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Abstract: Background and Purpose: Resistance Training (RT) is known as weight or strength training. In 

response to this kind of training, both skeletal and cardiac muscles adapt. The purpose of the present study was 

to determine of effect of Short-term Resistance Training on Left Ventricular Structure of Nonathletic Healthy 

Male Students by Echocardiography. 

Methods and Materials: this quasi-experimental study involved thirty volunteer participants with an age range 
of 19to 25 years Mean ±SD:21.8±1.62.They were randomly divided into two groups of 15 (resistance training 

and control).Training program was performed 3 times a week for 12 weeks followed by 10 station with 50/. To 

80/. With one repletion maximum (1RM).M and B-mode echocardiograph variable were measured at rest. The 

data were analyzed using dependant t-test and independent t–test. 

Result: Training caused a significant increase in the mean absolute and relative values of left ventricular mass 

(LVM), left ventricular end –diastolic dimensions (LVEDd), end-diastolic inter ventricular septum thickness 

(EDIVT)(P=0.000),and left ventricular posterior wall thickness end-diastolic (LVPWd)in the training group (p= 

0.044 , p=0.00) 

Absolute and relative values of left ventricular end –systolic dimension (LVESd) decreased significantly after 

training (P=0.001, P=0.018).Between groups comparison of absolute and relative values of LVM, EDIVT and 

LVPWd in the training group showed a significant increases as compared with the control group 
(P=0.000):also there was a significant increase in the absolute value of LVEDd (P=0.002). 

Conclusion: Modification of resistance training can induce changes in the left ventricular structure of non-

athletes. 
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I. Introduction         
Resistance training (RT) is known as weight or strength training, in response to which both skeletal and 

cardiac muscles adapt (1). Strength training increases the production of end-systolic proteins and muscular 

hypertrophy- especially in fast twitch strings- that may be along with a decrease in volume density of 

mitochondories (2-4). Also, strength training increases muscular strength (5,6) and non-fat mass and decreases 
fat percents of the body (5,7,8). This form of training is accompanied with an intense and severe increase of 

systolic or after load blood pressure (9) that may be a powerful stimulator for increasing the thickness and the 

mass of the left ventricle (10). The increase of the thickness of the septum due to the overload of the pressure 

produced in resistance training is mainly due to the increase of the cross section of muscular cells (11). When 

strength training is done, the pressure inside the chest also increases (12). Due to the phenomenon Valsalva 

maneuver, the drop of the vein blood recession increases significantly and as a result, the heart pulse and the 

average artery blood pressure increase (13). In those athletes participating in intense isometric, strength or static 

training (anaerobic, strength and power training), concentric hypertrophy of the left ventricle is created (14). 

This hypertrophy is identified by an increase in the thickness of heart septum and creates no changes in the 

diameter of the hole of the left ventricle in diastole (1).  

From the past to the present various methods are used in heart studies that the most important of them 
include radiography, electrocardiography, echocardiography and magnetic resonance imaging. The best method 

is noninvasive evaluation of echocardiography that provides many information about structural and performance 

adaptation in the heart of healthy people (15, 16).  

In past studies, the effects of resistance training on the heart of healthy people are examined (1, 18-30). 

In some of the studies, it is stated that resistance trainings increase interventricular septum thickness, left 

ventricular posterior wall and Left Ventricular Mass Index (LVEDd) (17, 18, 20, 21, 31-33). However, some 

studies have also shown that long- and short-term resistance trainings can't have an effect on cardiac indexes 
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including LVEDd, interventricular septum thickness, left ventricular posterior wall thickness, LVM, systolic 

performance and fractional shortening (24, 26, 28).  

Although the effect of resistance training on skeletal muscles is known (26), the effect of these 
trainings on cardiovascular adaptations is inconsistent (28, 35, 36). However, several studies have examined the 

effects of short-term resistance training on the structure of the left ventricle (14, 17, 19, 26-28, 30). But no study 

is done about the effect of short-term resistance training on the structure of the left ventricle of Iranian non-

athletic males. Therefore other researches are necessary to examine the independent effects of these types of 

trainings on the structural properties of the left ventricle of these people.  

The purpose of the present research is to determine the effect of short-term resistance training on the 

structure of the left ventricle of nonathletic healthy male students using echocardiography. In the present study, 

the researcher tried to make the nature of training program similar to the strength-endurance training through 

changing the program of weight training and modifying in resting intervals (reducing rests between training 

stations) and increasing the number of training stations, and to examine the effect of such a program on the 

structural changes of the left ventricle of nonathletic healthy students.  
 

II.        Methods and materials 
The present study is a semi-empirical one with a pre-test or post-test design. Its statistical society is all 

of the male students of the faculty of accounting, Islamic Azad University, Central Tehran branch, between 18 

to 25 years old that had adopted the course physical education 2. The volume of the sample was 30 non-athletic 

healthy students with the average age 21.80   1.62 years old, the length 175.63 3.73 cm and the weight 

70.78 3.72 kg, that participated voluntarily in the research. The criteria of choosing the participants were 

having a general health and a perfect cardiovascular health (with the confirmation of the physician), no drug 

abuse, no sport supplementary, not smoking and not doing regular professional exercises and having the age 

range 18 to 25 years old (the questionnaire of medical and sport information). Then, among the volunteer 

participants, those not being healthy were omitted from the research and the remaining was randomly grouped 

into two resistances and control groups each containing 15 people. Before conducting the study, since the 

subjects had no experience of working with weights and to prevent from damages during trainings with devices, 

they were taught about the details of the training program, the correct way of trainings and performing the tests. 

The subjects also filled the satisfaction form of participating in the tests and trainings. 
  

The training program: the training program was performed for 12 weeks, each including 3 sessions, in 10 

stations (foot pressing, chest pressing, scot, forward top shoulder, fore feet, shoveling, back feet, fore arms, 

shins and back arms) in three to five rounds with the intensity 50 to 80% of a maximum repletion. At the 

beginning of the trainings and in the fourth and the eighth weeks of the test, the maximum strength was 

calculated by the following relation (37):  

One maximum repetition= times (kg)/1-(0.02× the number of repetitions)  

For calculating the maximum strength, the subjects chose a weight through the initial evaluation of 

their maximum strength and performed it to the limit of over-weariness. Then, putting the value of the weight 

and the number of repetitions in the related formula, the maximum strength was evaluated. In performing this 

test, the number of repeating weight lifting for any subject in any test must be not more than 8 repetitions and 

less than 3 repetitions. The time of activity in any station was considered 30 seconds, the resting time between 
stations was considered 15 seconds and the resting time between any rounds of training was considered 90 

seconds. The overload principle was designed so that in fourth, eighth and twelfth weeks, load reduction was 

applied. The program of any session of training included 10 minutes warming (public and specialty warming) 

and then performing the station movements and then 10 minutes cooling. All movements of the training were 

performed circularly using halter, weights and body building equipments.  

 

Measuring personal characteristics of the subjects: the age was measured in terms of years through asking 

the subjects. Measuring the height was done in terms of cm (with the accuracy 1 mm) and the weight of the 

body was measured in terms of kg (with the accuracy 0.1 g) using the medical scale SECA (model 220 made by 

Germany) that was equipped with a height meter. Body mass index (BMI) was calculated measuring the weight 

in kg and the length 
2m (38):  

Body surface area (BSA) was calculated using Mostellerfomula (39):  

BSA= (length (cm) × weight (kg)/3600) 
2

1

 
 

Measuring structural variables of the left ventricle: measuring the structural variables of the left 

ventricle was done in the room of echocardiography by a physician with a cardiovascular specialization using 
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the echocardiography device (P8000, General Electric factory, s,p.d. company of the U.S.A.) and a probe 3.5 Hz 

with a one- and two- dimensional method in a standard manner from the view of length section beside sternum 

according to the method of the American Society of echocardiography at rest (40). While the subjects lay at the 
distance of 50 cm from the echocardiograph device, on the left side with the angle 90° to the earth, the left 

ventricular end-diastolic dimensions (LVEDd), the end-diastolic interventricular Septum thickness (EDIVT) and 

the left ventricular posterior wall thickness (LVPWd) at the beginning of QRS complex of the electrocardiogram 

and the left ventricular end-systolic dimensions (LVESd), the end-systolic inter ventricular Septum thickness 

(ESIVT) and the left ventricular posterior wall thickness end-systolic at the beginning of the T wave of the 

electrocardiogram were measured (17). After measuring the dimensions and the thicknesses, LVM was 

calculated using Devereux Formula (41):  

 

LVM=(0.8)[(1.04)(LVEDd+LVPWd+EDIVT)
3

  -LVEDd
3

]+0.6g 
 

Where LVM is left ventricle mass, LVEDd is the left ventricular end-diastolic dimensions, LVPWd is 

the left ventricular posterior wall thickness end-systolic, EDIVT is the end-diastolic inter ventricular Septum 

thickness and g is gram. All measurements were done three times for all subjects and the average was recorded 

three times. Then, the relative values of all structural variables were calculated based on the body surface area to 
compare the subjects more exactly.  

 

Statistical methods: the descriptive statistics was used for calculating the measure of central tendency 

(average) and distribution (standard deviation). For testing the hypotheses of the research, the correlated T-test 

was used for comparing the pre-test and the post-test mean of any group and the independent T-test was used for 

comparing the differences of the means of the test group and the control group in pre- and post-tests. All tests 

were done at the alpha level 5% and using SPSS statistical package, the duplicate 16.   

 

III.        Findings 
The subjects of both groups did not show a significant difference in personal characteristics and the 

absolute and the relative values of the structural features of the left ventricle which shows the homogeneity of 

the subjects (tables 1 and 2). In the post-test compared to the pre-test, LVM (P<0.000), LVEDd (P<0.000), 

EDIVT (P<0.000), ESIVT (P<0.0000), LVPWd (P<0.000) and LVPWs (P<0.044) absolutely and significantly 

increased in the training group after the activity (compared to before the activity), but LVESd had a significant 

decrease (P<0.018). When the structural variables of the left ventricle of the subjects of the training group were 

calculated relatively and based on the body surface area in the post-test compared to the pre-test, LVM 

(P<0.000), LVEDd (P<0.000), LVESd (P<0.001), EDIVT (P<0.000), LVPWd (P<0.000) had significant 

variations (table 3). In the post-test, when the structural variables of the left ventricle of the two groups were 

compared absolutely, LVM (P<0.000), LVEDd (P<0.002), EDIVT (P<0.000) and LVPWd (P<0.000) increased 

significantly in the training group compared to the control group. When we compared relatively the structural 

variables of the left ventricle in the post-test based on the body surface area, only LVM (P<0.000), EDIVT 
(P<0.000) and LVPWd (P<0.000) showed a significant variation (table 4).  

  

Table 1: personal characteristics of the participants of the test and control groups 

Variable/group Circuit training group with weights 

(numbers 15) 

Standard deviation mean  

Control group (numbers 15) 

Standard deviation  mean 

Age (years) 21.60 1.84 22 1.41 

Height (cm) 176.80 3.60 174.46 3.60 

Weight (kg)  71.38 3.85 70.18 3.62 

Body mass index ( )/2 kgm  22.84 0.57 23.04 0.52 

Body surface area ( )2m  1.86 0.07 1.85 0.07 
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Table 2: the comparison between absolute and relative values and structural features of the left ventricle in the 

pre-test of the test group 

Variable/group The comparison of the pre-tests means of 

the groups 

Standard value mean 

T value P value 

Test group Control group 

LVM (gr) 99/09 ±16/72 101/52 ± 19/91 -./362 ./720 

LVM/BSA(gr/
2m ) 

53/44±  9/80 54/63±  9/62 -./335 ./740 

LVEDd(mm)* 46/20 ± 3/36 46/25±  3/32 -./038 ./970 

LVEDd/BSA(mm/
2m )** 24/78 ± 2/20 24/95±  1/66 -./236 ./815 

LVEDs(mm) 28/89 ± 2/93 28/53±  2/69 ./348 ./730 

LVEDs/BSA(mm/
2m ) 15/45 ± 1/67 15/42  ±1/31 ./.61 ./952 

EDIVT(mm) 7/26 ±  ./58 7/16  ±./73 ./441 ./662 

EDIVT/BSA(mm/
2m ) 3/90±  ./33 3/86 ±0/38 ./330 ./744 

ESIVT(mm) 11/58 ± ./89 11/39  ± ./91 ./568 ./874 

ESIVT/BSA(mm/
2m ) 6/21 ±./62 6/15  ±./58 ./282 ./780 

LVPWd(mm) 6/35 ± ./53 6/42 ± ./54 -./372 ./712 

LVPWd/BSA(mm/
2m ) 3/40 ± ./29 3/46 ± ./29 -./613 ./545 

LVPWs(mm) 11/29±  ./73 11/30±  ./70 -./.51 ./960 

LVPWs/BSA(mm/
2m ) 6/.5 ±./53 6/10± ./47 -./255 ./801± 

 

Absolute value, **relative values, left ventricle mass (LVM), gram (gr), left vetriclular end-diastolic 

dimensions (LVEDd), millimeter (mm), Left ventricular end-systolic dimensions (LVESd), end-diastolic 

interventricular Septum thickness (ESIVT), left ventricular posterior wall thickness (LVPWd), left ventricular 

posterior wall thickness end-systolic (L body surface area (BSA), millimeters to square meters (mm/
2m ), mean 

(M), standard deviation (SD). VPWs),  

 

Table 3: the absolute and the relative values of the structural features of the left ventricle in the post-test 

compared to the pre-test 

Variable/ group Test group 

Standard deviation  mean 

P va Control group 

Standard deviation mean 

P 

va 

Pre-test Post-test Pre-test Post-test 

LVM (gr)*** 99/09± 16/7 137  ±16/8 ./..** 101/52  19/91 100/8 15/47 ./69 

LVM/BSA(gr
2m )**** 53/44 ± 9/80 72/20 ±8/7 ./..** 54/63±  9/62 54/56± 7/71 ./63 

LVEDd(mm) 46/20 ±3/36 49/74  2/70 ./..** 46/25 ± 3/32 46/11± 3/15 ./48 

LVEDs/BSA(mm/
2m ) 24/78± 2/20 26/16± 1/8 ./..** 24/95± 1/66 25± 1/70 ./81 

LVEDs(mm) 28/89 ±2/93 28/33± 3/3 ./.1* 28/53± 2/69 28/68 ±2/53 ./38 

LVEDs/BSA(mm/
2m ) 15/45±  1/67 14/90± 1/9 ./.1* 15/42± 1/31 15/55± 1/37 ./34 

EDIVT(mm) 7/26±  ./58 8/48 ±./58 ./..** 7/16± ./73 7/23 ±./69 ./47 

EDIVT/BSA(mm/
2m ) 3/90± ./33 4/45 ./29 ./..** 3/86 ±./38 3/91± ./34 ./34 

ESIVT(mm) 11/58± ./89 11/84± ./85 ./..** 11/39± ./91 11/52 ±11/9 ./37 

ESIVT/BSA(mm/
2m ) 6/21± ./62 6/22 ±./57 ./45 6/15± ./58 6/24± ./56 ./22 

LVPWd(mm) 6/35± ./53 7/37±./63 ./..** 6/42 ± ./54 6/48 ±./51 ./59 

LVPWd/BSA(mm/
2m ) 3/40 ±./29 3/87±./31 ./..** 3/46± ./29 3/51± ./28 ./42 

LVPWs(mm) 11/29±./73 11/48± ./91 /.4** 11/30 ±./70 11/28± /68 ./94 

LVPWs/BSA(mm/
2m ) 6/.5 ±./53 6/.4 ± ./60 ./55 6/10 ± ./47 6/11 ±./47 ./71 

 

Significant compared to the mean before the activity (P<0.05), **significant compared to the mean 

before the activity (P<0.01), ***absolute values, ****relative values.  
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Table 4: the comparison between the absolute and the relative values of the mean difference of the structural 

features of the left ventricle in the post-test 
Variable/group The comparison of the post- test means of 

the groups 

Standard deviation mean 

T value P value  

Test group Control group 

LVM(gr)* 137/43  16/88 100/80 15/47 6/194 ./…** 

LVM/BSA(gr/
2m )** 

72/20 8/74 54/56 7/71 5/860 ./…** 

LVEDd(mm) 49/74 2/70 46/11 3/15 3/366 ./..2** 

LVEDd/BSA(mm/
2m ) 

26/16 1/81 25 1/70 -1/.68 ./295 

LVEDs (mm) 28/33 3/33 28/68 2/53 -/328 ./745 

LVEDs/BSA(mm/
2m ) 

14/90 1/89 15/55 1/37 1/8.4 ./.82 

EDIVT(mm) 8/48 ./58 7/23 ./69 5/328 ./…** 

EDIVT/BSA(mm/
2m ) 

4/45 ./29 3/91 ./34 4/577 ./…** 

ESIVT(mm) 11/84 ./85 11/52 11/96 ./968 ./341 

ESIVT/BSA(mm/
2m ) 

6/22 ./57 6/24 ./56 -./.74 ./942 

LVPWd (mm) 7/37 ./63 6/48 ./51 4/2.4 ./…** 

LVPWd/BSA(mm/
2m ) 

3/87 ./31 3/51 ./28 3/310 ./..3** 

LVPWs(mm) 11/48 ./91  11/28 ./68 ./700 ./490 

LVPWs/BSA(mm/
2m ) 

6/.4  ./60 61/11 ./47 -./392 ./698 

significant at the level (P<0.01), * absolute values, *** relative values  

 

IV. Conclusion 
The purpose of the present study was to determine the effect of short-term resistance training on the 

structure of the left ventricle using echocardiography. The important finding of our research was that the 

absolute values of LVM, LVEDd, EDIVT, ESIVT, LVPWd and LVPWs increased significantly after 1 2 

weeks training compared to before training. LVESd decreased significantly at this period. When the variables 

were calculated relatively based on the body surface area, LVM, LVEDd, EDIVT and LVPWd increased after 

12 weeks training; at this period, LVESd had a relatively significant decrease.  

Maybe the increase in the values of these variables in the post-test of the training group compared to 

the pre-test is due to the special resistance training method that was used in this study, because the special type 

of the resistance training is one of the factors effecting on the cardiac variables (25).  

The increase in the volume of the left ventricle hole shows the volume overload on the heart that is the 
same as what happens in endurance athletes (42). Most researches conducted about short-term resistance 

trainings and the studies done on highly resistantly trained males showed that doing strength trainings have a 

low effect or no effect on the absolute value of the internal dimensions of the left ventricle that are considered as 

an index of the heart hole measure (19, 43). This overload is a function of venous recession, volume of the 

ventricle and the decrease of heart sequence(44).the increase of LVEDd was probably due to the decrease in the 

resting intervals between training stations and the volume of training (the number of training stations) in any 

round of circuit weight trainings, as a result of which the cardiovascular system faced with the volume overload 

pattern in addition to the pressure overload, that probably increased the LVEDd in the present research. In the 

researches conducted by Kanakis and Hickson (1980), Haykowsky et al (2000) and Levinger et al (2005), it was 

found out that LVEDd does not change after resistance trainings that is inconsistent with the present research 

(17, 23, 26, 28). Maybe the cause of inconsistency is the special type of resistance training that was used in the 

present study, because compared to previous studies, in this study, the number of training stations had increased, 
while the resting intervals between training stations had reduced and the nature of training program had become 

somewhat similar to strength-endurance trainings. No previous studies reported an increase in LVEDd after 

short-term resistance trainings.  

Due to cardiac adaptations during long-term exercises, the power of systole increases and the 

ventricular discharge increases, that decreases the end-systolic volume in the ventricles that finally leads to a 

decrease in LVESd (31). Maybe the most important cause of variation in LVESd is the increase in systolic 

power of the heart muscle, so that with its stronger systole, the heart pumps more blood outside of the ventricle 

and the ventricle reduces the remaining volume and it finally leads to a reduction in LVESd. The increase in the 

ventricular septum thickness is considered as an adaptation to the increases of blood pressures during strength 

trainings (43). Probably, circular weight trainings increase the blood pressure to an extent that causes structural 

adaptations in the heart. Also, the training method may be so that it causes this change in left ventricular wall 
thicknesses. Maybe, the sensitivity of these variables to this method of resistance training is high and the 
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probable cause may be this that the left ventricular wall thickness increases absolutely and relatively in the test group in the 
post-test compared to the pre-test. In the studies conducted by Kanakis and Hickson (1980), Fleck and Barauna et al (2007) 
showed that the interventricular Septum thickness and left ventricular posterior wall thickness increase after resistance 
trainings (1, 17, 19), that is consistent with the present study. Maybe the cause of consistency is in the nature of resistance 
trainings, because resistance trainings are the stimulator of increase in ventricular wall thickness. On the other hand, the 
present study was inconsistent with that of Haykowsky et al (1998) and (2000) (23, 26). The cause of this inconsistency is 
probably related to the age of the subjects, the intensity of the training, the resting interval between trainings rounds and the 

volume of training. Martin et al (1974) also found out that cardiac variations with resistance training depend on the number 
of muscles applied in the training and the volume of training (45).  

The left ventricular mass increased absolutely and relatively in the test group in the post-test compared 

to the pre-test. In the comparison between groups in the post-test, this variable increased in the test group 

compared to the control group. The increase in ventricular mass is the result of increase in the ventricular wall 

thickness or is produced by an increase in the dimension of the ventricular hole (42). In another research, it was 
shown that after load increase in resistance athletes increases the thickness and LVM (26) that this increase is 

probably due to the nature of resistance training that increases the after load and this after load is the stimulator 

of the increase in the left ventricular mass and thickness (26). In the researches conducted by Kanakis and 

Hickson (1980), Fleck et al (1988) and Jerry et al (1999), it is shown that LVM increases after resistance 

trainings that was consistent with the present research (13, 17, 19). Maybe the cause of consistency is in the 

nature of resistance trainings, but in the research conducted by Haykowsky et al (2000), it was shown that the 

left ventricular mass decreases after resistance training that is inconsistent with the present research and the 

cause of the inconsistency is in the age of the subjects (26). Fredrick et al (2000) believes that aged subjects 

need a longer time of training pressure for producing structural changes of the left ventricle (46). 

In the post-test, when the structural variables of the left ventricle were compared absolutely in both 

groups, LVM, LVEDd, EDIVT and LVPWd increased significantly in the test group compared to the control 
group. But when these variables were compared relatively based on the body surface area in the groups, LVM, 

EDIVT and LVPWd only showed a significant change. The cause of the effect of circuit weight training on the 

structure of the left ventricle may be probably due to the change of the circuit weight training program and the 

modifications applied on this training program. A correct planning of the weight training program is usually 

mixed with the training of the lower limb and upper limb muscular groups that may not be possible in many 

aerobic activities including walking and biking (47). Evidences show that the effects of resistance trainings 

depend of the intensity, volume and the resting interval between training rounds (48, 49). After  circuit weight 

trainings, the endurance, the strength and the pumping capacity of the heart increase (50, 51). The advantage of 

circuit weight training to the other endurance trainings is that all big muscular groups become active and 

different muscles are used at different times. Probably in these trainings, two heart adaptation mechanisms seen 

in endurance and strength trainings are produced, so that in endurance trainings, structural adaptations are 

produced in the heart due to the increase of the pre-load and in strength trainings, it is produced due to the 
increase of the after load in the heart.  

Generally, according to the results obtained in this research, it seems that circuit weight short-term 

training can cause structural variations in the left ventricle of the non-athletes through reducing resting intervals 

between training stations, increasing the number of training stations and using big muscles of the lower and 

upper limbs and these changes are somewhat similar to those produced in combined trainings. But when we 

calculate the data relatively based on the body surface area, these changes are slighter and lower.  
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