Adaptation of the Hemorheological System in Pre-Diabetic Men and Women
Following Regular Exercise: Effects of Gender and Two 40-Session Intermittent
Exercise Methods

Zohreh Hasan Fakhrabadi't' , Valiollah Dabidi Roshan®*

1. University of Mazandaran, Master's student, Department of Exercise Physiology, Faculty of Sport Sciences, Babolsar , Iran.
E- mail : Fkhrabadi5986@gmail.com
2. University of Mazandaran, Professor, Department of Exercise Physiology, Faculty of Sport Sciences, Babolsar, Iran.

E- mail. Vdabidiroshan@yahoo.com

Article Info ABSTRACT

Avrticle type: Introduction: There is substantial clinical evidence indicating that the
hemorheological properties of blood are significantly impaired in elderly individuals,
particularly those with diabetes. The aim of this study was to investigate the effects
of 40 sessions of high-intensity functional training (HIFT) and intermittent Nordic
walking (INW) on hemorheological, cardiovascular, and physical performance
indices in sedentary pre-diabetic men and women.

Methods: In this study, 60 participants (30 men and 30 women) aged 55 to 75 years
with an HbAlc range of 5.7-6.4% participated. Participants of each gender were

Research

Avrticle history:
Received:

5 May 2025 randomly assigned to three groups: INW, HIFT, and control (n = 10 per group) . The
Received in revised form: 40-session training protocol was conducted based on the principle of progressive

20 May 2025 overload. Hemorheological assessments were performed before and after the
Accepted: interventions.

20 July 2025

Results: Both training methods led to significant reductions in fibrinogen levels (p =
0.002), blood viscosity (p < 0.001), and hematocrit (p = 0.001), as well as
improvements in upper-body strength((p < 0.001), lower-body strength (p < 0.001),
and six-minute walk performance (p < 0.001). Although no significant differences
were found between the two training methods, the effects were more pronounced in
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Extended Abstract

Introduction

Aging is associated with progressive physiological
changes, including alterations in hemorheological
parameters such as increased blood viscosity and
impaired microcirculation, which elevate cardiovascular
risks, especially in prediabetic individuals. Regular
physical exercise is recognized as a non-
pharmacological strategy to improve cardiovascular
health and blood rheology, yet limited research has
explored the gender-specific responses to advanced
exercise modalities in older adults. High-Intensity
Functional Training (HIFT), a time-efficient regimen
combining aerobic and resistance exercises, and Interval
Nordic Walking (INW), a low-cost, full-body activity,
are both promising interventions for promoting
cardiovascular and metabolic health. This study aimed
to compare the effects of 40 sessions of HIFT and INW
on hemorheological indices and physical performance in
prediabetic men and women aged 5675 years, and to
investigate gender-specific responses to these exercise
modalities.

Methods

This semi-experimental study involved 60 sedentary
older adults (30 men, 30 women; HbAlc range to 5.7—
6.4%) from Quchan, Iran, who met strict inclusion
criteria and were randomly allocated by sex into three
groups: HIFT, INW, and control (n=10 each per sex).
Training was conducted over 10 weeks (4-5
sessions/week, total of 40 sessions), following
progressive overload principles.

HIFT Protocol: Participants completed dynamic,
multijoint movements organized into four progressive
training phases with work-to-rest ratios ranging from
2:1 to 3:1, achieving 85-95% HRmax (Borg RPE 7-9).
INW Protocol: Nordic walking sessions progressed
from 2000 to 8800 steps per session over 8 weeks,
performed at 60-75% HRmax, with structured sets and
rests.Blood samples were collected pre- and post-
intervention after a 12-hour fast. Hemorheological
markers (fibrinogen, blood viscosity, hematocrit,
platelets, total protein, alboumin), hematological indices,
and physical performance (upper- and lower-body
strength, six-minute walk test [EBMWT]) were assessed
using validated laboratory and field methods.
Data were analyzed using two-way repeated measures
ANOVA with sex and training group as factors (SPSS
v27, a=0.05).

Results

Both HIFT and INW significantly reduced fibrinogen
(p=0.002), blood viscosity (p<0.001), and hematocrit
(p=0.001), with no significant intergroup differences,

though HIFT produced slightly greater viscosity
reductions, whereas INW improved fibrinogen more.
Platelet counts, total protein, and albumin showed sex-
dependent responses, with men experiencing greater
protein  increases and  albumin  reductions.
Hematological findings revealed significant increases in
white blood cells, hemoglobin, and mean corpuscular
hemoglobin  concentration (MCHC)  (p<0.05),
accompanied by decreased hematocrit levels. These
adaptations likely reflect exercise-induced
erythropoietic stimulation and improved oxygen
transport.

Both interventions markedly enhanced upper- and
lower-body strength and 6MWT distances (p<0.001),
with INW showing superior gains in endurance
(p=0.01). Sex differences were notable, as men
demonstrated greater improvements in physical capacity
and hemorheological adaptations, likely due to higher
baseline muscle mass, hormonal profiles, and
differential responsiveness to high-intensity exercise
stimuli.

Conclusion

Forty sessions of both HIFT and INW effectively
improved blood rheology, hematological health, and
functional fitness in prediabetic older adults, regardless
of sex. However, men exhibited a stronger response to
training in terms of hemorheological indices and
physical performance. These findings underscore the
value of accessible, non-pharmacological interventions
like functional training and Nordic walking to mitigate
cardiovascular risks, enhance blood fluidity, and
improve quality of life in aging populations. Future
studies should integrate nutritional monitoring and
explore long-term adherence to confirm sustainable
benefits of these modalities.
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