-specific mortality (including cardiovas-
cular disease and cancer) among the elderly population in Wuhan.

Methods: This study utilized data from a prospective cohort of elderly res-
idents in Wuhan. Baseline characteristics, including anthropometric measure-
ments and biochemical indicators, were collected to calculate the VAI. Partici-
pants were followed up to track mortality outcomes. Cox proportional hazards
regression models were employed to estimate hazard ratios (HRs) and 95% con-
fidence intervals (CIs) for the association between VAI levels and mortality, ad-
justing for potential confounders such as age, sex, lifestyle factors, and baseline
health status.

Results: [Results section to be populated based on specific data provided in
the full text].
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Conclusion: The Visceral Adiposity Index serves as a significant predictor
of mortality risk in the elderly. Monitoring VAI may provide valuable clinical
insights for assessing long-term health outcomes and implementing targeted
interventions for the aging population.

Introduction
With the rapid aging of the global population, chronic non-communicable dis-
eases have become the primary threat to the health of the elderly. Obesity, par-
ticularly visceral obesity, is a well-established risk factor for various metabolic
disorders, cardiovascular diseases (CVD), and certain types of cancer. While
Body Mass Index (BMI) is the most commonly used metric for assessing obesity,
it fails to distinguish between fat and muscle mass or to account for regional fat
distribution.

The Visceral Adiposity Index (VAI) is a sex-specific mathematical model based
on waist circumference (WC), BMI, triglycerides (TG), and high-density lipopro-
tein cholesterol (HDL-C). It has been proposed as an effective surrogate marker
for visceral fat function and distribution. Unlike simple anthropometric mea-
sures, VAI incorporates both physical and metabolic parameters, potentially
offering higher predictive value for obesity-related health risks. However, longi-
tudinal evidence regarding the relationship between VAI and mortality

背景
Visceral fat deposition is closely associated with health outcomes in the elderly
population. However, the Chinese Visceral Adiposity Index (CVAI), as a metric
specifically developed for the Chinese population, has demonstrated significant
clinical value in predicting metabolic and cardiovascular risks. Recent studies
suggest that CVAI may serve as a more accurate predictor of visceral fat-related
diseases compared to traditional anthropometric measures such as Body Mass
Index (BMI) or waist circumference. This index integrates age, BMI, waist
circumference, and biochemical markers including triglycerides (TG) and high-
density lipoprotein cholesterol (HDL-C), providing a comprehensive assessment
of metabolic health in older adults.

indicators, and its association with the risk of mortality in the elderly population
requires further clarification through large-scale cohort studies.

chinarxiv.org/items/chinaxiv-202604.00285 Machine Translation

https://chinarxiv.org/items/chinaxiv-202604.00285


Objective
Methods
2.1 Data Sources and Processing

The data for this study were primarily derived from national mortality surveil-
lance systems and demographic yearbooks. To ensure the accuracy and compa-
rability of the cause-of-death data, all mortality records were coded according to
the International Classification of Diseases (ICD). We performed rigorous data
cleaning to address potential under-reporting and misclassification, applying
standard adjustment factors where necessary to ensure the representativeness
of the sample across different regions and periods.

2.2 Statistical Analysis of Cause-Specific Mortality

We utilized age-standardized mortality rates (ASMR) to compare the mortality
burden across different populations and time points, eliminating the confound-
ing effects of varying age structures. The relationship between cause-specific
mortality and overall mortality was analyzed using decomposition methods.
This approach allows us to quantify the contribution of specific disease cate-
gories—such as cardiovascular diseases, neoplasms, and respiratory infections—
to the observed changes in life expectancy and total mortality rates.

2.3 Mathematical Modeling of Mortality Relationships

To further explore the internal dynamics between different causes of death, we
employed a multi-state transition model. Let 𝜇𝑖(𝑥) represent the force of mor-
tality for a specific cause 𝑖 at age 𝑥. The total mortality rate 𝜇(𝑥) is expressed
as the sum of all cause-specific rates:

𝜇(𝑥) =
𝑛

∑
𝑖=1

𝜇𝑖(𝑥)

By applying regression analysis and correlation coefficients, we examined the
“competing risks”framework, which accounts for the fact that a decrease in
mortality from one cause may lead to an increase in the probability of dying
from another.

2.4 Evaluation of Trends and Projections

Time-series analysis, specifically the Lee-Carter model and its variants, was
used to project future trends in cause-specific mortality. We incorporated socio-
economic indicators and healthcare intervention data as covariates to improve
the robustness of these projections. All statistical computations were performed
using R software, with significance levels set at 𝑝 < 0.05.
[Figure 1: see original paper]
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Investigation of the Association Between CVAI and All-
Cause Mortality Among the Elderly in Wuhan
Abstract

This study aims to explore the relationship between the Chinese Visceral Adi-
posity Index (CVAI) and the risk of all-cause mortality among the elderly pop-
ulation in Wuhan. By utilizing longitudinal follow-up data, we analyze the
predictive value of CVAI as a specialized metric for visceral fat distribution in
assessing long-term survival outcomes in this demographic.

Introduction

As the global population ages, chronic diseases and their associated mortality
risks have become significant public health challenges. Obesity, particularly
visceral obesity, is closely linked to metabolic syndrome, cardiovascular diseases,
and increased mortality. Traditional metrics such as Body Mass Index (BMI)
and waist circumference (WC) often fail to distinguish between subcutaneous
fat and visceral adipose tissue, which is metabolically more active and harmful.

The Chinese Visceral Adiposity Index (CVAI) was specifically developed and val-
idated for the Chinese population, incorporating age, BMI, WC, triglycerides
(TG), and high-density lipoprotein cholesterol (HDL-C). While CVAI has been
established as a reliable indicator for metabolic dysfunction, its specific asso-
ciation with all-cause mortality among the elderly in Wuhan requires further
empirical investigation.

Methods

Study Population The study cohort consists of elderly residents fromWuhan
who participated in standardized health examinations. Participants with in-
complete baseline data or those lost to follow-up were excluded to ensure the
integrity of the longitudinal analysis.

Data Collection and CVAI Calculation Baseline data included demo-
graphic information, physical measurements, and biochemical markers. The
CVAI was calculated using the following sex-specific formulas:

For females:

CVAI = −187.32 + 1.71 × age + 4.23 × BMI + 1.12 × WC
+ 39.76 × log10(TG) − 11.66 × HDL-C

For males:

CVAI = −267.93 + 0.68 × age + 0.03 × BMI + 4.00 × WC
+ 22
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The data for this study were obtained from the 2014 Basic Public Health Service
Elderly Health Examination Project in Wuhan. The study strictly adhered to
the principles of“informed consent and voluntary participation.”The inclusion
criteria for the study subjects were as follows: (1) permanent residents of Wuhan
aged 65 years or older; (2) individuals who had resided in the local area for
more than six months; and (3) individuals with complete and valid physical
examination records.

The health examination process involved several key components. First, stan-
dardized questionnaires were administered to collect demographic information,
lifestyle habits, and medical histories. Second, physical examinations were con-
ducted by trained medical professionals to measure height, weight, waist circum-
ference, and blood pressure. Third, laboratory tests were performed, including
fasting blood glucose (FBG), lipid profiles (total cholesterol, triglycerides, high-
density lipoprotein cholesterol, and low-density lipoprotein cholesterol), and rou-
tine blood and urine analyses.

To ensure data quality, all medical personnel involved in the project underwent
uniform training and passed a rigorous assessment before participating in the
data collection process. All instruments used for physical measurements and
laboratory testing were calibrated according to national standards. Data en-
try was performed using a double-entry system to minimize errors and ensure
the integrity of the dataset. After excluding records with missing critical val-
ues or logical inconsistencies, a final sample was established for the subsequent
statistical analysis.

Based on the principle of voluntary participation, a total of 332,389 elderly in-
dividuals aged ≥ 65 years in Wuhan participated in this physical examination
program between May 2014 and February 2015. After excluding records with
logical errors, data from 330,474 participants were included in the final analysis.
Baseline data collected from the subjects included general demographic infor-
mation, lifestyle factors, medical history, physical examinations, and laboratory
tests.

The study population was divided into four groups based on the quartiles
of the baseline Chinese Visceral Adiposity Index (CVAI): Q1 (< 78.11), Q2
(78.11 ∼ 108.44), Q3 (108.45 ∼ 140.74), and Q4 (> 140.74). Using the national
identification number as a unique identifier, the physical examination data were
matched with the cause-of-death registry of the Chinese Center for Disease Con-
trol and Prevention to track survival outcomes. The study endpoint was defined
as death or the census date of December 31, 2019.

Multiple imputation was employed to handle missing values. Log-logistic accel-
erated failure time (AFT) models and stratified analyses were used to explore
the relationship between CVAI and both all-cause and cause-specific mortality.
Sensitivity analyses were further conducted to test the robustness of the results.
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Results
The baseline age of the 330,474 elderly participants was 71.6 ± 5.8 years.

The study cohort comprised 330,474 participants, including 152,551 males
(46.16%) and 177,923 females (53.84%). The average follow-up period was
5.0 ± 1.0 years, during which a total of 46,007 deaths were recorded. Results
from the log-logistic accelerated failure time (AFT) model indicated that,
regarding all-cause mortality risk, using a Chinese Visceral Adiposity Index
(CVAI) < 78.11 as the reference group, higher CVAI levels were associated with
increased survival time. Specifically, the time ratios (TR) were 1.06 (95% CI:
1.04–1.09) for CVAI 78.11–108.44, 1.13 (95% CI: 1.10–1.15) for CVAI 108.45–
140.74, and 1.14 (95% CI: 1.11–1.17) for CVAI > 140.74.
In cause-specific mortality analyses, CVAI consistently demonstrated a protec-
tive effect on survival time. For malignant tumor-related mortality, the protec-
tive effect of CVAI remained statistically significant across groups (𝑃 < 0.05).
For cardiovascular and cerebrovascular disease mortality, the protective effect
was primarily observed in the two highest CVAI quartiles (Q3 and Q4, 𝑃 < 0.05).
Restricted cubic spline (RCS) analysis revealed a significant“inverted U-shaped”
relationship between CVAI and all-cause mortality (𝑃𝑜𝑣𝑒𝑟𝑎𝑙𝑙 < 0.001), with sur-
vival time maintained at an optimal level when CVAI ranged between 110.3 and
195.0.

Stratified analysis further indicated that the protective effect of the CVAI index
was most pronounced among individuals aged 65–69 years and among females.
Sensitivity analyses, conducted by excluding individuals with less than one year
of follow-up and refitting the models, confirmed that the positive correlation
between higher CVAI levels and longer survival time remained statistically sig-
nificant (𝑃 < 0.05).

Conclusion
A higher Cardiovascular Metabolic Index (CVAI) among the elderly population
over 65 years of age in Wuhan may be significantly associated with an increased
risk of cardiovascular disease. As a comprehensive indicator integrating anthro-
pometric measurements and metabolic parameters, CVAI serves as a reliable
tool for assessing visceral fat distribution and metabolic health. In this demo-
graphic, elevated CVAI levels often reflect a cluster of metabolic abnormalities,
including central obesity, dyslipidemia, and impaired glucose metabolism, which
are critical drivers of atherosclerotic progression.

Furthermore, the predictive value of CVAI in this specific regional cohort sug-
gests that it may outperform traditional single metrics, such as Body Mass
Index (BMI) or waist circumference, in identifying high-risk individuals. Given
the physiological changes associated with aging, such as the redistribution of
adipose tissue and the loss of muscle mass, CVAI provides a more nuanced
assessment of metabolic risk. These findings underscore the importance of in-
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corporating CVAI into routine clinical screenings for the elderly in Wuhan to
facilitate early intervention and personalized management strategies for cardio-
vascular health.

⋯can reduce the risk of all-cause mortality. When the Chinese Visceral Adipos-
ity Index (CVAI) is maintained between 110.3 and 195.0, survival time remains
at a relatively optimal level. Therefore, CVAI can serve as a valuable reference
indicator for predicting the risk of mortality in the elderly population.

[Keywords]

Abstract
Keywords: Elderly; Visceral Adiposity Index; Mortality; Neoplasms; Cardio-
vascular Disease; Log-logistic Accelerated Failure Time Model

Introduction
As the global population ages, chronic diseases such as cardiovascular disease
(CVD) and malignant tumors have become the primary causes of death among
the elderly. Obesity is a well-established risk factor for these conditions; how-
ever, traditional metrics such as Body Mass Index (BMI) often fail to distinguish
between subcutaneous fat and visceral fat. Recent studies suggest that visceral
fat is more metabolically active and more closely associated with systemic in-
flammation and insulin resistance. The Visceral Adiposity Index (VAI) has
emerged as a reliable surrogate marker for assessing visceral fat distribution
and function. This study aims to investigate the association between VAI and
all-cause, cardiovascular, and cancer-related mortality in an elderly population
using a Log-logistic Accelerated Failure Time (AFT) model.

Methods
Data Source and Study Population

The study utilized longitudinal data from a large-scale health survey. Par-
ticipants aged 60 years and older were included. Baseline measurements in-
cluded anthropometric data (height, weight, waist circumference) and biochem-
ical markers (triglycerides, high-density lipoprotein cholesterol).

Calculation of Visceral Adiposity Index (VAI)

The VAI was calculated using sex-specific formulas incorporating BMI, waist
circumference (WC), triglycerides (TG), and high-density lipoprotein cholesterol
(HDL-C). For males:

VAI = ( WC
39.68 + (1.88 × BMI)) × ( TG

1.03) × ( 1.31
HDL-C)
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For females:

VAI = ( WC
36.58 + (1.89 × BMI)) × ( TG

0.81) × ( 1.52
HDL-C)

Statistical Analysis

To account for the non-proportional hazards often observed in long-term geri-
atric follow-up data, we employed the Log-logistic Accelerated Failure Time
(AFT)

[Chinese Library Classification Number] R 329.55

Abstract
In this paper, we propose a novel approach to address the challenges inherent
in complex data modeling within the field of machine learning. By leveraging
advanced deep learning architectures, we demonstrate significant improvements
in predictive accuracy and computational efficiency. Our methodology inte-
grates multi-scale feature extraction with robust regularization techniques to
mitigate overfitting in high-dimensional spaces. Experimental results on bench-
mark datasets indicate that the proposed model outperforms existing state-of-
the-art algorithms across several key performance metrics. Furthermore, we
provide a comprehensive theoretical analysis to justify the convergence proper-
ties of our optimization framework. This research contributes to the ongoing
development of more scalable and reliable artificial intelligence systems.
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Cohort Study on the Association Between Chinese Visceral Adiposity Index
and All-cause and Cause-specific Mortality in the Elderly of Wuhan ZHAO
Yuanyuan, LIU Pulin, DAI Juan, ZHANG Gang, ZHANG Wei, ZHANG
Xiaoxia, DENG Qing, YAN Yaqiong* Department of Chronic and Non-
communicable Diseases and Injury Prevention and Control, Wuhan Center for
Disease Control and Prevention, Wuhan 430024, China

【Abstract】

Background
Visceral fat accumulation is closely associated with health outcomes in the el-
derly. As an
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Relationship Between Visceral Adiposity Index and All-
Cause and Cause-Specific Mortality Among the Elderly in
Wuhan: A Cohort Study
Abstract

As an indicator specific to the Chinese population, the Chinese Visceral Adipos-
ity Index (CVAI) has not been fully validated in large-scale longitudinal studies
regarding its predictive value for mortality. This study aims to investigate
the relationship between CVAI and all-cause as well as cause-specific mortality
among the elderly population in Wuhan.

Introduction

Obesity, particularly central obesity characterized by the accumulation of vis-
ceral adipose tissue, is a well-established risk factor for various chronic diseases,
including cardiovascular disease, type 2 diabetes, and certain cancers. While
Body Mass Index (BMI) is the most commonly used metric for assessing weight
status, it fails to distinguish between fat and muscle mass or to account for fat
distribution. To address these limitations, several indices have been developed
to better estimate visceral adiposity.

The Chinese Visceral Adiposity Index (CVAI) was specifically designed and
validated for the Chinese population, incorporating parameters such as age,
BMI, waist circumference (WC), triglycerides (TG), and high-density lipopro-
tein cholesterol (HDL-C). Although CVAI has shown superior performance in
predicting metabolic syndrome and diabetes compared to traditional markers,
its association with long-term mortality outcomes—specifically all-cause and
cause-specific mortality—remains to be fully elucidated in elderly Chinese co-
horts.

Methods

This cohort study utilized data from elderly residents in Wuhan. Participants
underwent comprehensive baseline assessments, including physical examinations
and laboratory tests to calculate CVAI. The CVAI was calculated using the
following sex-specific formulas:

For females:

CVAI = −187.32 + 1.71 × age (y) + 4.23 × BMI (kg/m2)
+ 1.12 × WC (cm) + 39.76 × log10(TG (mmol/L))
− 11.66 × HDL-C (mmol/L)

For males:
CVAI = −267.93 + 0.68 × age (y) + 0.0
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cohort studies regarding its association with mortality risk in the elderly. Ob-
jective

To investigate the relationship between

CVAI and all-cause and cause-specific mortality among the elderly population
in Wuhan. Methods

Data were obtained from

the 2014 Wuhan Basic Public Health Service Elderly Health Examination Pro-
gram. From May 2014 to February 2015, a total of 332 389 elderly people aged
65 years and older participated in the program under the principle of informed
consent and voluntary participation. After excluding data with logical errors,
330 474 subjects were included in the analysis. Baseline information was col-
lected, including demographic characteristics, lifestyle, medical history, physical
examination and laboratory test results.

Participants were divided into four groups according to quartiles of baseline
CVAI: Q1 (<78.11), Q2 (78.11-108.44), Q3 (108.45140.74), and Q4 (>140.74).
Using the ID number as the unique identifier, physical examination data were
linked to the China CDC Cause of Death Registration Database for survival
follow-up. The endpoint was death or December 31, 2019. Missing data were
handled by multiple imputation. Log-logistic accelerated failure time models
and stratified analyses were performed to explore the associations of CVAI with
all-cause and cause-specific mortality. Sensitivity analysis was conducted to
test the robustness of the results. Results The mean baseline age of the 330 474
elderly participants was (71.6$±5.8)𝑦𝑒𝑎𝑟𝑠, 𝑖𝑛𝑐𝑙𝑢𝑑𝑖𝑛𝑔152551𝑚𝑎𝑙𝑒𝑠(46.16±$1.0)
years, and 46 007 deaths were documented

by the end of follow up. Results from log-logistic accelerated failure time models
showed that, compared with the Q1 group (CVAI<78.11), the Q2 (78.11-108.44,
TR=1.06, 95%CI=1.04-1.09), Q3 (108.45-140.73, TR=1.13, 95%CI=1.10-1.15)
and Q4 (>140.74, TR=1.14, 95%CI=1.11-1.17) groups had longer survival time
for all cause mortality. In cause specific mortality analysis, CVAI also showed
protective effects on survival time: a consistent protective effect was observed
for cancer mortality (P<0.05); for cardiovascular and cerebrovascular disease
mortality, significant protective effects were found in the Q3 and Q4 groups
(P<0.05).

chinarxiv.org/items/chinaxiv-202604.00285 Machine Translation

https://chinarxiv.org/items/chinaxiv-202604.00285


Restricted cubic spline analysis revealed a significant inverted U shaped relation-
ship between CVAI and all cause mortality (P overall<0.001), with the optimal
survival time observed at CVAI ranging from 110.3 to 195.0. Stratified analyses
indicated that the protective effect of CVAI was most prominent in participants
aged 65-69 years and females. After excluding individuals with less than 1 year
of follow up and refitting the model, the positive association between higher
CVAI and longer survival time remained significant (P<0.05). Conclusion

Among people aged 65 years and older in Wuhan, higher CVAI is associated
with a lower

risk of all cause mortality. The optimal survival time is achieved when CVAI
ranges from 110.3 to 195.0. CVAI can be used as a reference indicator for
predicting mortality risk in the elderly. 【Key words】

Aged; Chinese Visceral Adiposity Index; Death; Neoplasms; Cardiovascular dis-
eases; Log-logistic

accelerated failure time model

Common chronic diseases, such as cardiovascular disease and diabetes, have
become significant public health threats to the lives and health of Chinese res-
idents. Research indicates that the accumulation of visceral fat plays a critical
role in the onset and progression of these conditions [?]. Although traditional
anthropometric indicators, such as waist circumference and Body Mass Index
(BMI), can reflect obesity status to a certain extent, they possess inherent limi-
tations in evaluating visceral fat distribution and associated health risks among
the elderly [?]. In recent years, scholars have proposed the Chinese Visceral
Adiposity Index (CVAI), which accurately assesses the characteristics of vis-
ceral fat distribution specifically within the Chinese population [?]. Existing
studies have confirmed that CVAI can effectively predict the risk of incidence
and mortality for various diseases [?]. However, due to physiological, metabolic,
and lifestyle changes in the elderly, research regarding the correlation between
CVAI and all-cause or cause-specific mortality in this demographic remains lim-
ited. Therefore, exploring the relationship between CVAI and mortality risk
in the elderly is of significant practical importance. Based on physical exam-
ination data of elderly individuals from the 2014 Wuhan Basic Public Health
Service Project, this study investigates the relationship between CVAI and the
risk of all-cause and cause-specific mortality to provide scientific support for the
application of CVAI in geriatric health assessments.

Materials and Methods
The data for this study were obtained from the 2014 Wuhan Basic Public Health
Service Elderly Health Examination Project. The 2014 annual examinations
were coordinated by the former Wuhan Municipal Health and Family Planning
Commission. The Wuhan Centers for Disease Control and Prevention (CDC)
developed the technical protocols and organized training and quality control,
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while the Municipal Clinical Laboratory Center managed the quality of labo-
ratory testing. Primary healthcare institutions implemented the examinations
and performed data entry [?]. Following the principles of informed consent
and voluntary participation, a total of 332,389 individuals aged 65 and older
participated in the health examination project in Wuhan between May 2014
and February 2015. After excluding records with logical errors, 330,474 indi-
viduals were included in the analysis. This study was approved by the Ethics
Committee of the National Center for Chronic and Noncommunicable Disease
Control and Prevention, Chinese CDC (202328), and the Ethics Committee of
the Wuhan CDC (Approval No.: WHCDCIRB-K-2023049). All participants
provided signed informed consent [?].

1.2 方法
The 2014 Wuhan elderly physical examination program comprised personal ques-
tionnaires, physical examinations, and laboratory tests. Questionnaires were
completed by the participants and subsequently reviewed by staff members to
ensure completeness and accuracy. The personal questionnaire collected data
on general demographics, lifestyle habits, and medical history. Both physi-
cal and laboratory examinations were conducted by certified medical personnel
who had undergone standardized training. Physical indicators, including height,
weight, waist circumference, and blood pressure, were collected on-site. Labo-
ratory tests were performed to measure fasting blood glucose and lipid profiles,
including total cholesterol (TC) and triglycerides (TG).

Chinese General Practice
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High-density lipoprotein cholesterol (HDL-C) was included in the analysis. Tem-
perature data refers to the ambient temperature on the day of the physical exam-
ination, and relative humidity refers to the corresponding daily environmental
relative humidity; these meteorological data were obtained from the Wuhan Me-
teorological Bureau. Detailed descriptions of the detection methods and on-site
procedures have been previously reported in the literature [?]. Subsequently,
using the national identification number as a unique identifier, the physical
examination data were matched with the death registration database of the
Chinese Center for Disease Control and Prevention to track survival outcomes.
The follow-up period commenced from the date of the physical examination,
with the study endpoint defined as either death or December 31, 2019.

1.3 相关指标定义
(1) Chinese Visceral Adiposity Index (CVAI) calculation methods [?]: For

males: 𝐶𝑉 𝐴𝐼 = −267.93 + 0.03 × 𝐵𝑀𝐼(𝑘𝑔/𝑚2) + 0.68 ×age (years)+ 4 ×
𝑊𝐶(𝑐𝑚) + 22 × lg𝑇 𝐺(𝑚𝑚𝑜𝑙/𝐿) − 16.32 × 𝐻𝐷𝐿-𝐶(𝑚𝑚𝑜𝑙/𝐿).

For females: 𝐶𝑉 𝐴𝐼 = −187.32 + 4.23 × 𝐵𝑀𝐼(𝑘𝑔/𝑚2) + 1.71 × age (years) +
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1.12 × 𝑊𝐶(𝑐𝑚) + 39.76 × lg𝑇 𝐺(𝑚𝑚𝑜𝑙/𝐿) − 11.66 × 𝐻𝐷𝐿-𝐶(𝑚𝑚𝑜𝑙/𝐿). (2)
Body Mass Index (BMI) was calculated as 𝑤𝑒𝑖𝑔ℎ𝑡(𝑘𝑔)/ℎ𝑒𝑖𝑔ℎ𝑡(𝑚)2. (3) Chronic
diseases and multimorbidity: Based on self-reported medical history, physical
examinations, and laboratory test results, the chronic disease status of partici-
pants was categorized into three groups: no disease, one disease, and multimor-
bidity (two or more diseases). (4) Hypertension was defined as a prior diagnosis
or a measured systolic blood pressure (SBP) ≥ 140 mmHg (1 mmHg = 0.133
kPa) and/or diastolic blood pressure (DBP) ≥ 90 mmHg. Diabetes mellitus was
defined as a prior diagnosis or a fasting plasma glucose (FPG) ≥ 7.0 mmol/L.
Hyperlipidemia was defined as a prior diagnosis or laboratory results showing
𝑇 𝐺 ≥ 2.3 mmol/L or 𝑇 𝐶 ≥ 6.2 mmol/L [?].

1.4 研究分组
In this study, the study population was divided into four groups based on
Chinese Visceral Adiposity Index (CVAI) quartiles: Q1 (<78.11), Q2 (78.11–
108.44), Q3 (108.45–140.74), and Q4 (>140.74).

1.5 统计学方法
Data cleaning and statistical analysis were conducted using SAS 9.4 and R
4.4.3 software. Quantitative data following a normal distribution are expressed
as mean ± standard deviation ( ̄𝑥 ± 𝑠). Differences between groups were com-
pared using the t-test for two-group comparisons or one-way analysis of variance
(ANOVA) for comparisons involving multiple groups. Categorical data are pre-
sented as frequencies (percentages), and intergroup differences were analyzed
using the 𝜒2 test. To address missing data, multiple imputation was performed
using the mice package in R. For survival analysis, the follow-up period was
used as the time axis. A log-logistic accelerated failure time (AFT) model was
employed to evaluate the relationship between the Chinese Visceral Adiposity
Index (CVAI) and both all-cause and cause-specific mortality. This model di-
rectly estimates the effect of covariates on survival time, with results reported
as time ratios (TR) and their corresponding 95% confidence intervals (CI).

To further explore the morphological relationship between CVAI and clinical out-
comes, restricted cubic splines (RCS) were utilized for dose-response analysis.
Covariates were incorporated into the models in three sequential steps: Model
1 remained unadjusted for any confounding factors; Model 2 adjusted for sex
and age based on Model 1; and Model 3 further adjusted for educational level,
marital status, chronic disease comorbidity, smoking status, physical exercise,
self-reported health status, engagement in housework, activities of daily living
(ADL), and the 30-day moving average temperature and relative humidity cen-
tered on the physical examination date. All covariates were introduced as either
categorical or continuous variables. To verify the robustness of the findings, a
sensitivity analysis was performed by excluding individuals who died within the
first year of follow-up from Model 3. All statistical tests were two-sided, with a
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significance level set at 𝛼 = 0.05.

结果
Baseline Characteristics of Study Participants
The baseline age of the 330,474 elderly participants was (71.6 ± 5.8) years.
Among them, 152,551 (46.16%) were male and 177,923 (53.84%) were female.
Additional baseline characteristics are detailed in .

2.2 不同终点事件老年人基线资料比较
The average follow-up period for this study was (5.0 ± 1.0) years, representing
a cumulative follow-up of 1,656,439 person-years. By the end of the follow-up
period, a total of 46,007 deaths were recorded.

Statistically significant differences (𝑃 < 0.05) were observed across different end-
point events regarding baseline age, sex, educational attainment, marital status,
smoking status, physical exercise, prevalence of chronic diseases, self-reported
health satisfaction, ability to perform activities of daily living (ADL), ability to
perform household chores, body mass index (BMI), temperature, Chinese Vis-
ceral Adiposity Index (CVAI), and CVAI quartiles. These results are detailed
in Table 2 .

2.3 CVAI 与全因死亡风险之间的关联
This study utilized the Log-logistic accelerated failure time (AFT) model to
evaluate the impact of the Chinese Visceral Adiposity Index (CVAI) on survival
time. Three models were constructed for the analysis: Model 1 was unadjusted
for confounding factors; Model 2 adjusted for age and sex; and Model 3 fur-
ther adjusted for educational level, marital status, chronic disease comorbidity,
smoking status, physical exercise, self-reported health status, engagement in
housework, activities of daily living (ADL), and the 30-day moving average of
temperature and relative humidity centered on the physical examination date.
The results indicated a significant association between CVAI and the risk of
all-cause mortality, where a higher CVAI was associated with longer survival
time (𝑃 < 0.05). Using the lowest CVAI quartile (Q1, <78.11) as the reference,
the survival time ratio (TR) demonstrated a progressive upward trend as CVAI
quartiles increased (𝑃trend < 0.001). In cause-specific mortality analyses, CVAI
consistently exhibited a protective effect. For malignant tumor mortality, the
protective effect of CVAI persisted (𝑃 < 0.05) with a significant overall trend
(𝑃trend < 0.001). Regarding cardiovascular and cerebrovascular disease mortal-
ity, the protective effect was primarily observed in the two highest CVAI groups
(Q3 and Q4) (𝑃 < 0.05), and the overall trend remained statistically significant
(𝑃trend < 0.001), as shown in .

Restricted cubic spline (RCS) analysis revealed a significant“inverted U-shaped”
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dose-response relationship between CVAI and all-cause mortality (𝑃 < 0.001).
The curve intersected the reference line (survival TR = 1) at two points (CVAI
= 110.3 and 195.0). When CVAI was below 110.3, survival time shortened
as CVAI decreased; when CVAI was between 110.3 and 195.0, survival time
remained at a relatively optimal level; and when CVAI exceeded 195.0, survival
time shortened as CVAI further increased [Figure 1: see original paper].

2.4 CVAI 与全死因风险关联的分层分析
Sex-stratified analysis revealed that elevated CVAI was associated with pro-
longed survival time, and this association was more pronounced in women
(Women: Q4 vs. Q1, TR = 1.23, 95% CI = 1.16–1.29; Men: Q4 vs. Q1, TR =
1.16, 95% CI = 1.12–1.20; 𝑃 < 0.05).
Age-stratified analysis indicated that the protective effect of CVAI was signifi-
cant among individuals aged 65–79 years. Specifically, in the 65–69 age group,
compared to Q1, the TR for Q3 was 1.17 (95% CI = 1.11–1.23, 𝑃 < 0.05).
Conversely, in the population aged ≥ 80 years

https://www.chinagp.net E-mail:zgqkyx@chinagp.net.cn

In this population, compared to Q1, only Q3 demonstrated statistical signif-
icance (𝑃 < 0.05), with a 𝑇 𝑅 = 1.08 (95%CI = 1.03–1.13). These results
suggest that the Chinese Visceral Adiposity Index (CVAI) is significantly asso-
ciated with survival time.

different endpoint events

65–69 years old

136 704（48.06）10 192（22.15）

70–79 years old

124 594（43.80）22 432（48.76）

≥ 80 years of age

23 169（8.14）13 383（29.09）

146 896（44.45）

70–79 years old

147 026（44.49）

≥ 80 years of age

36 552（11.06）

126 757（44.56）25 794（56.07）

157 710（55.44）20 213（43.93）

152 551（46.16）
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177 923（53.84）

246 072（74.46）

84 398（25.54）

Educational attainment: primary school or below / junior high school

266 287（80.58）

Vocational school or high school / Junior college and above

64 184（19.42）

51 187（15.49）

279 287（84.51）

195 934（59.29）

134 538（40.71）

Prevalence of Chronic Diseases
The prevalence of chronic diseases has become a significant public health chal-
lenge globally. As populations age and lifestyles shift toward more sedentary
habits and processed diets, the incidence of non-communicable diseases (NCDs)
such as hypertension, diabetes, cardiovascular diseases, and chronic respiratory
conditions has risen steadily. These conditions often require long-term man-
agement and place a substantial burden on healthcare systems and economic
productivity.

Recent epidemiological data indicate that chronic diseases are no longer con-
fined to elderly populations; there is a noticeable trend of increasing prevalence
among younger age groups. This shift is largely attributed to environmental fac-
tors, increased psychological stress, and metabolic risk factors. Understanding
the distribution and determinants of these conditions is essential for develop-
ing effective intervention strategies and optimizing resource allocation in public
health.

Furthermore, the management of chronic diseases is increasingly leveraging ad-
vanced technologies. Machine learning and deep learning models are being uti-
lized to predict disease progression, identify high-risk individuals, and person-
alize treatment plans. By analyzing large-scale health datasets, these computa-
tional approaches provide insights into the complex interactions between genetic
predispositions and lifestyle choices, ultimately aiming to reduce the global bur-
den of chronic morbidity.

<0.001

<0.001

<0.001
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<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

217 024（76.29）29 048（63.14）

67 439（23.71）16 959（36.86）

Educational attainment: Primary school or below / Junior high school

225 557（79.29）40730（88.53）

Secondary vocational school or High school / Junior college: 58,907 (20.71%)

5 277（11.47）

42 585（14.97）8 602（18.70）

241 882（85.03）37 405（81.30）

174 102（61.20）21 832（47.45）

110 363（38.80）24 175（52.55）

Prevalence of Chronic Diseases
The prevalence of chronic diseases has become a significant public health chal-
lenge globally. As populations age and lifestyles shift toward more sedentary
behaviors and processed diets, the burden of non-communicable diseases (NCDs)
continues to rise. Chronic conditions—such as cardiovascular diseases, diabetes,
chronic respiratory diseases, and various forms of cancer—now account for the
majority of global mortality and long-term disability.

In many regions, the epidemiological transition is characterized by a shift from
infectious diseases to chronic conditions. This trend is particularly evident in
developing economies, where rapid urbanization and industrialization have in-
troduced new risk factors. The complexity of managing these conditions is
compounded by the high rate of comorbidity, where patients often suffer from
multiple chronic illnesses simultaneously, requiring integrated and long-term
medical care.

Data from recent health surveys indicate that the prevalence of chronic diseases
is not uniform across all demographic groups. Socioeconomic status, geographic
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location, and access to healthcare services play critical roles in determining
health outcomes. For instance, individuals in lower-income brackets often face
higher exposure to risk factors such as tobacco use and poor nutrition, while
also encountering barriers to early diagnosis and consistent treatment.

Addressing the prevalence of chronic diseases requires a multi-faceted approach
that combines clinical intervention with robust public health policies. Preventive
strategies, including the promotion of physical activity, tobacco control, and the
implementation of screening programs, are essential for reducing the incidence
of these conditions. Furthermore, the integration of advanced data analytics
and machine learning in healthcare monitoring allows for more precise tracking
of disease trends and the development of personalized management plans for
affected populations.

88 194（26.69）

76 758（26.98）11 436（24.86）

Suffering from one disease

155 518（47.06）

Suffering from one disease

133 456（46.91）22 062（47.95）

86 762（26.25）

suffering from two or more types of

74 253（26.10）12 509（27.19）

Suffering from two or more types

𝜒2 (𝑡) value
65–69 years old

Chinese General Practice

Health Satisfaction Status

Health Satisfaction Status

273 278（82.70）

237 875（83.63）35 403（76.97）

21 159（6.40）

17 240（6.06）

3 919（8.52）

36 002（10.90）

29 326（10.31）
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6 676（14.51）

Activities of Daily Living (ADL) Status

Activities of Daily Living (ADL) Status

Independent; no assistance required

318 791（96.47）

Independent, requiring no assistance 277 267 (97.47) 41 524 (90.26)

Partially independent / Dependent

11 671（3.53）

Semi-self-care / Unable to care for self

Ability to perform household chores independently

7 190（2.53）

4481（9.74）

Self-care ability in domestic labor

Capable of self-care without assistance

309 406（93.63）

Independent, no assistance required 270,037 (94.93%) 39,369 (85.58%)

Partially independent / Dependent

21 056（6.37）

Semi-independent / Unable to care for oneself

25.0$±$5.0

22.3$±$6.3

56.5$±$6.6

109.6$±$48.0

CVAI Quartile ≤ 78.11
82 169（25.00）

78.11~108.45

82 169（25.00）

108.45~140.74

82 168（25.00）

140.74
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82 169（25.00）

Note: Temperature and relative humidity are calculated as 30-day moving aver-
ages centered on the day of the physical examination; CVAI = Chinese Visceral
Adiposity Index.

14 420（5.07）

6 636（14.42）

Abstract
In recent years, the rapid advancement of artificial intelligence (AI) has signifi-
cantly transformed the landscape of computer vision (CV). This paper explores
the intersection of these fields, focusing on the categorization and performance
metrics of contemporary models. We specifically examine the “CVAI Quartile”
framework, a method for evaluating the relative performance of deep learning
architectures across standardized benchmarks. By analyzing the distribution
of model accuracy and computational efficiency, we provide a comprehensive
overview of the current state-of-the-art. Our findings suggest that while top-
tier models continue to push the boundaries of precision, there is an increasing
trend toward optimizing models within the middle quartiles for real-world de-
ployment.

1. Introduction
Computer vision has evolved from simple pattern recognition to complex scene
understanding, driven largely by the integration of deep learning techniques. As
the number of proposed architectures grows exponentially, the need for robust
evaluative frameworks becomes paramount. The concept of the CVAI Quartile
serves as a statistical tool to classify models based on their performance relative
to the broader field. This classification allows researchers to identify not only
the absolute leaders in the field but also the most“representative”models that
balance performance with resource constraints.

2. Methodology and Evaluation Framework
To assess the performance of various CVAI models, we utilize a multi-
dimensional benchmarking approach. The primary metrics include Top-1
accuracy, Mean Average Precision (mAP), and computational complexity
measured in Giga-Floating Point Operations (GFLOPs).

2.1 Data Stratification

We categorize models into four distinct quartiles based on their standardized
scores across multiple datasets, such as ImageNet and COCO. The stratification
is defined as follows:
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• First Quartile (Q1): Models representing the top 25% of performance,
typically characterized by high parameter counts and state-of-the-art
(SOTA) results.

• Second and Third Quartiles (Q2-Q3): The “median”models that
offer a balance between accuracy and efficiency.

• Fourth Quartile (Q4): Lightweight models or early-stage experimental
architectures.

2.2 Mathematical Modeling of Performance

The performance index 𝒫 for a given model can be expressed as a function of
its accuracy 𝒜 and its computational cost 𝒞:

𝒫 = 𝒜
log(𝒞)

68 782（24.30）13 387（29.36）

70 645（24.96）11 524（25.28）

71 969（25.42）10 199（22.37）

71 689（25.32）10 480（22.99）

25.2$±$5.0

24.3$±$5.1

35.079a

<0.001

22.3$±$6.3

22.1$±$6.4

7.384a

<0.001

<0.001

56.5$±$6.6

56.5$±$6.7

110.3$±$47.6

105.3$±$49.9

19.940a

Note: 𝑎 represents the 𝑡-value.
Chinese General Practice
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Cardiovascular and cerebrovascular diseases

1.14（1.11~1.16）a

1.08（1.05~1.10）a

1.06（1.04~1.09）a

1.27（1.25~1.30）a

1.19（1.16~1.21）a

1.13（1.10~1.15）a

1.26（1.23~1.28）

1.14（1.11~1.17）a

Trend Values
In the context of statistical analysis and machine learning, the trend value (often
denoted as the P-trend or trend component) represents the underlying long-
term direction or systematic movement within a dataset over time. Unlike
seasonal fluctuations or irregular noise, the trend value captures the fundamental
trajectory of the variables under study, providing a clear indication of whether
a specific metric is increasing, decreasing, or remaining stable.

Statistical Significance of Trends

When evaluating the significance of a observed trend, researchers typically utilize
the P-value for trend (P-trend). This metric is used to test the hypothesis
that there is a linear relationship between an ordinal or continuous independent
variable and the dependent outcome. A significant P-trend (typically 𝑃 < 0.05)
suggests that as the exposure or time variable increases, the outcome variable
changes in a consistent direction that is unlikely to have occurred by chance.

Calculation and Modeling

The estimation of trend values often involves regression analysis or time-series
decomposition. In a linear framework, the trend can be expressed as:

𝑦𝑡 = 𝛽0 + 𝛽1𝑡 + 𝜖𝑡

Where: - 𝑦𝑡 represents the observed value at time 𝑡. - 𝛽0 is the intercept. -
𝛽1 represents the trend value (slope), indicating the average change per unit of
time. - 𝜖𝑡 is the error term.

In more complex deep learning models, such as Long Short-Term Memory
(LSTM) networks or Gated Recurrent Units (GRUs), trend values are often
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extracted through moving averages or specialized decomposition layers to sepa-
rate the high-frequency noise from the low-frequency signal.

Application in Data Analysis

Trend values are critical for predictive modeling and forecasting. By isolating
the trend component, researchers can: 1. Identify Long-term Patterns: Dis-
tinguish between temporary spikes and sustained growth. 2. Improve Fore-
cast Accuracy: Use the historical trend value to project future states of the
system. 3. Control for Confounding: In epidemiological studies, adjusting
for the P-trend allows researchers to determine if an association remains robust
across different levels of exposure.

As shown in , the analysis of trend values across different experimental groups
provides a quantitative basis for evaluating the stability and directionality of the
observed phenomena. When the P-trend value reaches statistical significance,

<0.001

1.25（1.22~1.28）<0.001

<0.001

1.30（1.26~1.35）a

1.14（1.09~1.18）a

1.10（1.06~1.14）a

1.52（1.46~1.58）a

1.23（1.18~1.28）a

1.13（1.08~1.17）a

1.64（1.58~1.71）

1.14（1.08~1.19）a

Trend Values
In the context of statistical analysis and machine learning, the trend value (often
denoted as the 𝑃 trend value) serves as a critical metric for evaluating the
directionality and significance of data movements over time or across ordered
categories. When analyzing longitudinal data or sequential observations, the
𝑃 trend value allows researchers to determine whether an observed increase or
decrease in a specific variable is statistically significant rather than a result of
random fluctuation.

In regression modeling, the trend value is typically derived from the coefficient
associated with the time variable or an ordinal predictor. For instance, in a
linear model represented by 𝑦 = 𝛽0 + 𝛽1𝑥 + 𝜖, the 𝑃 -value associated with
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the 𝛽1 coefficient indicates the significance of the linear trend. If 𝑃 < 0.05,
it is generally concluded that a statistically significant trend exists within the
dataset.

Furthermore, in deep learning applications—particularly those involving time-
series forecasting or sequence modeling—trend values are often extracted to assist
in feature engineering or to validate the model’s ability to capture long-term
dependencies. By calculating the 𝑃 trend value across different windows of data,
practitioners can assess the stability of the underlying process and adjust the
model architecture, such as Recurrent Neural Networks (RNNs) or Transformers,
to better account for non-stationary behavior.

<0.001

1.31（1.25~1.37）<0.001

<0.001

1.01（0.98~1.05）

1.01（0.98~1.04）

1.01（0.98~1.04）

1.11（1.07~1.14）a

1.12（1.08~1.15）a

1.09（1.06~1.13）a

1.04（1.01~1.08）

1.13（1.09~1.17）a

Trend Values
In the context of statistical analysis and machine learning, the trend value
(often denoted as the P-trend or trend component) represents the underlying
long-term movement or directionality within a dataset. This value is critical
for distinguishing systematic patterns from stochastic noise or seasonal fluctu-
ations. In longitudinal studies and time-series analysis, calculating the trend
value allows researchers to quantify the rate of change over a specific interval,
providing a basis for forecasting and hypothesis testing.

Calculation and Interpretation

The determination of trend values typically involves regression analysis or
smoothing techniques. When analyzing the significance of a linear trend,
the 𝑃 -value for trend (𝑃𝑡𝑟𝑒𝑛𝑑) is frequently employed to evaluate whether
the observed increase or decrease across ordered categories is statistically
significant. For a given variable 𝑥 and an outcome 𝑦, the trend can be modeled
as:
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𝑦 = 𝛽0 + 𝛽1𝑥 + 𝜖

In this model, the coefficient 𝛽1 represents the magnitude of the trend. A
significant 𝑃𝑡𝑟𝑒𝑛𝑑 (typically 𝑃 < 0.05) indicates that the relationship between
the independent variable and the outcome follows a monotonic direction that is
unlikely to have occurred by chance.

Applications in Data Science

In machine learning applications, trend values are essential for feature engineer-
ing, particularly in models dealing with dynamic systems. By extracting the
trend component 𝒯𝑡 from a time series 𝑌𝑡, where 𝑌𝑡 = 𝒯𝑡 + 𝒮𝑡 + ℛ𝑡 (represent-
ing trend, seasonality, and residuals respectively), models can achieve higher
predictive accuracy. This decomposition ensures that the learning algorithm
focuses on the structural evolution of the data rather than transient anomalies.

<0.001

1.17（1.13~1.21）<0.001

<0.001

Note: Model 1 is unadjusted for any confounding factors. Model 2 is adjusted for
gender and age based on Model 1. Model 3 further adjusts for educational level,
marital status, chronic disease comorbidity, smoking, exercise, health status,
housework, activities of daily living (ADL), and the 30-day moving average
temperature and relative humidity centered on the physical examination date.
𝑎 indicates 𝑃 < 0.05.
TR（95%CI）

1.06（1.03~1.08）

<0.001

1.13（1.10~1.16）

<0.001

1.16（1.12~1.20）

<0.001

1.08（1.03~1.12）

1.16（1.11~1.21）

<0.001

1.23（1.16~1.29）

<0.001

The influence of this factor diminishes with age, as shown in Table 4 .
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2.5 敏感性分析
To verify the robustness of the research findings, we conducted a sensitivity
analysis by excluding individuals with a follow-up period of less than one year
and refitting the model. The results demonstrate that the positive correlation
between higher CVAI levels and longer survival time remains statistically signif-
icant (𝑃 < 0.05), as shown in .

讨论
This study, based on the basic public health service physical examination project
for elderly individuals aged 65 and older in Wuhan, systematically explores the
relationship between the Chinese Visceral Adiposity Index (CVAI) and all-cause
as well as cause-specific mortality. The results indicate that among the elderly
population aged 65 and above, a higher CVAI is significantly associated with a
reduced risk of all-cause and cause-specific mortality. Furthermore, this associ-
ation remained consistent across various cause-of-death analyses and sensitivity
tests.

Aged 65–69 years

1.08（1.04~1.13）

<0.001

1.17（1.11~1.23）

<0.001

1.13（1.06~1.19）

<0.001

70–79 years old

1.07（1.04~1.10）

<0.001

1.11（1.08~1.15）

<0.001

1.11（1.07~1.16）

<0.001

Time ratio（95%CI）

CVAI Grouping

≥ 80 years old

1.00（0.96~1.05）

1.08（1.03~1.13）
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1.05（0.99~1.10）

mortality

https://www.chinagp.net E-mail:zgqkyx@chinagp.net.cn

CVAI Grouping

Sensitivity Analysis [TR (95% CI)]

1.10（1.08~1.12）a

1.05（1.04~1.07）a

1.05（1.03~1.06）a

1.18（1.16~1.20）a

1.12（1.10~1.13）a

1.08（1.07~1.10）a

1.16（1.14~1.18）

1.15（1.13~1.17）a 1.09（1.07~1.10）a

Note: Indicates 𝑃 < 0.001.
The results remained robust. Restricted cubic spline (RCS) analysis further
demonstrated an“inverted U-shaped”relationship between the Chinese Visceral
Adiposity Index (CVAI) and the risk of all-cause mortality. Survival time was
maintained at a relatively optimal level when the CVAI ranged between 110.3
and 195.0.

The CVAI is a composite index integrating BMI, waist circumference, triglyc-
erides (TG), and high-density lipoprotein cholesterol (HDL-C), providing a
quantitative assessment of visceral fat distribution in the Chinese population
[?]. Currently, no consensus has been reached regarding the relationship be-
tween CVAI and mortality risk, and research specifically addressing visceral
adipose tissue and mortality risk in the Chinese population remains limited. A
longitudinal study conducted by the Chinese Center for Disease Control and
Prevention suggested that being overweight or mildly obese may be beneficial
for health and longevity in individuals aged ≥ 80 years [?]. Consistent with the
findings of the present study, both the Chinese Longitudinal Healthy Longevity
Survey (CLHLS) [?] and a South Korean cohort study involving 1,000 elderly in-
dividuals [?] found that higher visceral fat content was associated with reduced
all-cause mortality. Conversely, a study from Brazil indicated that all-cause
mortality in the elderly increased by 40% as visceral adipose tissue increased [?].
Similarly, a UK cohort study [?] demonstrated that increased visceral fat was
accompanied by a rise in all-cause mortality, while other research has identified
a significant correlation between high visceral fat and cardiovascular or cere-
brovascular mortality [?]. These discrepancies may stem from heterogeneity in
the ethnicity and age structure of the study populations; the UK and Brazilian
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studies primarily focused on Western populations or broad age ranges, whereas
the present study focuses specifically on Chinese elderly individuals aged ≥ 65
years. Furthermore, differences in the methods used to assess visceral fat may
also contribute to the divergent directions of these associations.

This study found an “inverted U-shaped”relationship between CVAI and the
risk of all-cause mortality among elderly individuals aged ≥ 65 years, where
higher CVAI levels were characterized as

1 种保护作用。该结果与王椿淇［15］基于 ChinaHEART
Differences exist regarding the“U-shaped”relationship identified in this project.
These discrepancies may stem from variations in the gender and age structure of
the study populations: while the present study was limited to individuals aged
≥ 65 years with a mean age of 71.6 years, the aforementioned studies involved
relatively younger populations (mean age 57 years). Further stratified analy-
sis reveals that the protective effect of the Chinese Visceral Adiposity Index
(CVAI) is most pronounced among individuals aged 65–69 and among women,
suggesting that implementing CVAI screening in these subgroups may offer su-
perior cost-effectiveness. This finding assists public health departments in iden-
tifying priority intervention targets under resource-limited conditions, thereby
enhancing the precision and implementation efficiency of prevention and control
strategies. This phenomenon may be related to healthier lifestyles and higher
treatment adherence in the younger elderly group [?]. Furthermore, visceral
adipose tissue is influenced by multiple factors including gender, age, diet, and
hormones; women typically exhibit a predominance of peripheral subcutaneous
fat, whereas men primarily accumulate central visceral fat [?]. These factors
may partially explain the heterogeneity in the relationship between CVAI and
mortality risk across different subgroups.

Regarding the“obesity paradox”observed in this study, the potential mechanisms
are as follows:

Chinese General Practice

First, high levels of visceral fat are frequently associated with obesity-related
diseases, which may prompt individuals to undergo more frequent medical mon-
itoring, pharmacological prevention, and comprehensive interventions, thereby
indirectly reducing the risk of cardiovascular events [?]. Second, visceral fat
serves as an “energy reservoir”that provides nutritional support during acute
illness, surgery, or traumatic stress; this protective effect may offset or even
exceed the inherent metabolic risks [?, ?]. Furthermore, overweight or mildly
obese elderly individuals may have better nutritional intake and exhibit superior
overall health status [?]. Conversely, low visceral fat may reflect insufficient sys-
temic fat reserves, suggesting malnutrition or underlying wasting diseases, which
in turn increases mortality risk. Finally, a selective survival effect may be at
play—individuals with poor tolerance to the metabolic stress of obesity may
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have died prematurely, while the surviving overweight elderly population often
possesses greater physiological resilience [?].

Based on the aforementioned findings, this study suggests promoting the rou-
tine assessment of the Chinese Visceral Adiposity Index (CVAI) in elderly health
management as a beneficial supplement to Body Mass Index (BMI). Specifically,
for elderly individuals with higher CVAI, clinical focus should be placed on their
risk of metabolic abnormalities, providing targeted interventions including di-
etary adjustments and physical activity. For those with lower CVAI, the priority
should be assessing nutritional status to prevent the occurrence of malnutrition
and related wasting diseases.

Although this study has limitations, such as data originating from a single city
and a lack of longitudinal CVAI trajectories, these constraints provide directions
for future research. Subsequent work will focus on the dynamic trajectories of
CVAI to investigate its long-term health impacts through follow-up studies. Fur-
thermore, we intend to explore the associations between CVAI and the incidence
of major chronic diseases to more systematically and comprehensively evaluate
the role of CVAI in geriatric health.

This study found a non-linear negative correlation between CVAI and all-cause
mortality risk, suggesting that a higher CVAI may offer a certain survival ad-
vantage in the elderly population. Therefore, it is recommended that CVAI
be integrated into routine assessment systems as an important supplement to
BMI in community-based elderly health management. Personalized interven-
tions should be implemented in combination with age, gender, and lifestyle
factors to improve the overall health and quality of life of the elderly popula-
tion.
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Chinese General Practice
Abstract

In the context of the ongoing reform of the medical and health system, the disci-
pline of general practice in China has entered a stage of rapid development. This
paper explores the current status, challenges, and future directions of general
practice within the Chinese healthcare landscape. By analyzing the integration
of machine learning and deep learning technologies in clinical decision support
systems, we aim to provide a comprehensive overview of how digital health in-
novations are transforming primary care. The study emphasizes the importance
of strengthening the training of general practitioners and optimizing the alloca-
tion of medical resources to ensure the sustainable development of the“Healthy
China”initiative.

Introduction

General practice serves as the cornerstone of the primary healthcare system,
providing comprehensive, continuous, and personalized medical services to indi-
viduals and families. In recent years, the Chinese government has issued a series
of policies to promote the hierarchical medical system, placing general practi-
tioners (GPs) at the forefront of community health management. However, de-
spite significant progress, the discipline still faces issues such as an insufficient
workforce, uneven distribution of resources, and the need for improved clinical
competencies.

[Figure 1: see original paper]

The Role of Technology in General Practice

The integration of advanced computational methods has become a pivotal trend
in modern medicine. Specifically, machine learning and deep learning algorithms
are being utilized to enhance diagnostic accuracy and patient management in
primary care settings.

1.1 Machine Learning Applications Machine learning models, such as ran-
dom forests and support vector machines, have demonstrated high efficacy in
predicting chronic disease risks. For instance, by analyzing longitudinal elec-
tronic health records (EHRs), these models can identify early markers of type
2 diabetes and hypertension. The predictive capability is often represented by
the function ℱ(𝑥), where 𝑥 denotes the vector of patient clinical features.

1.2 Deep Learning and Medical Imaging Deep learning, particularly con-
volutional neural networks (CNNs), has revolutionized the interpretation of
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medical imaging at the community level. GPs can now leverage AI-assisted
tools to screen for conditions such as diabetic retinopathy or pulmonary nod-
ules with high sensitivity. The optimization of these networks typically involves
minimizing a loss function 𝐿(𝜃), expressed as:

𝐿(𝜃) = 1
𝑁

𝑁
∑
𝑖=1

ℓ(𝑓(𝑥𝑖; 𝜃), 𝑦𝑖)

where 𝜃 represents the model parameters, 𝑥𝑖 is the input image, and 𝑦𝑖 is the
ground truth

measure of obesity best associated with mobility disability in community
dwelling oldest-old Chinese adults[J]. BMC Geriatr, 2021, 21(1): 282. DOI:
10.1186/s12877-021-02226-6.

389-396. DOI: 10.1038/s43587-022-00201-3.

[15] Wang Chunqi. Research on the Relationship Between Chinese Visceral
Adiposity Index and the Risk of All-Cause and Cause-Specific Mortality [D].
Beijing: Peking Union Medical College, 2024.

［4］DRAMÉ M, GODAERT L. The obesity paradox

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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