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Abstract: Cardiovascular Disease (CVD), a term encompassing various disorders affecting the heart and blood vessels, includes coronary
artery disease (CAD). CAD is primarily due to the development of atherosclerotic plaques that disrupt blood flow, oxygenation, and nutrient
delivery to the myocardium. Risk factors contributing to CAD progression include smoking, hypertension, diabetes mellitus (DM),
dyslipidaemia, and obesity. While aerobic exercise (AE) has shown promising results in controlling CVD risk factors, the impact of
resistance training (RT) has not been extensively investigated. This review aims to describe the effects of RT on CVD risk factors based on
studies retrieved from PubMed and Google Scholar databases. Both isometric and isotonic RT have been found to decrease systolic blood
pressure (SBP), diastolic blood pressure, or mean arterial pressure, with SBP showing a more significant reduction. Hypertensive patients
engaging in RT alongside a calorie-restricted diet demonstrated significant improvements in blood pressure. RT is associated with increased
nitric oxide bioavailability, sympathetic modulation, and enhanced endothelial function. In type-2 DM patients, 8—12 weeks of RT led to
improvements in fasting blood glucose levels, insulin secretion, metabolic syndrome risk, and glucose transporter numbers. Combining AE
with RT had a more significant impact in reducing insulin resistance and enhancing blood glucose compared to performing exercises
separately. It also significantly decreased total cholesterol, triglycerides, and low-density lipoprotein levels while increasing high-density
lipoprotein within 12 weeks of application. However, improvements are considered insignificant when lipid levels are already low to normal
at baseline. The administration of RT resulted in weight loss and improved body mass index, with more pronounced effects seen when
combining AE with RT and a calorie-restricted diet. Considering these results, the administration of RT, either alone or in combination with
AE, proves beneficial in rehabilitating CAD patients by improving various risk factors.
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Introduction
Cardiovascular Disease (CVD) is a broad term that encompasses various disorders affecting the heart and blood vessels.
One prominent condition within this category is coronary artery disease (CAD), which plays a significant role in CVD-
related mortality. ' CAD occurs due to disruption of blood supply, oxygenation, and nutrients to the heart muscles,
primarily caused by the accumulation of fatty deposits within the walls of the coronary artery, a condition known as
atherosclerosis. Several key risk factors contribute to the formation of atherosclerosis, including smoking, hypertension,
diabetes mellitus (DM), dyslipidaemia, obesity, physical inactivity, and stress.>”

Previous studies had reported the detrimental impact of a sedentary lifestyle on the prevalence of CAD and the associated
risk factors for CVD.*”® In particular, Type 2 DM and obesity are recognized as significant indicators to initiate exercise-

based cardiac rehabilitation (CR) programs, which serve as strategies to effectively manage CVD risk factors.”'”
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Aerobic exercise (AE) is the primary modality employed in CR, as it induces physiological changes in cardiovascular,
respiratory, and metabolic systems.'"'? A large body of literature has been produced to investigate the role of AE in
effectively managing CVD risk factors, yielding satisfactory outcomes.®'*'® Aerobic exercise has been proven effective
in lowering CVD risk factors by reducing resting blood pressure (BP), increasing insulin sensitivity and glycaemic
control, improving lipid profile, decreasing body weight, and improving body composition.'*'®

Resistance training (RT) is another modality employed in CR, which can be given as a single exercise or in combination with
AE. This combination has been found to produce better results compared to the single application of AE.'" 2! It was
demonstrated in a study by Chen et al to have a positive effect on body mass index (BMI), body fat, triglycerides, low-density
lipoprotein (LDL), and total cholesterol in school-age children who were obese or overweight.?' Schroeder et al found that the
combination of AE-RT decreased diastolic blood pressure (DBP) and increased lean body mass.!” Previous reviews mostly
synthesized data related to the effects of resistance training (RT) on hypertension risk factors.”* *> Another review examined the
impact of RT on blood pressure (BP) and cholesterol.* Only one review assessed the effects of RT on various cardiovascular
disease (CVD) risk factors, including hypertension, diabetes mellitus (DM), and dyslipidaemia.”” Major CVD risk factors often
coexist, and in developing countries like Indonesia, hypertension, DM, hyperlipidaemia, obesity, and smoking are major CVD
risk factors with continuously increasing prevalence.”® *° Therefore, this review aims to describe the effects of RT on CVD risk
factors, focusing on hypertension, DM, dyslipidaemia, and obesity, to enrich previous reviews on this topic.

Methods

Articles published in the last ten years were searched using PubMed and Google Scholar databases. Original articles and
systematic reviews and meta-analyses were included. Keywords used were “cardiovascular diseases”, “coronary artery disease”,
“hypertension”, “diabetes mellitus”, “dyslipidaemia”, “obesity” or “overweight”, “blood pressure”, “blood glucose”, “lipid

LEINT3

profile”, “cholesterol”, “trygliseride”, “low-density lipoprotein” or “LDL”, “high-density lipoprotein” or “HDL”, “weight loss”,

“body mass index”, “cardiac rehabilitation”, “exercise”, “exercise-based cardiac rehabilitation”, “resistance exercise”, “resis-
tance training”, and “weight training”. Articles were excluded if did not publish in English language and not available in full text.

Results and Discussion
The database search retrieved 13 articles consisting of seven original articles and six systematic reviews and meta-
analysis (Figure 1). These articles were extracted and presented in the form of text and table.

RT in CVD
Objective of RT

The overall objectives of RT programs for healthy adults across all age groups include: 1) improving performance in
activities of daily living, such that it can be conducted without causing physiological stress; and 2) managing or
preventing chronic disease and conditions such as type 2 DM, osteoporosis, and obesity.>' In the CR program, the
primary purpose of providing RT, especially strength training, is to optimize muscle mass and strength. This is usually

achieved through high-intensity muscle strength training.*?

Contraindications

RT can be given as a single exercise or in combination with AE. The absolute and relative contraindications of RT in
CVD patients are described in Table 1."*373° Several studies have considered that RT should be avoided in CVD or
CAD patients when conditions such as complex ventricular arrhythmias, myocardial infarction or percutaneous coronary
intervention in the past month, left ventricular ejection fraction <40%, history of ventricular aneurysms or aortic
conditions, and comorbidities such as lung or chronic kidney disease.>*=*® Therefore, the administration of RT in this

group of patients needs further investigation.
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Figure | PRISMA Flow Chart. Schematic representation of the identification process for studies through databases and registers.

Recommendation of RT Prescription

The American College of Sports Medicine (ACSM) provides recommendations for RT prescription. Specific parameters

in patients with heart failure, sternotomy, and peripheral arterial disease are also described (Table 2). *' Previous studies

were given RT in the form of single exercise or in combination with AE for 4-12 weeks (Table 3).

Table | Absolute and Relative Contraindications Aerobic and Resistance Exercises in Cardiovascular Diseases

Absolute Contraindications

Relative Contraindications

Unstable CAD

Uncontrolled arrhythmias
Decompensated heart failure
Severe and symptomatic stenosis

Severe pulmonary hypertension (with mean pulmonary arterial
pressure >55mmHg)

Uncontrolled hypertension with blood pressure >180/110 mmHg
Acute endocarditis, myocarditis, or pericarditis

Syndrome of Marfan

Aortic dissection

Major risk factors for CAD

Uncontrolled hypertension with blood pressure >160/>100 mmHg
Diabetes at all ages

Presence of musculoskeletal limitations

Low functional capacity (<4 METs)

Patients on pacemakers or defibrillators

Abbreviations: CAD, Coronary artery disease, METs: Metabolic equivalents.
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Table 2 Recommendation of Resistance Training Prescription in Cardiovascular Diseases Patients

Components of Exercise
Prescription

Frequency 2-3x/week on non-consecutive days

Intensity 40-60% of 1-RM or RPE |1-13 on the Borg scale 6-20
Sets and Repetitions 1-3 sets of 8-10 repetitions

Type Using safe and comfortable equipment

Special Considerations In heart failure patients, exercise given with:

® Frequency |-2x a week on non-consecutive days

® Intensity 50% for the lower body and 40% of |-RM for the upper body. Load is increased gradually to 70%
from |-RM

® Given |-3 sets of 8-10 repetitions

® Exercise using machines.

In patients with sternotomy, upper body movements should be avoided until 8—12 weeks after surgery.

In patients with Peripheral Arterial Disease, the given intensity is relatively higher 60-80% than 1-RM, and

exercise is focused on large muscle groups with emphasis on lower limb muscles.

Abbreviations: RPE, the rating of perceived exertion; |-RM, one-repetition maximum.

Safety Issues in Providing RT in CVD Patients

Previous studies showed that the administration of RT alone or in combination with AE, even at high intensity did not
cause significant adverse events. The primary concern when providing RT to CVD patients is the potential for excessive
changes in BP, heart rate, and symptoms that could lead to loss of consciousness.>****® Based on several studies, safety
issues or exercise side effects that have been reported in CVD patients include 1) light headedness for a few seconds,
without vertigo or loss of consciousness, muscle fatigue, and shortness of breath that disappears before starting the next
set, 2) musculoskeletal discomforts such as lower back pain, elbow tendonitis, shoulder pain, and hypotension, as well as
3) musculoskeletal complications such as exacerbation of knee arthritis.*> > The risk of cardiac events was not found in
light- or even high-intensity RT.***

To prevent adverse events when prescribing exercise, several measures can be taken, including appropriate exercise
preparation, prevention of the Valsalva maneuver, adequate exercise supervision, and consideration of functional capacity
or muscle strength.®>'>%**474% Preparations before starting RT include: 1) refraining from consuming caffeinated or
alcoholic beverages and other stimulants; 2) abstaining from intense physical activity for 24 hours before the test or
exercise; 3) ensuring adequate sleep the night before exercise, and 4) eating at least 2 hours before exercise.*®

Valsalva maneuver during RT can lead to an elevation in intra-thoracic pressure and subsequently affect BP. A study
found that during knee extension exercise at a 100% intensity of one-repetition maximum (1-RM), BP reached 311/
284 mmHg. However, when it is performed at the same intensity but with slow expiration, the increase in BP was limited
to 198/175 mmHg.** To prevent the occurrence of the Valsalva maneuver, subjects can be instructed to exhale and inhale
during the concentric and eccentric phases, respectively, execute slow movements, and ensure a sufficient warm-up is
performed.>>-¢

Supervision of RT can be conducted by various professionals, including exercise specialists, physical therapists,
cardiac nurses, and rehabilitation staff.*” The primary objective is to determine the right type of exercise, guide patients
during their workouts, enable them to progressively enhance their tolerance levels without compromising safety, and
ensure the achievement of exercise goals.**>* Before starting RT, it is recommended to have a minimum level of
cardiorespiratory fitness of 5 metabolic equivalents (METs) as determined through exercise testing or 4 METs based on a

questionnaire.*’!
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Table 3 Exercise Protocols Used in Previous Studies

No | Study (year)/Study Design Exercise Protocols
Frequency Intensity and Duration Type Progression Program
Duration
| Diaz-Vegas et al (2018)/ A 3 times a week 4 sets of 8 reps CRT: |- Concentric and eccentric squat with a Russian | Not applicable 4 weeks
randomized controlled trial.>” second flexion and 5-second belt assist
extension ERT: 5-second
flexion and |-second
extension
2 Campa et al (2020)/ A The high group: 3 45 minutes, 4 sets of 8—12 7 exercises for lower limb, trunk, thorax, and | Increased intensity by 5% every 2 | 24 weeks including
randomized controlled trial.>® | times a week on reps, a 30-second contraction | shoulder muscles on the isotonic machines weeks 2 weeks of
alternating days at 60-80% of 1-RM followed with 2-min rest between exercises familiarization
The low group: by I-minute rest initially
once a week
3 Hussein et al (2015)/ A No data 60% of I-RM, 2 sets of 8-12 Knee extension, knee flexion, and chest press | Intensity was adjusted to a new AE during the first
randomized clinical trial.> reps for each machine with RT machines 1-RM achieved every 2 weeks 18 sessions and
continued with RT
for the next 18
sessions
4 Ghalavand et al (2014)/Quasi- | No data In the first weeks, exercise at | Exercise for deltoid, thorax, trunk, biceps, Increased intensity gradually to 8 weeks
experimental study.* 30-40% of 1-RM, 3 sets of triceps, and lower limb muscles with RT achieve 60-70% of 1-RM in the
15-20 reps. A 40-60-second machines last week. Decreased reps
and 3-5-minute rest between gradually to 8-10 as the intensity
sets increased
5 Schroeder et al (2019)/A 3 times a week Exercise to the point of 12 exercises for upper and lower limb, thorax, | Progressed to 3 sets of 10-14 8 weeks
randomized controlled trial.'” exhaustion in each set, started | and trunk muscles with RT machines maximal reps, |-2 minutes rest
with 2 sets of 18-20 maximal between sets
reps, 1-2 minutes rest
between sets
6 Salehi et al (2017)/ A No data 20-25 minutes, started with Weight lifting for shoulder, elbow, and knee Intensity (3—5%), reps, and sets 16 sessions
randomized clinical trial.*' 10 reps joints were increased alternatingly in
every session to achieve 3 sets
7 Tibana et al (2013)/ pre-post | 3 sessions a week | 3 sets of 8—12 maximum reps, | Exercise with an RT machine for the thorax, Intensity was adjusted to a new 10 weeks including
experimental.? on Monday, I-minute rest between upper-lower limbs, and trunk muscles with 1-RM achieved in every session 2 weeks of
Tuesday, and Friday | exercises and sets different exercise sequences and types for each familiarization
session (Monday, Tuesday, and Friday initially
regiments)

Abbreviations: Reps, repetitions; CRT, concentric resistance training; ERT, eccentric resistance training; |-RM, one-repetition maximum; RT, resistance training.
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Effect of RT on CVD Risk Factors
Effect of RT on BP in Hypertensive Patients

Previous studies that investigated the effect of RT on BP had generally shown a reduction in BP.****>7 This decrease

depends on the type and prescription of exercise. Dynamic RT affects BP acutely, but the chronic influence of its
eccentric counterpart on CVD risk factors has not been studied (Table 4). 37

In a systematic review and meta-analysis conducted by Carlson et al the effect of isometric exercise on systolic BP
(SBP), DBP, and mean arterial pressure (MAP) in subclinical patients was examined. According to the study, isometric
RT resulted in a reduction in BP that was comparable to, or possibly even greater than, reductions observed with other
exercise modalities. This decrease was observed not only in patients with hypertension who are receiving treatment but
also in subjects with normal BP. Furthermore, the reduction in MAP and DBP was greater in the group of patients with
hypertension who were receiving treatment.*”

Inder et al conducted a study to explore the effect of isometric RT on changes in SBP, DBP, and MAP in adult
patients. The results showed that it led to a decrease in SBP, DBP, and MAP, aligning with previous studies. The decrease
in BP was greater in male hypertensive patients aged >45 years old.?*> In a systematic review and meta-analysis
conducted by Smart et al it was suggested that isometric exercise lowered BP, especially SBP, DBP, and MAP.*

The mechanism of BP reduction due to isometric RT remains unclear.>*>"*? One of the mechanisms is a decreased
in arterial stiffness. Primary hypertension is caused by various factors such as arterial stiffness and impaired vasomotor
activity such as the Renin-Angiotensin-Aldosterone System (RAAS) and nitric oxide (NO) secretion.””>*>* Arterial
stiffness refers to the resistance of the arterial walls and is affected by factors such as kidney failure, age, smoking, and
obesity. When the left ventricle contracts, blood is pumped through the aorta, leading to dilation of the aortic wall, which
is a determinant of SBP. As the left ventricle relaxes, blood flows back towards the heart until the aortic valve closes,
marking the end of SBP. The maintenance of SBP requires an adequate degree of aortic stiffness. The degree of arterial
stiffness is determined by the tunica intima and tunica adventitia which are formed from elastin, smooth muscle,
collagen, and mucopolysaccharides. This is attributed to collagen deposits which occur in the connective tissue and
calcification of blood vessel walls due to aging and high intraluminal BP. High BP leads to endothelial dysfunction,
resulting in reduced NO production, thereby causing further arterial wall stiffness.>

The RAAS is a key regulator of arterial BP and plays a crucial role in maintaining fluid and electrolyte balance within
the body. Aldosterone, as one of its components, increases vascular smooth muscle hypertrophy and stimulates the
synthesis of fibronectin and endothelin 1. These processes can lead to elevated arterial stiffness and hypertension.>
Renin, which is produced by kidney cells maintain the electrolyte body balance and BP regulation. The RAAS in the
process of atherosclerosis is determined by the angiotensin II (Ang II) enzyme. In atherosclerosis formation, this enzyme
regulates smooth muscles and endothelial cells and has been shown to induce inflammation and oxidative stress. Its
increase aggravates the process by promoting adhesion molecule expression on endothelium, leading to enhanced
recruitment of macrophages and the formation of plaques.>

Hypertension is known to cause endothelial dysfunction, leading to subsequent oxidative stress. One significant
aspect of this process is the role of NO as a potent antioxidant in regulating peripheral vascular resistance. This was
achieved by promoting relaxation and vasodilation of vascular smooth muscle. However, due to oxidative stress, NO
deficit in blood vessels emerges as a primary contributor to hypertension.>

Previous studies support the role of isometric RT in enhancing vascular vasodilation through increased NO bioavail-
ability. This leads to peripheral vasodilation and decreases systemic peripheral resistance.>**>27-° Specifically, isometric
exercise has been reported to augment vascular NO-mediated vasodilation in response to reactive hyperemia in patients
receiving antihypertensive medication. This effect was observed solely in the trained lower limb and not in patients with
normal BP.*> A systematic review by Ashton et al found that improvements in endothelial function were obtained after
RT for 7-23 weeks through adaptation of NO metabolism produced by shear stress resulting from muscle contraction
during exercise and changes in BP and resting heart rate.?’
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Table 4 Studies Related to the Effect of Resistance Training on Cardiovascular Risk Factors

(2018)/ A
randomized

controlled trial.3”

BMI, central obesity, peak VO2, and the

prevalence of R and NR in exercise

(n: s22)

® RPP which is a product of
HR x SBP divided by one
hundred

BMI

wcC

Peak VO2

Prevalence of R and NR to

exercise

No | Study (Year)/ Objectives Participants Outcome Measures Result
Study Design
| Diaz-Vegas et al To evaluate the effect of CRT and ERT on BP, Male with overweight or obesity (® MBP, SBP, and DBP ® CRT

o WC significantly decreased by —5.5% (from
I11.1 £4.30 to 109.4 = 4.69 cm)

o No significant effect of CRT on BMI

o SBP significantly decrease by 2.1% (from 119.7 +
641 to 117 + 5.32 mm Hg)

o DBP or MBP were not change

o RPP diminished from 95.9 + 12.76 to 91.6 *
10.03

o Peak VO2 increased by 3.5% (from 29.5 + 2.01
to 30.5 + 1.43 mL/kg/min)

o NR prevalence was 20%

® ERT

o WC decreased significantly from 110.5 + 4.69 to
104.4 + 4.05 cm which corresponds to —2.5%
(greater than CRT)

o SBP decreased significantly by 3.5% (from 121.2
+ 474t 1169 = 5.18 mm Hg)

o DBP decreased but was not statistically
significant

o MBP decreased by —3.7% (from 97.1 £ 5.35 to
93.4 £ 425 mm Hg)

o RPP diminished (from 100.1 + 11.82 to 90.6 *
10.41)

o Peak VO2 increased by 11.7% (from 28.6 + 2.34
to 31.92 + 2.31 ml/kg/min). Increased in peak
VO2 was greater than CRT

o NR prevalence was 16.6% (lower than CRT)

(Continued)
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Table 4 (Continued).

No | Study (Year)/ Objectives Participants Outcome Measures Result
Study Design
2 Campa et al To evaluate the effect of RE three times (high Obese and overweight women |® BC: weight, BMI, WC, FM |® Low frequency
(2020)/ A frequency) and once a week (low frequency) on | (n: 45) ® HS: DHS, AHS, RHS o TG, HDL, and HbAlc were similarly changed
randomized BC, HS, and cardiometabolic RF ® BP: SBP, DBP (p<0.05)
controlled trial.*® ® Lipid profile: TC, LDL, o FBS reduced significantly by 2.6%
HDL, and TG o Insulin was reduced significantly by 6.5%

® |nsulin resistance: HbAlc,
FBS, insulin, HOMAR

o HOMAg reduced significantly by 8.9%

o Weight, BMI, WC, and FM decreased by 4.9%,
4.9%, 4.7% and 5.3%, respectively (all values
decreased significantly)

o Increased in strength values by 4.6%, 4.7%, and
10.2% for DHS, AHS, and RHS, respectively
(only RHS changed significantly)

® High frequency

o TC, TG, LDL, and HbAlc were significantly
decreased

o HDL was increased significantly

o FBS reduced significantly by 8.7%

o Insulin was reduced significantly by 16%

o HOMAg reduced significantly by 23%

o Weight, BMI, WC, and FM decreased by 8.7%,
8.7%, 9.0% and 9.8%, respectively (all values
decreased significantly)

o Strength values increased by 18.7%, 30.1%, and
19.8% for AHS, RHS, and DHS, respectively (all
strength values changed significantly)

o SBP and DBP were not significantly changed in
low-frequency and high frequency

|e 39 JizeN
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Hussein et al
(2015)/ A
randomized

clinical trial.¥

To compare the coronary risk factors, body
composition, MET, and muscle strength between
CE group and AE in obese CAD patients

CAD patients (n: 50)

Lipid profiles include TC,
TG, HDL, and LDL

BP (SBP, DBP), HR, and
RPP

Body composition (body
density, BMI, LBM, per-
cent body fat

® MET

I-RM

Lipid profile

® TC, TG, and LDL decreased in the CE group only

® HDL significantly increased in both groups

® Greater reduction in TC in the CE group com-
pared to the AE group

Blood pressure

® Resting SBP, DBP, and RPP significantly decreased in
both CE and AE groups

Body composition

® Percent body fat reduced significantly by —18.8% in
the CE group

® The lean mass increase by 5.7 kg in the CE group

® The decrease in percent of body fat and the
increase in lean mass were greater in the CE
group compared to the AE group

MET increased significantly and was similar in both

groups.

Muscle strength

® Muscle strength increased in both CE and AE
groups, but was not significant in the AE group

® Greater improvement in muscle strength in the CE
group compared to the AE group (42-54% com-
pared to 9-12%)

(Continued)
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Table 4 (Continued).

No | Study (Year)/ Objectives Participants Outcome Measures Result
Study Design
4 Ghalavand et al To explore the effect of RE on glycaemic control, | Type 2 diabetes adult male (n: ® FBS After 8 weeks of RE:
(2014)/Quasi- BP, and RHR compared to a non-exercising CG | 20) ® HbAlc ® FBS decrease significantly (from 146.3 + 353 to
experimental ® BP (SBP, DBP) 124.2 + 28.2; p=0.002)
study.* ® RHR ® HbAlc decrease significantly (from 6.4 + 0.7 to 5.8
+ 1.0; p=0.025)
® SBP decrease significantly (from 133.5 + 8.8 to
126.9 + 4.5; p=0.022)
® DBP and RHR not significantly decrease (from 86.5
+ 7.6 to 84.7 £ 4.5; p=0.239 and from 88.5 + 4.2 to
86.2 + 2.6; p=0.055, respectively)
RE vs CG:
® FBS significantly different (from —22.1 + 16.7 to
+1.3 £ 13.1; p=0.003)
® HbAlc significantly different (from —0.6 + 0.7 to
—0.2 £ 0.2; p=0.031)
® SBP, DBP, and RHR are not significantly different
5 Schroeder et al To compare the effect of AE, RE, and CE on Adults with elevated BP or ® BP: peripheral blood pres- |® AE only reduced body weight by —| kg and FM by

(2019)/A
randomized
controlled trial.'”

CVD RF including BP, BC, CRF, MS, FBS, and lipid
profile

hypertension without anti-
hypertensive medications,
overweight/obesity, and
sedentary lifestyle (n: 69)

sure (SBP and DBP), cen-
tral blood pressure (SBP
and DBP), and RHR

® BC: weight, BMI, WC, FM,
and LBM

® CRF: VO2max

® MS: lower body MS and
upper body MS

® FBS
® Lipid profilee TC, TG,
LDL, and HDL

—0.9 kg and increased CRF by 7.7 mL/kg/min

® RE only reduced WC by —1.7 cm and increased
lower body MS by 13 kg

® CE significantly reduced peripheral DBP by
—4 mmHg and central DBP by —4 mmHg, LBM
increased by 0.8 kg, CRF increased by 4.9 mL/kg/
min, lower body MS and upper body MS increased
by Il kg and 4 kg respectively

® Neither AE nor RE alone showed significant reduc-
tions in BP

® The composite score of CVD RF shows a greater
reduction with CE compared to CG

|e 39 JizeN
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6 | Salehi et al (2017)/

A randomized

clinical trial.*!

To investigate the effect of RE on lipid profile in
patients with CAD compared to a non-

exercising CG

CAD patients (n: 40)

TC, LDL, HDL, and TG

RE for 8 weeks decreased TC by —6,26+23,86, TG
by —7,55+50,80, and LDL by —3,35+33,78

No significant differences in TC, LDL, HDL, and
TG values after the intervention

RE vs CG: No significant differences in TC, LDL,
HDL, and TG values

7 Tibana et al
(2013)/ pre-post
experimental.42

To investigate the effects of 8 weeks of RT on
biochemical and cardiovascular risk factors of
metabolic syndrome, neuromuscular variables,
and anthropometric in obese/overweight

women.

Middle-aged obese/overweight

women (n:14)

® Muscle strength: frontal
lat pull-down, chest press

® |sometric hand-grip
strength

® Muscle thickness: biceps
brachii and rectus femoris

® Anthropometric indexes:

body adiposity index,

BMI, visceral fat volume,

and neck, waist, and hip

circumferences

Insulin

HbAlc

Blood glucose

TG

HDL-C

® After 8 weeks RT:

No significant differences in anthropometric
indexes, insulin, HbA ¢, blood glucose, TG, HDL-
C, and biceps brachii muscle thickness

Significant increase in muscle strength (chest press
by 6.8 kg and front lateral pull-down by 6.1 kg),
isometric left and right hand grip by 2.2 kg and 1.7
kg respectively, and rectus femoris muscle thick-
ness by 2.8 mm. No significant differences in biceps
brachii muscle thickness and total muscle mass

Abbreviations: |-RM, one-repetition maximum; AE, aerobic exercise; AHS, absolute hand grip strength; BC, body composition; BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; CE, combined resistance and
aerobic exercise; CG, control group; CRF, cardiorespiratory fitness; CRT, concentric resistance training; CVD, cardiovascular disease; DBP, diastolic blood pressure; DHS, dominant hand grip strength; ERT, eccentric resistance training;
FBS, fasting blood glucose; FM, fat mass; HbAIC, glycated haemoglobin; HDL, high-density lipoprotein; HOMA g, homeostasis model assessment for insulin resistance; HR, heart rate; HS, hand grip strength; LBM, lean body mass; LDL,
low-density lipoprotein; MBP, mean blood pressure; MET, metabolic equivalent; MS, muscular strength; NR, non-responding; peak VO2, peak oxygen consumption; R, responding; RE, resistance exercise; RF, risk factor; RHR, resting heart

rate; RHS, relative hand grip strength; RPP, rate-pressure product; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; WC, waist circumference.
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Following the administration of isometric exercise, SBP decreased by about 7 mmHg.>> Isometric RT can lower BP
by reducing total peripheral resistance similar to AE. Anti-hypertensive effect of RT becomes evident after 12 weeks of
intervention. However, there is a scarcity of studies examining the impact of RT for 12 weeks.”?

Sympathetic modulation and increased endothelial function are thought to be associated with BP reduction. However,
there is limited evidence to support the notion that isometric RT is linked to decreased vascular sympathetic modulation.
Isometric exercise improves endothelial function, leading to an increase in the diameter of lower limb arteries, enhanced
blood flow, and reduced vascular resistance. Additionally, it has also been reported to increase the concentration of
antioxidants.*®

Certain isometric RT regimens, such as unilateral arm for more than 8 weeks, led to a greater reduction in BP. In line
with this, Inder et al found that SBP decreased by almost 6 mmHg, following isometric exercise. However, it is worth
noting that the decrease in DBP and MAP was smaller compared to that of SBP.?

A greater reduction in BP was observed in patients at greater risk of hypertension. Hypertensive patients who are men
aged 45 years old or older showed a greater reduction in BP. This may be attributed to the deconditioning tendency
observed, which provides a greater opportunity for improvement. The decrease in BP was not dependent on weight loss.
To optimize the antihypertensive benefits, it is recommended to administer isometric RT for 8 weeks or more. Longer
training periods are needed to initiate regional changes in ventricular function.?

Dynamic, isotonic RT is another type of exercise that has been employed to impact BP (Table 4). **4° Ghalavand et al
conducted a study and observe a decrease in SBP in the intervention group following 8 weeks of exercise. It was
suggested that isotonic RT can improve ventricular contractility, stroke volume, left ventricular diastolic function, and
endothelial function, ultimately contributing to a reduction in BP.*°

Another study was found that concentric RT led to a decrease in BP of 2.1%, while its eccentric counterpart resulted
in a 3.5% reduction. However, changes in DBP could not be obtained due to the small number of subjects. Another study
reported that 12 weeks of concentric RT led to a reduction of 3.1% in SBP.*’

A combination of AE and RT significantly causes changes in BP with a better reduction in SBP than when they are
administered separately. The intervention provided was effective in triggering adaptation. AE contributes to improved
cardiorespiratory endurance, while RT enhances muscle strength. Their combination, increased cardiorespiratory fitness,
despite not being statistically significant.'” The decrease in BP that occurred in administering RT is the same as AE and
adheres to the principle of a dose-response relationship, with variable duration of intervention (Table 4). *°

An eight-week program was considered insufficient to detect the expected BP response to exercise. Previous studies
have shown that a minimum duration of 12 weeks is required to achieve a significant reduction in BP, either through AE,
RT, or a combination of both. It is worth noting that baseline BP can influence this decrease. For example, in one study,
15 of the 69 participants had a baseline BP of <120/80 mmHg, making it challenging to detect exercise-induced
reduction. Despite SBP not change, there was a decrease in DBP in this study. Additionally, exercise coupled with
changes in body composition, showed a reduction in BP and a better decrease in CVD risk. Changes in body composition
were more significant after giving AE compared to RT. The combination of these two therapies causes a slight change
with an increase in lean body mass (Table 4). '’

According to a literature review and meta-analysis conducted by Jewiss et al no difference in SBP between the group
given a combination of AE-RT and the control group. Despite the decrease in SBP in the intervention group, the
reduction may not be clinically significant, averaging around 2 mmHg. The decrease in SBP resulted from an increase in
cardiac output due to an increase in peak heart rate.**

Compared to a decrease in SBP and DBP, a reduction in MAP was less statistically significant. A study found that the
effect of RT on resting heart rate and MAP was not statistically significant. The lack of data regarding its impact on MAP
could be due to studies assessing BP as being less frequent than SBP and DBP.*° Since MAP is affected more by DBP
rather than SBP, a lesser effect of RT on DBP caused a lesser effect on MAP.?’ In a study by Campa et al no changes in
BP were observed after the intervention in the group given RT. The absence of a decrease in BP was presumed because
there was no implementation of a calorie restriction program.*® One study explored the impact of calorie restriction on
effect of RT in hypertensive patients. It was found that this therapy without calorie restriction was associated with lower
BP reductions.*?
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Effect of RT on Type 2 DM

RT has been associated with various beneficial effects on individuals with type 2 DM. These include a decrease in fasting
blood glucose levels, insulin secretion, and protein glycation are haemoglobin Alc (HbAlc), as well as an increase in the
number of glucose transporter (GLUT)-4, and improved glucose transport into cells.*®*%->

Insulin resistance occurs when peripheral tissues fail to respond adequately to insulin, leading to hyperglycaemia and
dysfunction of pancreatic beta-cell.”’>® In the context of type 2 DM, insulin resistance primarily contributed to the
development and progression of the condition, particularly in the liver and muscle. Furthermore, it is risk factors that
promote the emergence of dyslipidaemia and hypertension.’

Glucose is a hydrophilic monosaccharide that circulates widely in the bloodstream. It enters the cell through an active
co-transporter sodium-dependent mechanism or by carrier-mediated transport. The carriers on the cell surface are known
as GLUT, and they consist of 14 types, ranging from GLUT-1 to GLUT-14. Those that play an important role in
maintaining blood glucose balance are GLUT-1 to GLUT-4. Among these, GLUT-1 to GLUT-3 located in hepatocytes,
pancreatic beta cells, and basolateral membranes of renal tubular and intestinal cells. Meanwhile, GLUT-4 is situated in
adipose tissue and cardiac or skeletal muscle cells. Insulin hormone secretion enhances the function of GLUT, facilitating
the movement of extracellular glucose into the cells.”’

Several factors that contribute to the development of DM include 1) abnormal secretion of the inflammatory mediator,
2) dysregulated secretion of adipokines, cytokines produced by adipocytes, 3) interference with insulin regulation and
GLUT receptors by free radicals in the blood, 4) rapid insulin degradation due to autoimmune reactions or abnormal
insulin structure, 5) dysfunction of mitochondrial, 6) decreased capacity of cell receptors to bind insulin, and 7) mutation
of GLUT-4, leading to impaired glucose transport into cells.””® Diabetic macroangiopathy can give rise to athero-
sclerotic diseases, namely cerebrovascular disorders, peripheral artery disease, and other vascular diseases. Two primary
factors that worsen vascular disease in DM are insulin resistance and hyperglycaemia.’->®

Glucose can non-enzymatically bind to proteins within the body, resulting in the formation of glycated proteins. This
process is expedited under conditions of oxidative stress, hyperglycaemia, and inflammatory reactions. The initial products of
HbAlc and glyco-albumin, which subsequently give rise to advanced glycation end product (AGE). In the atherosclerosis
process, AGE contributes by accelerating the migration of monocyte to the sub-endothelial space and promoting the
transformation of macrophage. This is achieved through the increase of adhesion molecules on endothelial cells.”

Endothelial cells play a crucial role in maintaining the function and structure of blood vessels by producing a range of
bioactive substances. These substances help to maintain a balance between oxidation and anti-oxidation, inflammation
and anti-inflammation within the vascular wall, proliferation and anti-proliferation of smooth muscle, dilation and
contraction of blood vessels, as well as blood coagulation and fibrinolysis.” However, various factors such as oxidative
stress, dyslipidaemia, hyperglycaemia, and smoking can lead to endothelial dysfunction, ultimately contributing to the
development of atherosclerosis.”>

Shiroma et al assessed the longitudinal effect of strength training on the incidence of type 2 DM or CVD. The results
showed a reduction in the incidence of these diseases.’® Ghalavand et al conducted a study to examine the impact of
regular RT on resting heart rate, glucose control, and BP in men with type 2 DM. The results showed that 8 weeks of the
therapy led to a significant reduction in fasting blood glucose levels and HbA1C.*°

Twenty-four weeks of RT was proven to be beneficial in controlling risk factors associated with metabolic syndrome,
including HbAlc level. RT increased insulin resistance in young obese people, but the improvement was not significant
compared to when it is combined with AE. Additionally, a study found that single contraction RT affects glucose and
insulin levels for 18-24 hours post-exercise.*®

Eccentric RT led to greater metabolic changes compared to its concentric counterpart.’ A review by Schroeder et al
stated that baseline blood glucose levels at the beginning of the program resulted in minor changes in glucose levels after
being given a combination of AE and RT."

Previous studies found an inverse relationship between dose response, duration of RT, and the incidence of type 2 DM
in men, with a variation of 12-34% decrease. Similarly, women that engaged in strengthening exercises experienced a

Integrated Blood Pressure Control 2024:17 https: 33

Dove:


https://www.dovepress.com
https://www.dovepress.com

Nazir et al Dove

decreased risk, with a reduction of 23-35%. Those that received RT had lower CVD risk factors such as body fat, fasting
glucose levels, and total cholesterol.>®

The mechanism of blood sugar level improvement after RT administration is largely due to the accumulation effect
from each training session. Studies showed that muscle contractions enhanced the diffusion of glucose from the blood
into the cells, where it is used for energy production. It also caused an elevation in the permeability of the membrane to
glucose due to an increase in GLUT-4. Through exercise, the amount of GLUT-4 in the muscles increases, leading to
enhanced glucose metabolism and resulting in lower fasting blood glucose and HbA1C.***?

Exercise could also inhibit fatty acid accumulation in muscle cells by increasing their oxidation, thereby reducing impaired
GLUT-4 transport. Improvements in glucose metabolism also occur due to increased insulin action and signalling.
Furthermore, the change in glucose control was caused by exercise which increases the protein content of the insulin receptor.
The protein kinase B, a relay to send insulin signals activity also improved, ultimately leading to lower blood glucose levels.*’

Exercise, either performed alone or in combination with weight reduction programs, indirectly improved the function
of the beta cell. This improvement was achieved through the action of biochemical mediators or peptide hormones that
influence gene expression in pancreatic cells, subsequently leading to a decrease in blood sugar levels. Following
exercise, muscle cells restore glycogen, helping to maintain low blood glucose concentrations for several hours. With
increasing muscle mass, RT raised glucose uptake by muscle cells and facilitates blood sugar control. Since the skeletal
muscle is an important factor in fatty acid, insulin resistance, and basal metabolism, the increase in muscle mass through
strengthening exercise could assist in improving insulin resistance and several other metabolic syndrome assessment
indices.*® Additionally, RT-mediated improvements in fasting blood glucose, insulin levels, and insulin resistance result
from changes in body composition such as decrease fat mass and increased muscle mass that results in improvement in
glucose transport and insulin sensitivity. These have clinical implications for the management of metabolic syndrome,
type 2 DM, and CVD.”’

Effect of RT on Dyslipidaemia

Atherosclerosis is a condition that arises from the metabolism of fat and lipoprotein, consisting of triglycerides,
phospholipids, and cholesterol. This process triggers the activation of macrophage, leading to the formation of foam
cells.” Hyperlipidaemia produces highly reactive oxygen species (ROS) that can damage the endothelium and contribute
to the development of atherosclerosis.>® In the context of dyslipidaemia, high fatty acids along with high triglycerides
and low-density lipoprotein (LDL), render them more susceptible to oxidation. The oxidation process causes oxidative
stress, which in turn plays a role in endothelial and vascular dysfunction leading to inflammation and atherogenesis.>>

Dyslipidaemia control could be attained either through RT or in combination with AE.'72¢3%394142 A study found that a
single application of RT did not affect high density lipoprotein (HDL) triglycerides (TG) significantly.*” However, combina-
tion of RT with AE effectively increased HDL and decreased LDL.”® Hussein et al compared the effect of the combination and
the single application of AE on CVD risk factors including lipids and body composition in CAD patients. The results showed
that AE and RT in combined form resulted in a significant decrease in total cholesterol, triglyceride, and LDL, as well as an
increase in HDL. Another study also identified similar outcomes in patients with heart disease after 12 weeks of intervention.
Total cholesterol and HDL were significantly associated with body fat percentage.*”

The initial lipid profile affects the improvement after the administration of RT, but studies have not found any correlation
between relative muscle strength and a decrease in triglyceride levels.'”*'*** In a study conducted by Schroeder et al it was
concluded that there was no change in lipid profile in both groups given a combination of AE-RT and the control. This was
attributed to the normal range of lipid profile at the beginning of the exercise.'” Salehi et al conducted a study to explore effect
of RT on lipid profiles in CAD patients. The results showed a decrease in triglyceride, cholesterol, and LDL levels, but it was
not significant. Changes in the average lipid profiles observed in the RT group were the same as in the control group who
received regular AE. This could be explained by the initial low level of total cholesterol, triglyceride, and LDL (Table 4). *!

Mann et al found that pre-menopausal women administered 14 weeks of RT experienced a reduction in cholesterol,
LDL levels, and body fat ratio. In untrained men, low-intensity RT yielded better outcomes compared to high-intensity.
The decrease in cholesterol level was attributed to the improvement in the exchange of its esters between tissues and
lipoproteins, particularly with HDL.

34 https: Integrated Blood Pressure Control 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Nazir et al

Several studies explored effect of RT on the improvement of dyslipidaemia.”®?”*® According to the recommendations
of the ACSM, performing whole-body RT 2-3 days per week led to enhancement in lipid profiles, including LDL and
total cholesterol. In a group receiving this exercise 3 times weekly, lipid profiles improved significantly compared to
those exercised once a week. The result of this study showed that exercise with a higher frequency had a more positive
effect on the health of obese and overweight individuals.>® Compared to high-intensity RT (80-90% 1-RM), moderate-
intensity (45-55% 1-RM) resulted in a greater reduction in LDL and total cholesterol. However, in the group given high-
intensity RT, there was a significant increase in HDL.?® The improvement in LDL and TG were most pronouncing with
7-23 weeks of intervention.*’

Effect of RT on Obesity

Obesity occurs when there is a disruption in fat storage, leading to the accumulation of triglycerides and cholesterol in adipose
tissue and atherosclerotic plaques, respectively. This disorder alongside atherosclerosis, is considered a chronic inflammatory
disease.> Their pathogenesis has similarities, as they both involve an inflammatory process triggered by factors such as fat,
oxidized LDL, and free fatty acids. Adipose tissue secretes adipocytokines in the form of tumor necrotizing factor-a,
interleukin 6, leptin, and resistin, which can contribute to endothelial dysfunction, insulin resistance, systemic inflammation,
and hypercoagulability. Systemic inflammation leads to an increased level of C-reactive protein (CRP) and adiposity, further
elevating the risk of peripheral vascular disease, myocardial infarction, and DM.>*%° Previous systematic review found that
RT decreased CRP, LDL, and TG levels through improvement of muscle mass and fat mass.?” An increase of 10 kg of body
weight can raise the risk of CAD, SBP, and BP by up to 12%, 3 mm Hg, and 2.3 mm Hg. Additionally, every increase in BMI
can elevate the risk of haemorrhagic and ischemic stroke by 6 and 4%, respectively.>

Anthropometric changes and cardiometabolic risk factors are important factors for improving the health outcomes of
obese patients.*® In a study by Hussein et al a negative correlation was found between lean mass and total cholesterol
levels, while a positive correlation was observed with LDL levels.*® Campa et al conducted a study comparing effect of
RT given 3 times and once a week on body composition, cardiometabolic risk factors, and hand grip strength in obese
and overweight women. It was found that this exercise decreased body weight, BMI, and fat mass.*®

Diaz-Vegas et al conducted a study to evaluate the effect of concentric or eccentric RT on CVD risk factors including
central obesity and BMI. It was found that they both decreased waist circumference but no impact on BMIL*” Another
study showed that the combination of AE and RT along with a calorie restriction diet improved the anthropometric index
of obese patients. However, this improvement was not observed when RT was administered alone (Table 4).

Conclusion

This review found that administering RT either in the form of a single exercise or in combination with aerobic exercise or
a calorie-restricted diet in an average of 8 to 12 weeks improved BP, DM-related parameters, lipid profile, and body
compositions.

Abbreviations

1-RM, One-repetition maximum; ACSM, American College of Sports Medicine; AE, Aerobic exercise; AGE, Advance
glycation end; Ang II, Angiotensin II; BMI, Body mass index; BP, Blood pressure; CAD, Coronary Artery Disease; CR,
Cardiac rehabilitation; CVD, Cardiovascular Disease; DBP, Diastolic blood pressure; DM, Diabetes Mellitus; GLUT,
Glucose transporter; HbAlc, Hemoglobin Alc; HDL, High-density lipoprotein; LDL, Low-density lipoprotein; MAP,
Mean arterial pressure; METs, Metabolic equivalents; NO, Nitric oxide; RAAS, Renin-angiotensin Aldosterone System;
RT, Resistance training; SBP, Systolic blood pressure.
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