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Background and Aim: Aging reduces physical functio reases the risk of chronic diseases, disability, and mortality.
Although chronological age (CA) is widely used as an indi r of aging and mortality, biological age (BA) may provide a

more accurate assessment of healthy lifespan ysiological aging (6-4). Among various approaches for estimating BA,

the Klemera—Doubal Method (KDM) is f&cog d as of the most accurate methods for assessing biological aging and
predicting mortality risk (7,15, 24). Evidenc% that healthy lifestyle behaviors, including balanced nutrition and regular
physical activity, improve metabolic, immunological, and physical function and may consequently reduce BA (10, 8-13).
Therefore, the present study ai stigate the effectiveness of 40 sessions of high-intensity functional training (HIFT)

on the modulation of biologigal agé’in wamen and men and to compare sex-specific responses to this intervention.

Materials and Metho 600 healthy men and women were used to train the KDM model and extract the

coefficients according to.pr: sly reported procedures (11, 15, 16). One hundred healthy individuals with an average age

of 57 years a eight of 80 kg were selected and randomized into control and HIFT groups. Participants were matched
basgd on age mass index (BMI), fasting glucose, HbA1c, weekly physical activity, and grip strength before allocation.
The rot as designed based on previous HIFT recommendations with modifications (17,18). Participants in the

control gr eceived nutritional guidelines, whereas the HIFT group completed a 40-session training program combined
with the same nutritional recommendations. Nutritional recommendations were based on caloric restriction and healthy

dietary guidelines reported in previous studies (11, 15). Cardiometabolic biomarkers were measured using standard
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laboratory methods, and biological age was estimated using KDM before and after the intervention. Data were analyzed

using t-tests and the Pearson correlation coefficient at p<0.05 level.

Findings: Compared with the control group, HIFT significantly reduced biological age in both women and men (p=0.001).
Biological age decreased by 0.60 years in women and 0.71 years in men following HIFT (both p=0.001), whereas only non-

significant reductions were observed in the control group. According to the table 1, compared with the control group, HIFT
resulted in significant reductions in body weight (women: p=0.03; men: p=0.007), waist circumferenc nd men:

p=0.001) and diastolic blood pressure (women: p=0.002; men: p=0.001), and significant increas o) (women:
p=0.03; men: p=0.02) and hemoglobin (women: p=0.001; men: p=0.01) in both sexes. While w exhibited significant
reductions in BMI (p=0.01), insulin (p=0.003), and triglyceride (p=0.001) along with sig reases in high-density

e .001). In addition, men

showed significant reductions in BMI (p=0.008), hematocrit (p=0.05), C-reactive g =0.01), and blood urea nitrogen

(p=0.001), together with a significant increase in forced vital capacity (p=0 arison of intervention-induced
changes showed that women experienced substantial improvements in g abolic markers after 40 sessions of
HIFT. The observed pattern of changes suggests that HIFT may contrib biological age in women through
improvements in BMI, metabolic health, and muscular function. comparison of the percentage changes in
biomarkers between the two groups demonstrated ined with dietary guidance produced widespread

Table 1. Descriptive statistics results of caﬁi e i
control groups, and their comparison in womer&

~ (Mean £ SD) (Mean % SD)

Variables .
Functional Interval P
Control Group .
Training Group value Functional Interval

Training Group

-0.60£0.04 -0.06£0.34 0.009% -0.71%0.66 -0.06+0.34 0.0018
Body weight (kg) —2.3442.70 -2.80£10.10 0.03 -2.4241.90 -2.80£10.10 0.007%

Body mass index (kg/m?) -0.94+3.57 -2.70£3.40 0.015 -0.8120.61 ~2.7043.40 0.008%
—2.3240.44 0.56+1.90 0.001¢ -2.6642.80 0.56+1.90 0.001%

Systolic blood pressure
(mmHg) —-5.24+2.60 -6.30+6.60 0.09 -6.70£3.60 -6.30+6.60 0.83
mmHg

Diastolic blood pressure
-5.64+0.40 0.04+3.97 0.002% -5.47+6.50 0.04+3.97 0.001%
(mmHg)
Fasting glucose (mg/dL) -7.15£12.90 -22.20+42.90 0.71 -19.84+13.65 -22.20+42.90 0.82

Control Group p value
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Insulin (WU/mL) -2.13+0.07 -0.25£0.75

-0.74£3.99 -0.25+0.75

High density lipoprotein

3.96+0.47 0.212+2.60 0.0018 3.08+8.88 0.212+2.60 0.10
cholesterol (mg/dL)
Triglycerides (mg/dL) -29.08+0.60 -53.15+66.30 0.0018 -43.53145.72 -53.15466.30 0.55
Albumin (g/dL) -0.011+0.016 -0.03+0.11 0.53 -0.086+0.16 -0.03+0.11 0.21
Total protein (g/dL) 0.16+0.02 -0.10+0.44 0.03% 0.18+0.40 -0.10+0.44 0.02%
Blood urea nitrogen (mg/dL) -4.03+3.14 -0.14£1.03 0.52 -1.77£1.35 -0.14+1.03 0.001%
Urinary creatinine (mg/dL) 0.033+0.13 -0.006+0.19 0.01% 0.08+0.17 -0.006+0.19 0.07
Hemoglobin (g/dL) -0.40+0.016 -0.09+0.64 0.0015 0.33£0.49 -0.09£0.64 0.01%
I
Hematocrit (%) -0.7240.07 ~0.47+1.54 0.06 -1.3941.70 ‘ -0.47+1.54 0.05¢
C-reactive protein (mg/L) -0.12+0.54 -0.05+1.34 0.24 -1 .0;1 .59 o -0.05+1.34 0.018
Forced vital capacity (mL) 150.16+10.96 -463.16£89.77 0.46 586.60+878.34 -463.16+89.77 0.0018
Dominant handgrip strength
2.64+0.04 -0.16+1.02 0.001% 3.7614.94 -0.16+1.02 0.0018

(kg)

§ indicator of significant difference between control & experi

Conclusion: This study demonstrated that regular HIFT ined with nutritional guidance decreases biological age in both

sexes by improving cardiometabolic, functional, and clinica markers. The findings indicate that biological age can be

reduced in men and women following a struct cise and nutrition program. These results support the importance of

integrating regular physical activity with thye@dietary habits to promote healthy aging. These findings are consistent with

previous evidence indicating that exercise a eadlthy lifestyle interventions improve cardiometabolic health and biological

aging markers. Overall, the obse duction in BA appears to be mediated through improvements in body composition,
metabolic health, inflammatory re§piratory function, and muscular performance. Future studies should investigate the
effects of other lifestyle fact S antioxidant supplementation, smoking, and alcohol consumption, on KDM-derived
biological age and artifi intelligénce—based aging models.

Keywords: High unctional training, Caloric restriction, Biological age, Aging, Quality of life
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Abstract

Background and Aim: Aging is associated with an of cardiometabolic diseases.Biological age is considered
a useful indicator for evaluating healthy aging and ma ing quality of life.The present study aimed to investigate the
effectiveness of 40 sessions of high-intensity functiona

to tt’nte tion.Materials and Methods:Data from 600 healthy men and
women were used to train the model the Klemera-Doubal (KDM) coefficients.100 healthy individuals with an
average weight and age of 5 rs a g were divided into two HIFT and control groups.40-session HIFT protocol was

performed in accordaggce over prrinciple.CardiometaboIic indices were measured by standard laboratory

ining (HIFT) on the modulation of biological age in women and

men, and to compare sex-specific respon

methods, and biological age KDM hod before and after a 40-session intervention.t-tests and Pearson correlation

coefficient (a‘t p<0.05 le re Lﬂd to analyze the data.Results:Compared with the control group HIFT resulted in
significar“redu i i ight (women p = 0.03; men p = 0.007) waist circumference (women and men p = 0.001) and
diastolic btéod

0.02)

p = 0.002; men p = 0.001) significant increases in total protein (women p = 0.03; men p =

index ( , insulin (p = 0.003) and triglycerides (p = 0.001) along with significant increases in high-density lipoprotein
ch% =0.001), urinary creatinine (p = 0.01), and dominant handgrip strength (p = 0.001). Men also showed significant
reductions in body mass index (p = 0.008), hematocrit (p = 0.05) C-reactive protein (p = 0.01) blood urea nitrogen (p = 0.001),

* Corresponding author: Professor Valiollah Dabidi Roshan. Professor of Exercise Physiology, Faculty of Sport Sciences, University of
Mazandaran, Babolsar, Iran. Email: v.dabidi@umz.ac.ir or vdabidiroshan.umz@gmail.com  Phone: +989113151509; ORCID ID 0000-0002-
2202-7349
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together with a significant increase in forced vital capacity (p = 0.001). Compared to the control group, the HIFT intervention

had a significant effect on reducing biological age (p=0.001) in women and men. Biological age in men and women in the
HIFT group showed a significant decrease of 0.71 and 0.60 years, respectively (p=0.001). In the control group, a non-
significant decrease of 0.06 (p=0.30) and 0.04 (p=0.07) years.Conclusion:HIFT with nutritional guidance improves biological
age in both sexes by improving cardiometabolic biomarkers.The findings of this study highlight the importance of paying

attention to regular physical activity in managing the aging process.

Keywords: High-intensity functional training, Caloric restriction, Biological age, Aging, Quality of life
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