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Abstract

Objective: The primary aim was to examine the change in left ventricular mass (LVM) in adults 

with overweight or obesity in response to a behavioral weight loss intervention, with variable 

physical activity (PA) prescriptions.

Methods: 383 adults were randomized to a 12-month intervention of diet modification (DIET), 

DIET plus 150 min/wk of PA (DIET+MODPA), or DIET plus prescription of 250 min/wk of PA 

(DIET+HIGHPA). LVM was measured with cardiac magnetic resonance imaging (CMR).

Results: 12-month weight loss was −10.2% (95% CI: −11.7, −8.8) in DIET, −11.0% (95% CI: 

−12.4, −9.5) in DIET+MODPA, and −10.3% (95% CI: −11.8, −8.9) in DIET+HIGHPA. LVM 

decreased at 12 months in DIET [−2.9 grams (95% CI: −5.2, −0.7); P=0.0114] with no change 

observed in DIET+MODPA [−0.8 grams (95% CI: −3.0, 1.5); P=0.4979] or DIET+HIGHPA [−1.1 

grams (95% CI: −3.3, 1.1); P=0.3299].
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Conclusions: Weight loss through dietary modification resulted in reduced LVM, whereas 

when combined with at least 150 minutes per week of prescribed moderate-to-vigorous PA LVM 

is preserved. These may both be favorable adaptations to weight loss and physical activity in 

adults with overweight or obesity that warrant further investigation to understand the clinical 

implications of these changes on cardiovascular disease risk.
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INTRODUCTION

Overweight (body mass index [BMI] ≥25 kg/m2) or obesity (BMI ≥30 kg/m2) are associated 

with chronic diseases, with a major concern being the association with cardiovascular 

disease.(1, 2) Approximately 70% of adults in the United States are overweight with 40% of 

adults obese.(3) Weight loss improves in cardiovascular disease (CVD) risk factors,(1) and 

weight loss of at least 10% is associated with reduced CVD.(4)

Left ventricular mass (LVM) of the heart is a clinically important prognostic indicator of 

CVD,(5, 6) and BMI is associated with greater LVM measured with echocardiography.(7) 

Studies using cardiac magnetic resonance imaging (CMR) have also shown larger LVM at 

higher levels of BMI,(8) and we have shown that LVM measured by CMR is positively 

associated with weight and BMI in adults with overweight or obesity.(9)

The larger LVM associated with excess weight may lead to maladaptive hypertrophy 

and potentially heart failure,(10) this may be a pathway by which overweight or obesity 

contribute to CVD. While weight loss has been shown to reduce CVD risk factors and 

potentially the onset of CVD.(4) However, it is unclear if the method of weight loss has 

differential effects on LVM measured by CMR.

Physical activity (PA), when added to modest dietary restriction, can enhance weight loss 

and may be predictive of improved weight loss maintenance.(11) PA also contributes to 

improvements in cardiorespiratory fitness (CRF) in the presence of weight loss,(12, 13) and 

CRF may influence health even with excess weight.(14, 15, 16) We reported that CRF is 

associated with LVM in adults with overweight or obesity, possibly suggesting a favorable 

adaptive response.(9) This is consistent with the known effects of PA on an adaptive 

response that results in increased LVM while retaining or enhancing cardiac function.(17, 

18) However, it is unclear if the dose of PA combined with moderate dietary restriction to 

achieve weight loss results in differential effects on LVM compared to weight loss achieved 

with moderate dietary restriction alone.

This study examined the change in LVM in response to a weight loss intervention 

that compared modest dietary restriction (DIET), DIET plus a moderate dose of PA 

(DIET+MODPA), and DIET plus a high dose of PA (DIET+HIGHPA). Changes in end-

systolic (ESV) and end-diastolic volume (EDV) and ejection fraction (EF), weight, body 

composition, CRF, and other CVD risk factors were also examined.
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METHODS

Design

This was a university-based (Pittsburgh) clinical trial with randomization to 1 of 3 

interventions, with all groups receiving a 12-month behavioral weight loss intervention 

(ClinicalTrials.gov NCT01500356). The groups were: 1) DIET received a prescribed energy 

reduced diet with no PA, 2) DIET+MODPA received a prescribed energy reduced diet plus 

PA to progress to 150 minutes per week, 3) DIET+HIGHPA received a prescribed energy 

reduced diet plus PA to progress to 250 minutes per week. The randomization scheme 

was stratified by sex and race (white or nonwhite) in randomly selected block sizes. The 

randomization scheme was developed by the statistician and implemented by the principal 

investigator. The primary outcome was change in LVM from baseline to 12 months.

Participants

Recruitment occurred between December 2011 and June 2015. Participants (N=383) 

were recruited through methods that included targeted mailing of post cards, email 

advertisements, research registries, and other referrals. Eligibility and exclusion criteria 

have been reported previously.(9) Eligibility included being 18 to 55 years and within 

a BMI range of 25 to <40 kg/m2. Ineligibility criteria included: 1) self-reporting ≥60 

minutes per week of structured moderate-to-vigorous intensity PA (MVPA), 2) weight 

loss of ≥5% within the prior 6 months or a history of bariatric surgery, 3) history of 

cardiometabolic disease, diabetes mellitus, or cancer, 4) taking medication that could affect 

heart rate or blood pressure, 5) taking medication that could influence weight, 6) treatment 

for psychological conditions that included medication or counseling, 7) currently pregnant, 

pregnant within the prior 6 months, or planning a pregnancy within the next 12 months, 8) 

planning on geographical relocation outside of the region within 12 months, 9) inability to 

comply with the components of the interventions, 10) or had a contraindication that would 

prohibit MRI scanning. Participants provided written informed consent and procedures were 

approved by the University of Pittsburgh’s Institutional Review Board. Participants provided 

clearance from their personal physician prior to study participation.

Intervention

Intervention Contact—The interventions received the same prescribed contact across the 

12-month intervention. Weekly intervention sessions were scheduled during months 1-6. 

Each intervention session was scheduled to last approximately 30-45 minutes in duration, 

with these including discussion of theory-based strategies to promote adherence to the 

weight loss behaviors.(19, 20, 21, 22) If an intervention session was missed, attempts were 

made to engage the participant in an in-person or telephonic make-up session. During 

months 7-12, the in-person sessions were decreased to approximately two sessions per 

month along with two brief individual telephonic sessions per month.

Dietary Intervention—All of the interventions received the same prescribed diet.(23, 

24) Calorie intake was prescribed at 1,200 kcal/d, 1,500 kcal/d, and 1,800 kcal/d for 

participants who weighed <90.7 kg, ≥90.7 kg to <113.4 kg, and ≥113.4 kg, respectively. 

Dietary fat intake was prescribed at 20% to 30% of total calorie intake, with specific 
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amounts of other nutrients (e.g., carbohydrates, protein, sodium, added sugars, etc.) not 

prescribed. Participants were instructed to record food intake in a diary that was reviewed 

by intervention staff with feedback provided. If weight loss was >6% during each 4-week 

period, or if BMI was reduced to ≤22 kg/m2, calorie intake was adjusted to slow the rate of 

weight loss.

Physical Activity—DIET was instructed to maintain their PA across the 12-month 

intervention. DIET+MODPA and DIET+HIGHPA were prescribed PA that started at 100 

min/wk and progress by 25 min/wk in 4-week intervals until achieving a prescribed dose 

of 150 min/wk for DIET+MODPA or 250 min/wk for DIET+HIGHPA. All activity was 

non-supervised, and participants were instructed to engage in PA similar to brisk walking, 

or other modes that were consistent with MVPA, for periods of ≥10 minutes to achieve 

the prescribe amount of PA. DIET+MODPA and DIET+HIGHPA were instructed to record 

PA in a diary that was reviewed by intervention staff with feedback provided. Participants 

engaging in PA that was not consistent with their prescription were counseled by the 

intervention staff.

Outcome Measures

CMR Measures: CMR was performed at baseline and 12 months to examine changes 

in LVM, which was the primary outcome. CMR also assessed ESV, EDV, and EF. CMR 

staff were blinded to randomized assignment. As previously reported,(9) subjects were 

scanned on a 1.5 Tesla Siemens Magnetom Espree scanner (Erlangen, Germany) with a 

32-channel phased array cardiovascular coil. Standard long axis cines were acquired in the 2, 

3, and 4 chamber orientations. Measurements without geometric assumptions from manual 

end-diastolic and end-systolic endocardial and epicardial traces of short axis stacks of cines 

acquired with 6 mm slice thickness using commercially available software were taken for 

LVM. There was no inter-slice gap to improve spatial resolution in the long axis direction 

and accurately measure left ventricular myocardium at the base of the heart. Papillary 

muscles were excluded from LVM measures. Typical parameters were: FOV 380 x 340 cm, 

matrix 256 x 144, 1.5 x 2.4 mm pixels, FA 50 degrees, temporal resolution 30-45 msec, 30 

frames per cardiac cycle, TR/TE=2.9/1.2 msec, pixel bandwidth=930 Hz, parallel imaging 

factor 2 or 3 (GRAPPA).

Descriptive Characteristics: Demographic characteristics (gender, race, ethnicity, 

education) were collected via questionnaire at baseline.

Weight, Height, BMI, and Body Surface Area (BSA): Weight was assessed at 

baseline, 6, and 12 months with the subject clothed in a lightweight hospital gown and 

shoes removed. Weight was assessed using a calibrated digital scale to the nearest 0.1 kg 

with duplicate measures differing by ≤0.5 kg. Height was assessed at baseline with shoes 

removed using a wall-mounted stadiometer to the nearest 0.1 cm with duplicate measures 

differing by ≤0.5 cm. Weight and height were used to compute BMI (kg/m2). BSA was 

computed as BSA=0.0235×Height in cm0.42246×Weight in kg0.51456. Weight change (kg) 

and percent weight change were computed at 6 and 12 months compared to baseline.
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Body Composition: Body composition was measured as baseline, 6, and 12 months from 

a total body scan obtained from a dual-energy x-ray absorptiometer (DXA, GE Lunar iDXA, 

Madison, WI).(9)

Cardiorespiratory Fitness: CRF was assessed at baseline, 6, and 12 months with 

a submaximal graded treadmill exercise test (9, 23). Indirect calorimetry was used to 

assess oxygen consumption (L·min−1 and ml·kg·min−1). The test was terminated when the 

participant achieved 85% of their age-predicted maximal heart rate.(23)

Resting Blood Pressure: Resting blood pressure was assessed at baseline, 6, and 12 

months. Duplicate measures were obtained following a 5-minute seated rest period with 

systolic blood pressure (SBP) measures differing by ≤10 mmHg and diastolic blood pressure 

(DBP) measures differing by ≤6 mmHg, with a third measurement taken if these criteria 

were not achieved.

Blood Samples: Blood samples were collected using venipuncture at baseline, 6, 

and 12 months. Participants were instructed to fast for a period of 12 hours prior to 

sample collection. Samples were stored at −80° C until the time of analysis by a CLIA 

certified laboratory. Samples were analyzed for total cholesterol, triglycerides, low-density 

lipoprotein cholesterol (LDL-C) high-density lipoprotein cholesterol (HDL-C), glucose, 

insulin, and c-reactive protein (CRP).

Physical Activity: PA was assessed at baseline, 6 months, and 12 months using both a 

self-reported questionnaire(25) and a wearable device as previously described.(23, 26) The 

questionnaire queried on walking, flights of stairs climbed, and other sport, recreational, and 

fitness activities over the past week. For the wearable device, subjects wore it for a one-week 

period at each assessment period. Data were considered valid if the participant wore the 

device for 10 or more hours per day on 4 or more days during the observation period. 

Data were used to identify minutes and metabolic equivalent task (MET)-minutes per week 

of MVPA (≥3.0 METs) and light-intensity PA (1.5 to <3.0 METs). Percent sedentary time 

(awake time <1.5 METs) was calculated as sedentary time divided by the activity monitor 

wear time.

Dietary Intake: Dietary intake was assessed used the Diet History Questionnaire, with 

DietCalc software (version 1.5.0) used for analysis. Subjects reported their typical dietary 

patterns over the prior month.

Safety Monitoring: An external data and safety monitoring board (DSMB) was appointed 

to assist with oversight of safety monitoring. Additionally, the investigators monitored a 

variety of safety measures (e.g., resting blood pressure, abnormal exercise test, etc.) and 

were referred to their primary care physician when appropriate. At each assessment period 

participants were queried regarding adverse events using a standardized questionnaire, and 

we observed no serious adverse events related to participation in this study.
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Statistical Analysis

The primary outcome was LVM, and this study was designed to detect an effect size of 0.45 

for the change in LVM from baseline to the end of the 12-month weight loss intervention. 

Applying the Bonferroni-adjustment (2-tailed significance level of 0.0167) to control for 

three pairwise comparisons, it was estimated that 104 participants per group were required 

to provide 80% power to detect an effect size of 0.45. To account for up to a 20% attrition 

rate, the projected sample size was increased from 312 to 390 subjects.

Analyses were performed using SAS version 9.4 (SAS Institute, Cary NC). Baseline 

characteristics of study participants were presented both overall and by randomization 

groups, with frequency (percentage) for categorical variables and mean ± standard deviation 

for continuous variables.

All randomized participants were included in intent-to-treat analyses. A linear regression 

model was fit to examine the effects of three interventions on the primary outcome, 

change in LVM from baseline to 12-months. Covariate adjustment in the model included 

randomization stratification factors of race and sex as well as baseline LVM. Adjusted least 

square mean (LSMEAN) for each intervention was obtained from the model and pairwise 

group comparison between the LSMEANs was tested at a significance level of 0.0167.

Changes from baseline in weight, BMI, body composition, CRF, fasting lipids, glucose, 

insulin, CRP, resting blood pressure, and PA measures were assessed at 6- and 12-month. 

These changes were analyzed by separate mixed effects models with two time points 

adjusting for race, sex, and baseline level of each outcome. Effects of interventions, time, 

and interventions by time interaction were tested at 0.05 significance level. Adjusted 

LSMEANs for each intervention at 6- or 12-month were obtained from the model. Since 

we considered these as exploratory analyses, each pairwise group comparison between the 

LSMEANs at 6- or 12-month was tested at a significance level of 0.0167. Missing data were 

assumed to be missing at random.

RESULTS

This study randomized 383 participants (DIET=127, DIET+MODPA=129, 

DIET+HIGHPA=127) with reasons for exclusion shown in Figure 1. Descriptive 

characteristics are shown in Table 1. At 12 months, weight data were available for 84.1% 

(322/383) of randomized participants (86.6% [110/127] in DIET, 80.6% [104/129] in 

DIET+MODPA, 81.9% [105/127] in DIET+HIGHPA) and CMR data were available for 

82.8% (317/383) of randomized participants (85.8% [109/127] in DIET, 80.6% [104/129] in 

DIET+MODPA, 81.9% [104/127] in DIET+HIGHPA).

CMR Outcomes

CMR outcomes are shown in Table 2 and Figure 2. The primary outcome was LVM, 

and there was a significant reduction observed at 12 months in DIET [−2.9 grams (95% 

CI: −5.2, −0.7); P=0.0114] with no change observed in DIET+MODPA [−0.8 grams 

(95% CI: −3.0, 1.5); P=0.4979] or DIET+HIGHPA [−1.1 grams (95% CI: −3.3, 1.1); 

P=0.3299]. LVM relative to BSA increased in all groups [DIET=1.2 grams/BSA (95% 

Jakicic et al. Page 6

Obesity (Silver Spring). Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CI: 0.2, 2.3), P=0.0220; DIET+MODPA=2.7 grams/BSA (95% CI: 1.6, 3.7); P<0.0001; 

DIET+HIGHPA=2.0 grams/BSA (95% CI: 1.0, 3.1); P=0.0002]. All groups had significant 

increases in ESV and EDV, with no change in EF. Prespecified pairwise comparisons 

showed that there was no difference between the interventions for the change in LVM, ESV, 

EDV, or EF (Table 2, Figure 2).

Weight and Body Composition

Weight and body composition are shown in Table 3. Weight decreased significantly 

(P<0.0001) across the 12-month intervention with no significant difference among 

interventions. Weight loss at 6 month was −9.3% (95% CI: −10.3, −8.2) in DIET, 

−10.3% (95% CI: −11.4, −9.2) in DIET+MODPA, and −10.3% (95% CI: −11.3, −9.2) in 

DIET+HIGHPA, and weight loss as 12 months was −10.2% (95% CI: −11.7, −8.8) in DIET, 

−11.0% (95% CI: −12.4, −9.5) in DIET+MODPA, and −10.3% (95% CI: −11.8, −8.9) in 

DIET+HIGHPA, with the weight loss at 6 and 12 months being significantly different (Time 

Effect P=0.0175). A similar pattern was observed for absolute change in weight, BMI, fat 

mass, and percent body fat. A modest reduction in lean mass was also observed in each 

group (P<0.0001), with no difference among interventions, and the change at 6 and 12 

months did not differ.

Cardiorespiratory Fitness

CRF is shown in Table 3. There was a significant increase in relative oxygen consumption 

(ml/kg/min) (P<0.0001), with a difference in the pattern of change among the three 

interventions (Group X Time: P=0.0081). A similar pattern was observed when CRF 

was assessed based on termination time on the graded exercise test. The change in 

absolute oxygen consumption (L/min) from baseline to 12 months significantly decreased in 

DIET (P=0.0106) with no change in either DIET+MODPA (P=0.6158) or DIET+HIGHPA 

(P=0.8883).

CVD Risk Factors

CVD risk factors are shown in Table 4. Total cholesterol decreased significantly in all 

groups at 6 months, but at 12 months was only significant for DIET (P=0.0004) and 

DIET+HIGHPA (P=0.0010). The decrease in LDL-C was significant at 6 (P’s<0.0001) and 

12 months (P’s≤0.0059) for DIET and DIET+HIGHPA. HDL-C decreased significantly at 

6 months for DIET and no significant change for DIET+MODPA or DIET+HIGHPA, with 

all groups showing a significant increase at 12 months (P≤0.0001). Triglycerides decreases 

significantly (P<0.0001) in all groups at both 6 and 12 months. Fasting glucose decreased 

significantly for all groups at 6 months, but at 12 months the decrease was only significant 

for DIET (P=0.0026) and DIET+HIGHPA (P=0.0010). Fasting insulin (P’s<0.0001) and 

CRP (P’s≤0.0107) decreased significantly in all groups at both 6 and 12 months. SBP 

significantly decreased at both 6 and 12 months in all groups (all P’s <0.0001), with a 

similar pattern observed for change in DBP.
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Dietary Intake

Total calorie intake significantly decreased at both 6 and 12 months in all groups (all P’s 

<0.0001), with a similar pattern observed for the change in percent of calories consumed as 

dietary fat (all P’s <0.0001) (Table 5). The percent of calories consumed as carbohydrates 

increased at both 6 and 12 months in all groups (all P’s ≤0.0035), with a similar pattern for 

the increase in the percent of calories consumed as protein (all P’s ≤0.0046). The change in 

total calorie intake and macronutrient composition did not differ between groups.

Physical Activity

PA is shown in Table 6. Minutes of self-reported PA increased in DIET+MODPA and 

DIET+HIGHPA at both 6 and 12 months (P’s<0.0001), with the change not being 

statistically significant at either 6 or 12 months for DIET. Based on pairwise comparisons, 

the change in self-reported PA was significantly different between groups when compared at 

both 6 months (P’s <0.0001) and 12 months (P’s ≤0.0156). A similar pattern was observed 

for energy expenditure of self-reported PA; however, the change in self-reported PA did not 

differ between DIET+MODPA and DIET+HIGHPA at 12 months.

Objectively measured total minutes of MVPA significantly increased in DIET+MODPA and 

DIET+HIGHPA from baseline to 6 months (P’s≤0.0001) and in all groups at 12 months 

(P’s≤0.0032). Additional post-hoc comparisons showed that all groups differed from each 

other for the change at 6 months (P’s≤0.0085) with the change in MVPA being greater in 

both DIET+MODPA (P=0.0081) and DIET+HIGHPA (P=0.0064) compared to DIET at 12 

months. A similar pattern was observed for the change in total minutes of MVPA.

Objectively measured MET-min/week of MVPA in ≥10-minute sessions significantly 

increased in DIET+MODPA and DIET+HIGHPA from baseline to 6 months (P’s<0.0001) 

and in all groups at 12 months (P’s≤0.0041). Additional post-hoc comparisons showed 

that all groups differed from each other for the change at 6 months (P’s≤0.0093) with the 

change in being greater in both DIET+MODPA (P=0.0165) and DIET+HIGHPA (P=0.0144) 

compared to DIET at 12 months. A similar pattern was observed for the change in min/wk 

of MVPA in ≥10-minute sessions at 6 months, but the groups did not differ at 12 months.

Objectively measured MET-min/wk of light-intensity PA significantly increased for both 

DIET+MODPA and DIET+HIGHPA at 6 months (P’s<0.0001) and in all groups at 12 

months (P’s≤0.0020), with no difference between groups for the change at either 6 or 

12 months. Similar findings were observed for min/wk of light-intensity PA. Sedentary 

behavior, based on percent of monitor wear time, significantly decreased in all groups at 6 

months (P’s≤0.0123) and 12 months (P’s<0.0001); however, only DIET+HIGHPA differed 

from DIET at 6 months (P=0.0039) and DIET+MODPA differed from DIET at 12 months 

(P=0.0069).

DISCUSSION

This study was designed to examine changes in LVM with weight loss induced by moderate 

dietary restriction alone or in combination with a moderate or high amount of prescribed PA. 

Weight loss induced through dietary modification alone resulted in a significant reduction 
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in LVM, whereas dietary modification combined with moderate-to-high amounts of PA 

resulted in non-significant reductions in LVM. By comparison, an observational study 

reported that weight loss was associated with reduction in LVM, however, that study did 

not report on whether weight loss was achieved with diet or the combination of diet and 

PA.(27) Weight loss induced by bariatric surgery has also been shown to reduce LVM.

(28) The reduction in LVM observed in this study with weight loss in the absence of 

increased PA, which may be a favorable adaptive response that reduces LVM hypertrophy 

and cardiovascular risk,(27) appears to be consistent with the prior studies of weight loss.

(29) Unique to this study is the finding that weight loss combined with PA may preserve 

LVM, which may also be a favorable adaptive response that reflects normal or enhanced 

cardiac function.(17, 18) However, the prespecified pairwise comparisons suggest that the 

observed changes from baseline may not differ between the interventions. Moreover, the 

clinical implications of reducing, preserving, or increasing LVM during periods of weight 

loss are not able to be determined from this study and warrant further investigation.

One could hypothesize potential benefits and clinical implications of reducing LVM with 

weight loss or potentially preserving LVM with weight loss combined with PA. The Look 

AHEAD Study found that an intensive lifestyle intervention focused on weight loss did 

not decrease composite measures of CVD compared to a diabetes support and education 

condition;(30) however, post-hoc analysis has shown that participants with a weight loss of 

at least 10% at one-year or an increase in CRF of at least 2 metabolic equivalents (METS) 

did have a reduction in cardiovascular outcomes.(4) Additional post-hoc analyses showed 

that an increased in PA was associated with reduced risk of cardiovascular outcomes.(31) 

While the mechanisms by which weight loss, CRF, and PA reduced the risk of CVD 

outcomes in Look AHEAD have not been determined, the results of the current study 

showed that weight loss of at least 10% in the absence of increased PA may result in 

an adaptive reduction in LVM, whereas PA when added to weight loss may result in an 

adaptive preservation of LVM. These may provide potential mechanistic pathways for the 

cardiovascular benefits of weight loss and PA within the context of obesity treatment that 

warrant further investigation. Future studies should also consider inclusion of extracellular 

volume (ECV) measures, which may provide valuable information on myocardial “quality” 

(i.e., extent of excess interstitial expansion, usually from myocardial fibrosis) beyond 

quantity (LVM).(32)

Weight loss is associated with improvements in numerous cardiometabolic risk factors.(1) 

The interventions in this study improved resting blood pressure, fasting lipids, fasting 

glucose, fasting insulin, and inflammation. PA, when added to weight loss, did not add to the 

improvements in these CVD risk factors. This may suggest that weight loss of the magnitude 

achieve in this study should be a focus of interventions to improve cardiometabolic health 

in adults with overweight or obesity. However, it is possible that when weight loss of a 

lesser magnitude is achieved, PA may have a greater influence on these cardiometabolic risk 

factors.

Strengths include a randomized design with retention of >80% of participants. The 

intervention successfully achieving mean weight loss of approximately 10% of baseline 

weight in all interventions by 6 months with this magnitude of mean weight loss maintained 
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for an additional 6 months. There was randomization to different amounts of PA, and the 

intervention was successful at achieving different amounts of PA across the three groups. 

Moreover, this study included best practice assessment of LVM and other cardiometabolic 

profiles.

There are limitations to consider. Participants were age 18 to 55 years, primarily women 

who were white/Caucasian, and relatively healthy with no known medical conditions that 

would limit participation in this study (e.g., CVD, diabetes, etc.). It is unclear if similar 

results would be observed in populations with different characteristics or medical conditions 

that were excluded in this study. Moreover, objective measures of dietary intake and 

compliance were not included in this study. The lack of statistical significance between 

groups for the change in the primary outcome of LVM may be reflection of the sample size 

of this study, which should be considered for further studies of weight loss and its effects on 

LVM.

CONCLUSIONS

Weight loss achieved through dietary modification resulted in reduced LVM, whereas with 

the addition of PA LVM appears to be preserved, and both may be favorable adaptive 

responses that reduce cardiovascular risk. Findings suggest that weight loss should be 

considered as a potential treatment to reduce LVM and its association with cardiovascular 

health risk. Findings also support that PA within the context of a behavioral weight 

loss intervention may assist in preserving or enhancing cardiac structure in adults with 

overweight or obesity. This may be a favorable adaptive response, but this cannot be 

confirmed with this study. Further investigation is needed to understand the complexity 

of lifestyle on LVM and the clinical implications of the potential opposing, and potential 

beneficial, effects of weight loss and PA on cardiac structure in adults with overweight or 

obesity.
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What is already known about this subject?

• Left ventricular mass (LVM) of the heart is a clinically important prognostic 

indicator of cardiovascular disease.

• Excess body weight is associated with a maladaptive larger LVM, which may 

contribute to hypertrophy and potential negative clinical outcomes such as 

heart failure, in adults with overweight or obesity.

• Exercise can contribute to an adaptive response resulting in larger LVM 

accompanied by normal or enhanced cardiac function.
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What are the new findings in your manuscript?

• Weight loss achieved through dietary modification results in reduced LVM in 

adults with overweight or obesity.

• Weight loss achieved through dietary modification combined with physical 

activity, prescribed at ≥150 minutes per week, preserved LVM in adults with 

overweight or obesity.
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How might your results change the direction of research or the focus of 
clinical practice?

• Diet induced weight loss reduces LVM in adults with overweight or obesity, 

which may be a favorable adaptive response to reduce cardiovascular risk.

• Physical activity within a behavioral weight loss intervention may preserve 

cardiac structure in adults with overweight or obesity, and this may be 

a favorable adaptive response that reflects a normal or enhanced cardiac 

function.

• Investigation is needed to understand the complex and potential opposing 

effects of lifestyle on LVM.
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Figure 1. 
Consort diagram.
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Figure 2. 
Change in left ventricular mass

*indicates significant change from baseline at p≤0.0167, **indicates p-value for pairwise 

comparison, BSA = body surface area
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Table 1.

Baseline characteristics of participants by intervention condition.

Variable Total
(N=383)

Randomized Group

DIET
(N=127)

DIET+MODPA
(N=129)

DIET+HIGHPA
(N=127)

 Age, years* 45.6±8.0 44.3±8.0 46.8±7.6 45.6±8.1

 

 Gender**

  Male N=79 (20.6%) N=26 (20.5%) N=27 (21.0%) N=26 (20.5%)

  Female N=304 (79.4%) N=101 (79.5%) N=102 (79.1%) N=101 (79.5%)

 

 Race**

  White N=273 (71.3%) N=91 (71.7%) N=93 (72.1%) N=89 (70.1%)

  Non-white N=110 (28.7%) N=36 (28.4%) N=36 (28.0%) N=38 (29.9%)

 

 Hispanic/Latino**

  Yes N=13 (3.4%) N=5 (3.9%) N=3 (2.3%) N=5 (3.9%)

  No N=370 (96.6%) N=122 (96.1%) N=126 (97.7%) N=122 (96.1%)

 

 Weight, kg* 90.9±13.7 91.8±14.5 89.9±13.5 91.0±13.1

 

 Body mass index, kg/m2* 32.4±3.8 32.6±3.5 32.3±3.8 32.2±4.0

 

 Education**

  High school graduate or Graduate Equivalency Degree N=123 (32.1%) N=32 (25.2%) N=46 (35.7%) N=45 (35.4%)

  College graduate or higher N=256 (66.8%) N=93 (73.3%) N=82 (63.6%) N=81 (63.8%)

 

 Relationship Status**

  Married N=225 (58.8%) N=73 (57.5%) N=82 (63.6%) N=70 (55.1%)

  Separated/Divorced N=54 (14.1%) N=21 (16.5%) N=16 (12.4%) N=17 (13.4%)

  Widowed N=2 (0.5%) N=1 (0.8%) N=0 (0.0%) N=1 (0.8%)

  Single/Not Married N=102 (26.6%) N=32 (25.2%) N=31 (24.0%) N=39 (30.7%)

 

 Household income**

  Less than $25,000 N=68 (17.9%) N=23 (18.3%) N=27 (21.3%) N=18 (14.3%)

  $25,000 and more N=300 (79.2%) N=102 (81.0%) N=96 (75.6%) N=102 (81.0%)

  Participant did not report income N=11 (2.9%) N=1 (0.8%) N=4 (3.2%) N=6 (4.8%)

*
indicates data presented as Mean ± Standard Deviation
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**
indicates data presented as N (%)
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