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Abstract

Objective To investigate the association between cardiopulmonary function indicators derived from cardi-
opulmonary exercise testing (CPET) and incident cardiometabolic risk factors (CMRFs) in an occupational
population, and to identify the optimal CPET-based predictive indicators/models for CMRFs. Methods A
single-center prospective cohort study was conducted. A total of 126 occupational adults (59.2% male; mean
age: 41.2 + 8.5 years) who underwent health check-ups at the Health Management Center of Beijing
Zhongguancun Hospital from January 2022 to June 2025 were enrolled. Inclusion criteria included age 28-
60 years, fixed occupation for >1 year, no severe cardiopulmonary diseases/malignant tumors/hepatic/renal
failure, ability to complete CPET, and informed consent. Exclusion criteria included >3 pre-existing CMRFs,
recent use of metabolism/cardiopulmonary function-affecting drugs, loss to follow-up, and acute dis-
eases/major surgery during follow-up. CPET indicators included peak oxygen consumption (VO:peak,
mL/kg/min), anaerobic threshold (AT, mL/kg/min), peak heart rate (HRpeak, beats/min), and oxygen pulse
(Ozpulse, mL/beat). CMRFs (hypertension, hyperglycemia, dyslipidemia, overweight/obesity) were defined
based on standard criteria. Multivariate Logistic regression analyzed the association between CPET indica-
tors and CMREF risk; receiver operating characteristic (ROC) curves evaluated predictive efficacy. Results
During 2-year follow-up, 40.5% (n=51) of participants developed CMRFs. The case group (with CMRFs)
had higher age, sedentary occupation proportion, smoking rate, and levels of systolic blood pressure (SBP),
diastolic blood pressure (DBP), fasting plasma glucose (FPG), total cholesterol (TC), triglycerides (TG),
low-density lipoprotein cholesterol (LDL-C), body mass index (BMI), and HRpeak, but lower regular exer-
cise rate, high-density lipoprotein cholesterol (HDL-C), VOqpeak, AT, and Ozpulse (all P<0.05). After ad-
justing for confounding factors (age, gender, occupation type, smoking), reduced VO:zpeak (per 5 mL/kg/min
decrease; OR=1.86, 95% CI: 1.52-2.28, P<0.001) and AT (per 5 mL/kg/min decrease; OR=1.63, 95% CI:
1.31-2.02, P<0.001) were independent CMREF risk factors. Subgroup analysis showed stronger predictive
effect of VOqzpeak in sedentary workers (OR=2.13, 95% CI: 1.68-2.70, P<0.001). The combination of
VOqpeak and AT had the highest predictive efficacy (AUC=0.783, 95% CI: 0.751-0.815), superior to single
indicators (VOzpeak: AUC=0.721; AT: AUC=0.685; both P<0.05). Conclusion CPET-derived VO2peak
and AT are valuable predictors of CMRFs in occupational populations, especially in sedentary workers. The
combined VO:zpeak+AT model serves as a practical tool for CMRF screening and risk stratification in occu-
pational health management.
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1. Introduction high work pressure, and irregular daily routines.
With socioeconomic development and changes in The incidence of cardiometabolic risk factors
work patterns, occupational populations are con- (CMRFs), such as hypertension, hyperglycemia,
sistently facing issues such as prolonged sitting, and dyslipidemia, has been increasing yearly 121,
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CMRFs are core contributors to severe cardiovas-
cular and metabolic diseases, including coronary
heart disease, stroke, and type 2 diabetes.
Cardiopulmonary exercise testing (CPET) is con-
sidered the "gold standard" for assessing inte-
grated cardiopulmonary function Bl. It compre-
hensively reflects the body's aerobic capacity and
functional reserve by dynamically monitoring ox-
ygen metabolism, heart rate, ventilation, and other
indicators during exercise. Peak oxygen con-
sumption (VO:zpeak) and the anaerobic threshold
(AT) are core parameters obtained from CPET,
providing valuable insights into an individual's
fitness and metabolic health.

While the association between cardiorespiratory
fitness and health outcomes is established in gen-
eral populations, prospective studies focusing
specifically on occupational groups, particularly
those stratified by activity intensity, are lacking.
This study adopts a prospective cohort design to
investigate the association between CPET-de-
rived indicators and the risk of developing
CMRFs in an occupational population. We aim to
identify key predictive indicators and combined
models to provide a scientific basis for early
screening and personalized health intervention in
this high-risk group.

2. Materials and Methods

2.1. Study Population

A single-center prospective cohort study was con-
ducted. Occupational individuals who underwent
health assessment at the Health Management
Center of Beijing Zhongguancun Hospital from
January 2022 to June 2025 were selected as the
study population.

Inclusion criteria were: (1) Age 28—60 years; (2)
Engaged in a fixed occupation for >1 year; (3) No
underlying diseases such as severe cardiopulmo-
nary diseases, malignant tumors, or hepatic/renal
failure; (4) Ability to complete a full CPET test;
(5) Voluntary participation with signed informed
consent.

Exclusion criteria were: (1) Presence of three or
more existing CMRFs at baseline; (2) Recent use
of medications that may affect metabolism or car-
diopulmonary function (e.g., corticosteroids,
beta-blockers); (3) Loss to follow-up or with-
drawal from the study; (4) Occurrence of acute
diseases (e.g., acute myocardial infarction, pneu-
monia) or major surgery during follow-up.

A total of 126 subjects were finally included,
comprising 74 males (59.2%) and 52 females
(40.8%), with a mean age of 41.2 £ 8.5 years.
2.2. Baseline Data Collection

General information (age, gender, occupation
type, work years, education level) and lifestyle

data were collected using a structured question-
naire. Smoking history was defined as smoking
>1 cigarette per day for >1 year; alcohol con-
sumption history was defined as drinking >1 time
per week for >1 year; exercise habits were defined
as engaging in regular physical activity >150
minutes per week at moderate-intensity (heart rate
reaching 64-76% of maximum heart rate or 3-6
METs). Height and weight were measured using
standardized methods to calculate Body Mass In-
dex (BMI). Systolic (SBP) and diastolic blood
pressure (DBP) were measured three times con-
secutively, and the average values were recorded.
2.3. Laboratory Indicator Testing

After an overnight fast, 10 mL of venous blood
was collected from the median cubital vein of all
participants. Fasting plasma glucose (FPG), total
cholesterol (TC), low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein choles-
terol (HDL-C), and triglycerides (TG) were meas-
ured using an automated biochemical analyzer.
2.4. Cardiopulmonary Exercise Testing (CPET)
CPET was performed using a cardiopulmonary
function testing system (CPX-600, Hebei Jide
Yuanjian, Baoding, China). Participants were
briefed on the procedure, and exercise contraindi-
cations were excluded. Parameters such as VO.,
carbon dioxide output (VCO2), heart rate (HR),
and minute ventilation (VE) were monitored in
real-time until exercise endpoint. The predicted
maximum heart rate was calculated as 220 — age.
The test was terminated upon any of the following:
Borg fatigue scale score >17, chest pain, dyspnea
(respiratory rate >30 breaths/min), abnormal
blood pressure (SBP >220 mmHg or DBP >110
mmHg), ST-segment depression >0.1 mV, severe
arrhythmia, or other discomfort symptoms.

The following core parameters were recorded:
(1) Peak oxygen uptake (VOzpeak): Maximum
oxygen uptake during exercise (mL/kg/min).

(2) Anaerobic threshold (AT): Determined using
the V-slope method (mL/kg/min).

(3) Peak heart rate (HRpeak): Maximum heart
rate achieved (beats/min).

(4) Oxygen pulse (Ozpulse): Ratio of peak VO: to
HR (mL/beat).

All tests were conducted by technicians who un-
derwent standardized training.

2.5. Definition of Cardiometabolic Risk Factors
(CMRFs) and Grouping

CMRFs were defined as follows [47):

(1) Hypertension: SBP > 140 mmHg and/or DBP
> 90 mmHg, or diagnosed hypertension with on-
going medication.

(2) Hyperglycemia: FPG > 6.1 mmol/L, or diag-
nosed diabetes with ongoing medication.

(3) Dyslipidemia: TG > 1.7 mmol/L, or TC > 5.2
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mmol/L, or LDL-C > 3.4 mmol/L, or HDL-C <
1.0 mmol/L.

(4) Overweight/Obesity: BMI > 24 kg/m?.
Sedentary occupations were defined as involving
>8 hours of sitting per day with physical activity
energy expenditure <3 METs-h/day; light-inten-
sity  physical occupations involved 3-6
METs-h/day; moderate-intensity involved 6-9
METs-h/day [8]. Participants were followed for
two years via telephone interviews, outpatient re-
views, and physical examination reports. They
were divided into a case group (developed >1
CMRF, n=51) and a control group (developed no
CMRFs, n=75).

2.6. Statistical Analysis

Statistical analysis was performed using SPSS
26.0. Normally distributed measurement data
were expressed as mean =+ standard deviation ( x
+s) and compared using t-tests. Non-normally
distributed data were expressed as median (inter-
quartile range) and compared using the Mann—
Whitney U test. Categorical data were expressed
as n (%) and compared using the ¥ test. Multivar-

iate logistic regression analysis was used to exam-
ine associations, calculating odds ratios (OR) and
95% confidence intervals (CI). Receiver operat-
ing characteristic (ROC) curve analysis was used
to evaluate predictive efficacy. Continuous varia-
bles were included using clinically common units
of change (VOzpeak and AT: per 5 mL/kg/min de-
crease; Ozpulse: per 3 mL/beat decrease; HRpeak:
per 10 beats/min increase). The Youden index
maximization method determined optimal cut-off
values. A p-value < 0.05 was considered statisti-
cally significant.

3. Results

3.1. Comparison of Baseline Characteristics

The case group was older, had a higher proportion
of sedentary workers and smokers, and a lower
rate of regular exercise than the control group (all
p <0.05). SBP, DBP, FPG, TC, TG, LDL-C, and
BMI were significantly higher, and HDL-C was
significantly lower in the case group (all p <0.05).
Furthermore, VOzpeak, AT, and O:pulse were
lower, and HRpeak was higher in the case group
(all p < 0.05, Table 1).

Table 1 Comparison of Baseline Characteristics Between the Two Groups

Control Group

Indicator Case Group (n=51) (n=75) t/y¥Z Value P Value
Age (years) 42.3+7.8 37.1£8.0 9.26 <0.001
Male [n (%)] 34 (66.7) 40 (53.3) 2.25 0.134
Occupational Type [n (%)] 12.35 0.002
Sedentary 31 (60.8) 37 (49.3)
Light-Intensity Physical 12 (23.5) 21 (28.00
Moderate-Intensity Physical 8 (15.7) 17 (22.7)

Smoking [n (%)] 9 (17.6) 4 (5.00 15.63 0.037
Alcohol Drinking [n (%)] 9 (17.6) 12 (16.0) 1.98 0.275
Regular Exercise [n (%)] 15 (29.4) 43 (57.3) 10.85 0.036

SBP (mmHg) 132.5+12.8 122.3+£10.5 11.52 <0.001

DBP (mmHg) 85.6+9.2 78.4+8.1 10.38 <0.001

FPG (mmol/L) 5.8+1.2 5.2+0.8 8.96 <0.001

TC (mmol/L) 5.4+1.0 4.9+0.9 7.65 <0.001

TG (mmol/L) 1.9+0.8 1.5£0.6 8.23 <0.001

LDL-C (mmol/L) 3.31£0.7 2.940.6 8.57 <0.001
HDL-C (mmol/L) 1.0£0.2 1.240.3 -11.24 <0.001

BMI (kg/m?) 25.843.1 23.242.8 12.67 <0.001

VO:zpeak (mL/kg/min) 26.3+5.2 32.1+6.4 -5.89 <0.001
AT (mL/kg/min) 18.5+4.1 22.3+4.8 -4.76 <0.001
HRpeak (beats/min) 178.5€15.2 165.3+14.8 5.12 <0.001

Ozpulse(mL/beat) 14.843.2 17.543.6 -4.87 <0.001
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3.2 Multivariate Logistic Regression Analysis
Variance inflation factor (VIF) analysis showed
no severe multicollinearity (all VIF <5). Variables
with P<0.05 in univariate analysis (age, occupa-
tional type, smoking, regular exercise, VOzpeak,
AT, HRpeak, Ozpulse) were included in the mul-
tivariate model.

After adjustment, reduced VO:peak (per 5
mL/kg/min decrease; OR=1.86, 95% CI: 1.52—
2.28, P<0.001) and AT (per 5 mL/kg/min de-
crease; OR=1.63, 95% CI: 1.31-2.02, P<0.001)
were independent CMRF risk factors. HRpeak
and O:pulse showed no significant associations
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(P>0.05; Table 2).

Subgroup analysis (sedentary vs. non-sedentary
workers, with non-sedentary group combining
light/moderate-intensity physical jobs) showed:
In sedentary workers (n=71): Reduced VO2peak
(OR=2.13, 95% CI: 1.68-2.70, P<0.001) and AT
(OR=1.85, 95% CI: 1.42-2.41, P<0.001) had
stronger predictive effects;

In non-sedentary workers (n=55): Only reduced
VOzpeak was associated with CMRF risk
(OR=1.52, 95% CI: 1.10-2.10, P=0.011), while
AT showed no significant association (P=0.098;
Table 3).

Table 2 Multivariate Logistic Regression Analysis of CPET Indicators and the Risk of CMRFs in the Oc-
cupational Population

Regression

. . Standard ~ Wald 2 P OR o
Indicator Coet("fg)c fent Error (SE)  Value Value  Value 93%Cl
Age (per 10-year increase) 0.42 0.11 14.58 <0.001 1.52 1.25~1.85
Occupational Type (Sedentary
vs. Moderate-Intensity Physi- 0.51 0.15 11.56  <0.001 1.67  1.28~2.18
cal)
Occupational Type (Light-In-
tensity Physical vs. Moderate- 0.23 0.14 2.78 0.095 1.26  0.97~1.64
Intensity Physical)
Smoking (Yes vs. No) 0.35 0.13 7.32 0.007 142  1.10~1.83
Regular Exercise (Yes vs. No) -0.41 0.12 11.86 <0.001 0.66  0.53~0.82
VO:peak (per 5 mL/kg/min de- 0.62 0.13 22,65 <0.001 1.86  1.52~2.28
crease)

AT (per 5 mL/kg/min decrease) 0.49 0.14 12.01 <0.001 1.63 1.31~2.02

HRpeak (per 10 beats/min in- 0.15 0.12 156 0212 116 092-146
crease)

Ozpulse (per 3 mL/beat de- 0.21 0.13 267 0102 123 0.97~1.56
crease)

Table 3. Multivariate Logistic Regression Analysis of CPET Indicators and CMRFs Risk in Different Oc-
cupational Subtypes (Adjusted for age, sex, smoking, regular exercise, etc.)

Indicator

Sedentary Occupations (n=71) Non-Sedentary Occupations (n=55)

VOzpeak
(per 5 mL/kg/min decrease)

AT
(per 5 mL/kg/min decrease)

HRpeak
(per 10 beats/min increase)

Ozpulse
(per 3 mL/beat decrease)

OR=2.13 (1.68~2.70)

P<0.001

OR=1.85 (1.42~2.41)

P<0.001

OR=1.21 (0.93~1.58)

P=0.157

OR=1.30 (0.99~1.71)

P=0.058

OR=1.52 (1.10~2.10)

OR=1.32 (0.95~1.84)

OR=1.15 (0.85~1.56)

OR=1.22 (0.91~1.64)

P=0.011

P=0.098

P=0.372

P=0.185
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Abbreviations: CPET, cardiopulmonary exercise
testing; CMRF, cardiometabolic risk factor;
VOzpeak, peak oxygen consumption; AT, anaer-
obic threshold; HRpeak, peak heart rate; Ozpulse,
oxygen pulse; OR, odds ratio; CI, confidence in-
terval.

Abbreviations: CPET, cardiopulmonary exercise
testing; CMRF, cardiometabolic risk factor; VO:
peak, peak oxygen consumption; AT, anaerobic
threshold; HRpeak, peak heart rate; O: pulse, ox-
ygen pulse; OR, odds ratio; CI, confidence inter-
val (omitted in table for brevity).

3.3 Predictive Efficacy of CPET Indicators for
CMRFs

ROC curve analysis showed that VOzpeak, AT,
and their combination had predictive value for
CMRFs (all AUC >0.65, P<0.001). The
VOqpeak+AT combination had the highest AUC
(0.783, 95% CI: 0.751-0.815), significantly
higher than VOzpeak (0.721, 95% CI: 0.687—
0.755) and AT (0.685, 95% CI: 0.650-0.720;
7=3.28 and 4.56, both P<0.001).

In subgroup analysis:

Sedentary workers: VO:peak+AT combination
had AUC=0.812 (95% CI: 0.773-0.851);

ISSN:3068-9376

Non-sedentary workers: AUC=0.735 (95% CI:
0.682—-0.788);

The difference was statistically significant
(Z=2.85 and 3.62, P<0.01).

Optimal cut-off values (Table 4):

Overall population: VO:zpeak=28.5 mL/kg/min
(Youden index=0.408, sensitivity=72.5%, speci-
ficity=68.3%); AT=20.3 mL/kg/min (Youden in-
dex=0.324, sensitivity=67.3%, specific-
ity=65.1%);

Sedentary workers: VO:zpeak=27.8 mL/kg/min
(Youden index=0.483, sensitivity=76.8%, speci-
ficity=71.5%); AT=19.8 mL/kg/min (Youden in-

dex=0.399, sensitivity=71.2%, specific-
ity=68.7%);
Non-sedentary workers: VOzpeak=29.2

mL/kg/min  (Youden index=0.351, sensitiv-
ity=68.9%, specificity=66.2%); AT=20.8
mL/kg/min  (Youden index=0.273, sensitiv-
ity=64.5%, specificity=62.8%).

Abbreviations: CPET, cardiopulmonary exercise
testing; CMRFs, cardiometabolic risk factors;
VOqzpeak, peak oxygen consumption; AT, anaer-
obic threshold; AUC, area under the curve; CI,
confidence interval.

Table 4 Predictive Efficacy of Different CPET Indicators for CMRFs in the Occupational Population

Indicator Overall Population Sedentary Occupations Non-Sedentary Occupa-
(n=126) (n=T71) tions (n=55)
AUC 0.721(0.687~0.755) 0.765(0.724~0.806) 0.698(0.643~0.753)
Sensitivity (%) 72.5 76.8 68.9
Specificity (%) 68.3 71.5 66.2
Og?ﬁ;ﬁ:‘[- 28.5 mL/kg/min 27.8 mL/kg/min 29.2 mL/kg/min
AUC 0.685(0.650~0.720) 0.723(0.679~0.767) 0.652(0.596~0.708)
Sensitivity (%) 67.3 71.2 64.5
Specificity (%) 65.1 68.7 62.8
OIO) ?ﬁ;ﬁ:t— 20.3 mL/kg/min 19.8 mL/kg/min 20.8 mL/kg/min
AUC 0.783(0.751~0.815) 0.812(0.773~0.851) 0.735(0.682~0.788)
Sensitivity (%) 75.6 79.3 71.8
Specificity (%) 72.4 75.6 69.3

4.Discussion

This prospective cohort study demonstrates that
reduced VO:peak and AT, as assessed by CPET,
are independent risk factors for the development
of CMRFs in an occupational population. The
combination of these two parameters provides the
best predictive performance, especially among
sedentary individuals.

Our findings align with existing literature on the
importance of cardiorespiratory fitness [-19,
VOqpeak reflects the integrated capacity of the

cardiopulmonary system and skeletal muscle to
utilize oxygen. A lower VO:peak is associated
with endothelial dysfunction, insulin resistance,
and chronic inflammation ['!l, all pathways con-
tributing to CMRFs. The stronger association ob-
served in sedentary workers (OR=2.13) suggests
that prolonged sitting exacerbates the detrimental
metabolic effects of poor fitness, creating a vi-
cious cycle 2131,

The anaerobic threshold (AT) represents the exer-
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cise intensity at which metabolic acidosis be-
gins!!*. A lower AT indicates reduced efficiency
in oxygen utilization by muscles at submaximal
efforts, often linked to metabolic disorders!'*!.Our
study found AT to be an independent predictor,
though its effect was attenuated in non-sedentary
groups, possibly because higher daily activity lev-
els can compensate for submaximal metabolic in-
efficiency.

The key innovation of our study is demonstrating
the superior predictive value of combining
VO:peak and AT. This multi-parameter approach
aligns with the concept of integrated CPET as-
sessment for risk stratification('®, VOopeak re-
flects maximal system capacity, while AT indi-
cates submaximal metabolic efficiency; together,
they provide a more holistic view of an individu-
al's functional and metabolic health.
5.Limitations

This study has limitations. First, the single-center
design and relatively small sample size may limit
generalizability. Second, potential confounding
factors like diet, stress, and sleep quality were not
fully accounted for. Third, as an observational
study, it can demonstrate association but not cau-
sation. Larger, multi-center studies incorporating
more confounders are needed to validate these
findings.

6. Conclusions

In conclusion, CPET-derived indices, VO:zpeak
and AT, are significant predictors of cardiometa-
bolic risk in an occupational population. Their
combined use offers a powerful tool for early
identification of high-risk individuals, particu-
larly those with sedentary jobs. Incorporating
CPET into routine health assessments for occupa-
tional groups could facilitate targeted interven-
tions and improve cardiovascular health manage-
ment strategies.
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