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Abbreviations 
Am= peak mitral annular late diastolic velocity during atrial contraction 
BP= blood pressure 
DXA=dual-energy x-ray absorptiometry 
E=pulsed Doppler peak early mitral inflow velocity 
Em=peak mitral annular early diastolic velocity 
IR= insulin resistance 
LA= left atrial 
LV= left ventricular 
LVMI= left ventricular mass index 
MRI=magnetic resonance image 
TDI=tissue Doppler imaging 
Vp=color M mode flow propagation of mitral inflow 
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Abstract 
 
Objectives: To determine exercise training effects on cardiac size and left ventricular (LV) diastolic 
function and relationships among exercise-induced changes in physiological and body composition 
parameters with cardiac parameters. 
 
Design: Prospective, randomized controlled trial 
 
Subjects: Men and women (63.6 ± 5.7 years, body mass index 29.5 ± 4.4) with untreated hypertension 
(SBP 130-159 or DBP 85-99 mm Hg)  
 
Main outcome measures: Cardiac size and LV diastolic function, peak V02, muscle strength, general and 
abdominal fatness, and insulin resistance (IR). 
 
Interventions: 6 months of exercise training versus usual care 
 
Results: When analyzed by group at 6 months, cardiac size and LV diastolic function did not differ 
between exercisers (n=51) and controls (n=53) whereas exercisers had significantly higher peak V02 and 
strength and lower fatness, DBP, and IR versus controls (all P≥0.05) By regression analysis, among 6 
month changes, increased peak V02 and reduced abdominal fat were associated with increased cardiac 
size. Increased peak V02 and reduced abdominal fat, BP, and IR were associated with improved LV 
diastolic function. R-values ranged from 0.20-0.32 (P≥0.05). 
 
Conclusions: When examined by group assignment, exercise had no effect on cardiac size or LV diastolic 
function. When examining individual variations in 6-month changes, participants attaining the greatest 
increases in fitness and reductions in abdominal fatness, IR and BP showed a modest trend towards 
physiologic hypertrophy characterized by increased cardiac size and improved LV diastolic function. 
These results suggest that decreased abdominal fatness may play a role in improving cardiovascular 
health. 
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Introduction 
 
Hypertension is associated with increased cardiac size and impaired left ventricular (LV) diastolic 
function. Although exercise training is recommended for reducing blood pressure (BP),[1][2] each 
workout acutely increases BP and hence, may have adverse cardiac effects. Studies examining exercise 
effects on cardiac size and function in older persons have been equivocal and limited by small sample 
sizes.[3][4][5] 
  
Increased fatness and the associated condition of insulin resistance also have adverse cardiac effects.[6][7] 
Conversely, exercise reduces fatness, [8][9][10] which is a pathway by which exercise reduces BP and 
insulin resistance.[10] For this reason, exercise-induced reductions in body fatness may lead to beneficial 
cardiac effects. 
 
The present participants were part of a randomized controlled trial of 6 months of aerobic and resistance 
exercise.[9][10] The present study examines changes in cardiac size and LV diastolic function and 
relationships among changes in fitness, fatness, BP, and insulin resistance, and cardiac parameters. 
 
 
Methods 
 
The Johns Hopkins Institutional Review Board, Baltimore, MD, approved the study. Informed written 
consent was obtained from each participant. 
 
The details of study recruitment, procedures, intervention, and participant flow are given 
elsewhere.[9][10] Briefly, participants were aged 55-75 years and in good health except for untreated mild 
hypertension. Exclusions included cardiovascular diseases or other serious illnesses; smoking; diabetes; 
and regular exercise > 90 minutes per week. For BP eligibility, participants were required to have 
untreated systolic BP (SBP) between 130-159 and/or diastolic BP (DBP) between 85-99 mm Hg during 2 
consecutive weekly visits and an average in this range over 4 visits.  
 
Maximal exercise testing followed the BP screening. Participants with ST segment depression > 1 mm, or 
complex arrhythmias, or ischemic symptoms were excluded. Ultimately, 115 participants were 
randomized to study groups.[8][9][10] 
 
Baseline and Follow-Up Measures 
BP and Heart Rate (HR) 
BP was obtained using an automated cuff (Dinamap MPS Select, Johnson & Johnson, New Brunswick 
NJ). After 5 minutes of rest, BP was measured 3 times with 1-minute between readings. If they differed 
by more than 5 mm Hg, extra readings were obtained. The mean of 3 consecutive readings within 5 mm 
Hg of each other was the examination value. Baseline BP was the mean of all screening visits and a visit 
after the participant qualified for the study. Final BP was the mean of BP taken during the last month of 
the study and during final testing. Heart rate was determined similarly. 
 
Fitness 
Peak oxygen uptake (VO2) was measured using a Vmax 229 Metabolic System (SensorMedics, Inc., 
Yorba Linda CA). Treadmill walking began at 3 mph, at a grade of 0%, and increased by 2.5% every 3 
minutes. Participants exercised to volitional fatigue. Validation of a participant’s maximal effort was 
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provided by reaching 18 or higher on the Borg Rating of Perceived Exertion scale,[11] a respiratory 
exchange ratio of 1.1 or greater, and by heart rate or oxygen uptake plateauing. 
Muscle strength was assessed by one-repetition maximum (highest weight on one attempt)[12] on each of 
7 exercises on a multi-station machine (Hoist Fitness, San Diego, CA). Exercises were the bench press, 
shoulder press, seated mid-rowing, lat pull–down, leg extension, leg curl, and leg press. Muscle strength 
is reported as the sum of weights of these exercises. 
 
Body Composition 
Anthropometric measures were body weight, height and body mass index[9][10] and body surface 
area.[13] Percent body fat and lean mass were determined by dual energy X-ray absorptiometry (GE 
Lunar Prodigy, General Electric Medical Systems, Milwaukee WI) Abdominal total, visceral, and 
subcutaneous fat were measured by magnetic resonance imaging (MRI) with a Vision 1.5T MRI system 
(Siemens Medical Systems, Iselin NJ). An experienced reader following procedures described 
elsewhere,[12] [14] traced and averaged 1-cm wide slices obtained at one slice below, at, and above the 
umbilicus. 
 
Blood Chemistries 
Glucose and insulin were measured from fast blood samples. Insulin resistance was assessed using the 
quantitative insulin sensitivity check index (QUICKI).[15] QUICKI is defined as 1/[log (I0) + log (G0)]. A 
lower index indicates more insulin resistance.  
 
LV Mass by MRI 
Using the same MRI as for abdominal images, a stack of short axis gradient-echo slices from the base to 
apex was acquired. Images were processed using Cardiac Image Processing System.[16][17] The end 
diastolic endocardial margin was contoured manually. The LV cavity area in each slice was calculated, 
and volume was estimated by factoring the known slice thickness. This was repeated at the epicardial 
boundary, and the volume estimated included LV myocardium and cavity. Subtracting cavity volume and 
multiplying by tissue mass density, all slices were summed to yield total LV mass. Our reproducibility for 
LV mass [17] is intra-observer % error = 2.7%, r (correlation coefficient) = 0.99; inter-observer % error = 
10.4%, r = 0.95. LV mass was indexed dividing LV mass by body surface area (LVMI). 

 

Cardiac Size and Function by Echocardiography 
Standard views were obtained using a Sonos 5500 or 2500 system (Agilent Technologies, Palo Alto, 
California). Measurements were performed on an Image-Vue analysis system (Nova Microsonics, 
Bellevue, WA) or an EnConcert system (Philips Medical Systems, Andover, MA). Two-dimensional, M 
mode and Doppler examinations were performed with a 2.5 MHz transducer. Three measurements of each 
parameter were made and averaged. Dimensions were measured at end systole and diastole. Relative wall 
thickness at end-diastole was defined as twice the posterior wall thickness divided by the LV internal 
radius. LV diastolic function was assessed by analysis of mitral inflow patterns, isovolumic relaxation, 
and tissue Doppler imaging (TDI) measurements of mitral annular motion during diastole. Mitral inflow 
measurements included early (E) and late (A) diastolic filling velocities recorded at the leaflet tips. LV 
isovolumic relaxation time was defined as the interval between aortic valve closure click and onset of 
trans-mitral flow. Propagation velocity (Vp) was determined from color M mode images. The cursor was 
aligned within the main direction of mitral inflow from the apical 4-chamber view. The slope of the first 
aliasing contour was measured from the mitral valve plane to a point 4 cm distally into the left ventricular 
cavity. TDI measures of diastolic function from a fixed 5 mm sample at the lateral aspect of the mitral 
annulus were early (Em) and late (Am) mitral annular velocities, and the Em/Am and E/Em ratio. 
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Exercise Intervention  
Following American College of Sports Medicine guidelines[1] the program consisted of 78 supervised 
sessions (3 days x 26 weeks). Each session began with a warm-up, followed by resistance and then 
aerobic training. Resistance training consisted of 2 sets of 10 to 15 repetitions per exercise, at 50% of one-
repetition maximum. The 7 exercises performed were the same as those for testing. Aerobic exercise 
lasted 45 minutes on the participant’s choice of a treadmill, stationary cycle, or stair stepper. The target 
HR range was set at 60-90% of the maximum HR during baseline treadmill testing and was monitored 
with HR monitors (Polar, Inc., Lake Success, NY). As fitness improved, the aerobic workload was 
increased to maintain HR at target levels. For resistance exercise, the weight lifted was increased when 15 
repetitions could be completed without difficulty. 
 
Control Group, Diet and Physical Activity, BP Monitoring 
Because activity and diet are usual care recommendations for hypertension,[18] participants were given 
the National Institute of Aging Guidelines for Exercise (http://www.nia.nih.gov/exercisebook) and the 
American Heart Association Step I Diet (http://www.americanheart.org). All participants reported twice 
monthly for BP checks. If SBP was >159 or DBP > 99 mm Hg, they were assessed weekly, and 
withdrawn if BP was above range for 4 weeks.  
 
Statistical Analysis 
Data analysis was done using JMP 5.1 software (SAS Institute Inc., Cary, NC). Between-group 
differences at baseline were examined by t-tests. The group comparisons in response to treatment applied 
analysis of covariance (ANCOVA) using general linear models. For each outcome variable, the 6-month 
value was the dependent variable and the baseline value and group assignment were the independent 
variables. To ascertain determinants of individual differences in response to treatment, data for both 
groups were combined and Pearson correlations were calculated between 6-month changes in 
physiological and fatness variables with cardiac parameters. Where more than one bivariate relationship 
achieved significance, stepwise regression models were constructed to assess independent contributions of 
physiological and fatness variables to cardiac changes. 
 
 
Results 
 
Participant characteristics 
There were 8 dropouts (4 per group for personal reasons) and 3 withdrawals (1 per group for elevated BP, 
and 1 exerciser for an unrelated illness). Complete data are available for 104 participants: 51 exercisers 
(25 men; 26 women) and 53 controls (26 men; 27 women); 87% were non-Hispanic white, 11% African-
American, 1% Asian American, and 1% Hispanic. Age among exercisers (63.0± 5.3 years) did not 
significantly differ from controls (64.1 ± 6.1 years). There were no significant group differences in 
physiological or fatness parameters at baseline (Table 1). Participants not completing the study had 
baseline values similar to those completing the study (data not shown). 
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Adherence to Exercise Training 
Exercisers completed 69 ± 8 sessions (88% compliance). Because of missed sessions, 11 participants 
exercised for an extra month to achieve at least 62 sessions (80%). In separate analyses (not shown), the 
responses to training for these subjects did not differ from the other exercisers.  Only one exerciser fell 
below 80% compliance (34 sessions; 44%). Exercise HR was in the prescribed ranges 98% of the time, 
averaging 135.5 ± 10.4 bpm during 2587 ± 55 seconds per session of aerobic exercise. 
 
Exercise Training Effects 
At 6 months, SBP was not significantly different between groups whereas DBP and HR were lower 
among exercisers (each P<0.01) (Table 1). At 6 months, peak VO2, muscle strength, and percent lean 
body mass were significantly higher among exercisers versus controls. Each measure of fatness and 
insulin resistance were significantly decreased and lean mass was significantly increased among 
exercisers versus controls.  
 
The only baseline group difference among cardiac parameters (Table 2) was a slightly lower relative wall 
thickness (P<0.01) among exercisers. No significant differences between groups were found in any 
cardiac measure at 6 months.  
 
Determinants of Change in Cardiac Size and Diastolic Function 
Although there were no training effects on cardiac parameters, there was variation in change among 
individuals. The change in left atrial (LA) size correlated positively with change in peak VO2 (R=0.22, 
P=0.03). The change in LVMI correlated negatively with change in abdominal total (R=-0.24, P=0.02), 
visceral (R=-0.20, P=0.04) and subcutaneous fat (R=-0.20, P=0.05). In a stepwise model, abdominal fat 
change was the only independent correlate of LVMI change, accounting for 6% (P=0.02) of the variance. 
No other measures of change in cardiac size correlated with changes in physiological and fatness 
parameters.
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Table 3. Pearson Correlations of Changes in Measures of LV Diastolic Function with Changes in Physiological and Fatness Measures

Variable Peak E Peak  A E/A Vp Em Em/Am E/Em

Peak oxygen uptake 0.01 -0.31† 0.27† -0.07 0.12 0.13 -0.10

Muscle strength -0.01 -0.01 0.05 -0.07 0.19 0.19 0.05

Body weight -0.10 0.05 -0.16 -0.06 -0.07 -0.09 -0.01

Body mass index -0.14 0.04 -0.18 -0.08 -0.07 -0.09 -0.04

Percent body fat 0.02 0.02 -0.13 0.01 -0.16 -0.18 -0.06

Abdominal total fat -0.23* 0.03 -0.22* -0.20* -0.33† -0.30† 0.08

Abdominal subcutaneous fat -0.21* 0.03 -0.25* -0.19 -0.32† -0.28† 0.08

Abdominal visceral fat -0.16 0.01 -0.10 -0.16 -0.22* -0.23* -0.02

Systolic BP 0.24* 0.03 0.07 0.07 -0.15 -0.17 0.27†

Diastolic BP 0.11 -0.06 -0.01 -0.01 -0.17 -0.24* 0.07

Resting HR -0.03 0.07 -0.21* 0.02 -0.14 -0.16 -0.08

Insulin -0.27† -0.19 -0.02 -0.14 -0.18 -0.19 -0.03

QUICKI 0.21* 0.13 0.09 0.08 0.19 0.21* 0.01

Abbreviations as in Table 2.

* P<0.05

† P<0.01

 on May 21, 2023 by guest. Protected by copyright. http://heart.bmj.com/ Heart: first published as 10.1136/hrt.2005.079962 on 24 November 2005. Downloaded from 

http://heart.bmj.com/


 

 

10
Determinants of Change in LV Diastolic Function 
Parameters of diastolic function that showed at least one significant bivariate correlation with a 
physiological or fatness parameter are shown in Table 3. The peak E change correlated negatively with 
the changes in abdominal total, subcutaneous, and visceral fat, insulin, and positively with changes in 
SBP and QUICKI. The peak A change correlated negatively with change in peak VO2. The E/A change 
correlated positively with change in peak VO2 and negatively with change in abdominal total and visceral 
fat and HR. The Vp change correlated negatively with the change in abdominal total fat. The Em change 
correlated positively with changes in abdominal total, subcutaneous, and visceral fat. The Em/Am change 
correlated negatively with changes in these same measures of abdominal fat and DBP and correlated 
positively with the change in QUICKI. The E/Em change correlated positively with the change in SBP.  
 
In the stepwise regression models, an increase in E was accounted for by reductions in insulin, accounting 
for 7% of the variance (P<0.01), increased SBP (7%, P<0.01) and decreased abdominal total fat (5%, 
P=0.02). An increase in E/A was accounted for by an increase in peak VO2 (6%, P<0.01). Increases in Em 
and Em/Am were each accounted for by decreased abdominal total fat, which accounted for 10% of the 
variance (P<0.01) for each parameter. Decreased E/Em was accounted for by decreased SBP (7%, 
P=0.01). These associations were unchanged when adjusted for gender. 
 
 
Discussion 
 
This is the first randomized controlled trial to examine cardiac size and LV diastolic function in older 
individuals with mild hypertension participating in an exercise program recommended for 
hypertension.[1] When analyzed by group assignment, there were no training effects on any measured 
cardiac parameter. This is also the first study in adults in which cardiac parameters, fitness, body 
composition, BP, and insulin resistance was studied simultaneously. When examining individual 
responses, reductions in abdominal fatness were associated, albeit modestly, with improvements in LV 
diastolic function. 
 
Exercise Effects on Cardiac Size and LV Diastolic Function 
Aerobic training imposes primarily a volume load on the heart whereas resistive exercise imposes 
primarily a pressure load. These hemodynamic responses have raised concerns that the increases of pre- 
or after-load during a workout may be detrimental to persons with hypertension. Despite evidence of a 
beneficial training effect on physiological and fatness parameters, there was no evidence of adverse 
effects of exercise on cardiac size or LV diastolic function. 
 
While the group analysis showed no changes in cardiac size and function, analysis of individual responses 
revealed a modest increase in LA size among participants attaining the greatest increases in peak VO2 and 
a modest increase in LVMI among participants attaining the greatest decreases in abdominal fat. Increases 
in cardiac size resulting from exercise differs from that of hypertension in that there is wall thickening and 
impaired diastolic filling with hypertension.[19] In this regard, we found that improvements in 
physiological and fatness parameters correlated with modest improvements in diastolic function based on 
several methods including standard Doppler E, A, and E/A ratio, and newer parameters reflecting LV 
relaxation by color M-mode and Em and Em/Am by TDI. TDI measurements of mitral annular velocities 
represent subendocardial changes in strain and are sensitive to subtle changes in LV function.[20] 
Although modest, these results suggest a physiological hypertrophy among individuals having the greatest 
increases in fitness and reductions in fatness. The apparent paradoxical finding of an association of 
decreased fatness with increased LVMI as opposed to increases in LVMI seen in sedentary obese persons 
reflects the fact that decreased fatness resulted from exercise training that imposed multiple bouts of 
increased myocardial loading over 6 months. 
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Obesity and Cardiac Size and Function 
Obesity is a determinant of LV diastolic dysfunction.[21] Pascual et al[22] found that increased fatness 
adversely affected LV diastolic but not systolic function. Possible mechanisms for diastolic dysfunction in 
obesity are increases in blood volume leading to hypertension, increased LV wall stress, and LV 
hypertrophy.[23] Most studies of cardiac function and fatness have used body mass index, an indicator of 
general fatness. A new observation herein, albeit modest, is that a decrease in abdominal fatness was 
associated with improved LV diastolic function. Diastolic function can be impaired by 
hyperglycemia,[24] insulin resistance and hyperinsulinemia.[25][26][27] In the parent study involving the 
present participants,[9] exercise-induced decreases in insulin resistance were associated with decreases in 
abdominal fatness.[9] Presently, decreased fasting insulin correlated with increased E whereas improved 
insulin resistance was associated with increased E and Em/Am. Although the finding that decreased SBP 
was associated with increased mitral E velocity is not easy to explain, more plausible are the associations 
of decreased SBP with decreased E/Em, an indicator of diastolic filling pressure, and decreased DBP with 
increased Em/Am. Not surprisingly, individuals with the greatest increases in fitness tended to have 
improved LV diastolic function. An alternate explanation is that abdominal obesity is not causally related 
to LV diastolic function and may instead be paralleling increased fitness and decreased BP, each of which 
improve LV diastolic function. In the parent study,[10] decreased abdominal fat was associated with 
decreased BP and increased fitness.  
 
Strengths and Limitations 
Among the strengths are that participants had untreated hypertension, the non-completion rate was 10%, 
adherence to exercise was excellent, and cardiac parameters and body composition were assessed by 
contemporary imaging techniques. Limitations are that participants had mild hypertension and relatively 
normal values for cardiac parameters. Thus, the potential for remodeling and improved diastolic function 
was limited and these results cannot be extrapolated to individuals with more severe hypertension. 
Furthermore, because the sample size determination was based on BP changes in the parent study, [10] 
the lack of significant change in cardiac parameters may be due to limited statistical power. 
  
Conclusions and Clinical Implications 
Exercise for 6 months improved fitness, body composition, BP, and insulin resistance. When analyzed by 
group assignment, there were no effects on cardiac size and LV diastolic function. When analyzed by 
changes in physiological and fatness parameters, participants attaining the greatest increases in fitness and 
reductions in abdominal fatness showed a trend of increased cardiac size.  Participants attaining the 
greatest increases in fitness and reductions in abdominal fatness, insulin resistance, and BP showed a 
trend of improved LV diastolic function. An increase in cardiac size accompanied by improved LV 
diastolic function suggests a physiological rather than a pathological hypertrophy. Although modest, the 
association of decreased abdominal fatness with improved LV diastolic function suggests a pathway by 
which exercise improves cardiovascular health. 
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