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African Americans have a higher risk of cardiovascular dis-
ease including left ventricular (LV) hypertrophy and heart 
failure compared with Whites, Hispanics, or Asians.1,2 The 
increased cardiovascular risk has long been attributed to a 
higher prevalence of hypertension and obesity in African 
Americans.1,3 Furthermore, nocturnal and nondipping 
hypertension are more prevalent among African Americans 
than Whites, and this may be due to increased salt-sensi-
tivity.4 Progression from prehypertension to hypertension 
is accelerated in African Americans and these factors may 
contribute to the higher cardiovascular risk among African 
Americans.5 The prevalence of diabetes is also much higher 
among African Americans than Whites and it may also 
contribute to increased cardiovascular risk among African 
Americans.6 Previous data suggest the racial disparity may 
be increasing.7 LV hypertrophy is clearly associated with 
an increased risk of heart failure and is frequently seen in 
patients with hypertension or obesity.8,9 Regression of LV 
mass after treatment of hypertension is associated with a 
favorable prognosis.10 Thus, prevention of LV hypertrophy 

may reduce the risk of heart failure events among African 
Americans.

Increased physical activity (PA) has been associated with 
reduced rates of incident heart failure.11,12 PA has also been 
associated with reduced LV mass or LV mass index.13,14 
However, factors that influence this relationship have not 
been completely investigated. Since hypertension and obe-
sity are closely associated with LV hypertrophy, the asso-
ciation between PA and LV mass may be different between 
those with or without hypertension and obesity.15,16 On the 
other hand, the association between PA and LV hypertrophy 
may be independent of changes in blood pressure or body 
mass even in patients with hypertension or obesity.17 Plasma 
N-terminal prohormone brain natriuretic peptide (NT pro-
BNP) concentration level is well established marker of LV 
hypertrophy18 and plasma mid-regional prohormone atrial 
natriuretic peptide (MR pro-ANP) is also associated with LV 
mass index.19

We hypothesized that increased PA is associated with 
decreased LV mass and its biomarkers, and this relationship 
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BACKGROUND
Physical activity (PA) has been associated with decreased left ventricu-
lar (LV) hypertrophy in previous studies. However, little is known about 
the relationship between PA and LV structure and factors which influ-
ence this relationship among African Americans.

METHODS
We evaluated 1,300 African Americans with preserved LV ejection frac-
tion (EF > 50%) from the Genetic Epidemiology Network of Arteriopathy 
(GENOA) Study (mean age 62.4 years, 73% women). PA index was calcu-
lated as 3 * heavy activity hours + 2 * moderate activity hours + slight 
activity hours/day. The relationship between PA index and LV structure 
was evaluated using generalized estimating equation. The association 
between PA index and LV mass index by age group, sex, body mass 
index (BMI), history of hypertension, diabetes or coronary heart disease, 
estimated glomerular filtration rate, and current smoking status were 
plotted.

RESULTS
After adjustment for these factors, higher PA index was independently 
associated with lower LV mass index (P < 0.05). There were significant inter-
actions between PA index and obesity (BMI ≥ 30) and history of hyperten-
sion on LV mass index (P for interaction <0.05, for both). Higher PA index 
was associated with lower LV mass index more in obese or hypertensive 
participants compared with nonobese or nonhypertensive participants.

CONCLUSIONS
Higher PA index was associated with reduced LV hypertrophy in obese 
and hypertensive African Americans. Prospective studies aimed at 
assessing whether increasing PA prevents LV hypertrophy and poten-
tially reduces the risk of heart failure in these at risk groups are warranted.
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is more profound in those with hypertension or obesity. 
Therefore, the purpose of this study is to investigate (i) 
whether PA is associated with LV structure and function and 
NT pro-BNP or MR pro-ANP, (ii) whether these associations 
are independent of blood pressure or body mass, and (iii) 
whether hypertension and obesity moderate the relationship 
between PA and LV mass in the African American cohort 
of the well-characterized Genetic Epidemiology Network of 
Arteriopathy (GENOA).

METHODS

Study population

The present study population consisted of partici-
pants from the Jackson, MS cohort of the GENOA study. 
Study participants gave informed consent for this study. 
This study protocol conforms to the ethical guidelines 
of the Declaration of Helsinki and was approved by the 
Institutional Review Boards of the University of Mississippi 
Medical Center, Jackson, MS. The design and procedures 
for the GENOA study have been previously described.20 
Briefly, GENOA cohorts were originally ascertained 
(1995–2000) through sibships in which at least 2 siblings 
had essential hypertension diagnosed prior to age 60 years. 
After identification of the initial pairs of hypertensive sib-
lings, all siblings in the sibship were invited to participate 
regardless of hypertension status. GENOA cohorts included 
African Americans from Jackson, MS (N = 1,854 at the 1st 
exam), we included this cohort. From the GENOA popula-
tion of African Americans who returned the second visit 
(n  =  1,518), we excluded the following participants from 
this analysis: 85 participants who had LV ejection fraction 
(EF) less than 50%, 81 participants whose LV EF had not 
been measured, 38 participants who had an LV wall motion 
abnormality, and 14 participants who were without at least 
one of the covariates. Thus, the remaining 1,300 partici-
pants were included in this study.

Definition of PA

PA information was obtained from self-report on how 
many hours per day of heavy activity, moderate activity, 
slight activity, and sedentary participants usually engaged 
in. Various examples (eg, jogging is heavy exercise) of activi-
ties that comprise these intensity levels were provided. Each 
activity was defined as follows: Heavy activity—activity that 
is equal or greater than 6 metabolic equivalents intensity 
and includes profuse sweating for periods greater than 30 
minutes; Moderate activity—activity that is greater than 3 
metabolic equivalents and lower than 6 metabolic equiva-
lents intensity and concludes around the onset of sweating; 
Slight activity—activity that is lower than 3 metabolic equiv-
alents intensity and does not induce sweating. The activities 
response list (Supplementary Material) was read to partici-
pants to accurately assess the PA intensity if applicable. We 
semiquantitatively evaluated PA/day by calculating a PA 
index as 3 * heavy PA hours + 2 * moderate PA hours + 1 * 
light PA hours as a predictor variable.21

Laboratory measurements

Blood was collected by venipuncture after an overnight 
fast and processed using standardized protocols at each col-
lection site. Plasma N-terminal prohormone brain natriu-
retic peptide (NT pro-BNP) concentration levels, plasma 
mid-regional prohormone atrial natriuretic peptide (MR 
pro-ANP) concentration levels, serum high-sensitivity 
C-reactive protein concentration levels were evaluated as 
previously described.22 Fasting insulin and glucose concen-
trations were measured by standard enzymatic methods and 
homeostasis model assessment-insulin resistance was cal-
culated as (fasting insulin concentration * fasting glucose 
concentration)/405. Serum creatinine concentrations were 
measured by standard enzymatic methods, and estimated 
glomerular filtration rate (eGFR) was calculated from the 
serum creatinine using following equations23,24: eGFR = exp 
(1.911 + 5.249/SCr − 2.114/SCr2 − 0.00686 * Age − 0.205 (if 
female) (where SCr: serum creatinine, if SCr < 0.8 mg/dl, 0.8 
was used for SCr).

Definition of comorbidities

Essential hypertension, was defined as: (i) average of the 
last 2 out of 3 systolic BP readings ≥140 mm Hg or (ii) an 
average of the last 2 out of 3 diastolic BP readings ≥90 mm 
Hg or (iii) previous diagnosis of hypertension and antihy-
pertensive medication prescribed by a physician to be taken 
daily during the last month. Diabetes was defined as pre-
sent if a participant was receiving treatment with insulin, 
oral agents, or had fasting serum glucose levels ≥126 mg/dl. 
Coronary heart disease was defined as present if a partici-
pant had undergone coronary arteriography before and had 
a narrowing of artery or obstruction, or had a past history 
of myocardial infarction. Body mass index (BMI) was cal-
culated as body weight (kg)/(height (m)).2 Current smoking 
status was obtained by self-report.

Echocardiography

In the GENOA study, standardized echocardiography 
methods, along with training and certification, were used by 
field-center technicians to achieve high-quality recordings. 
Readings were performed at the New York Presbyterian 
Hospital–Weill Cornell Medical Center and verified by a 
single highly experienced investigator. Correct orientation 
of planes for imaging and Doppler recordings was verified 
using standardized protocols. Measurements were made 
using a computerized review station equipped with digitiz-
ing tablet and monitor screen overlay for calibration and 
performance of each measurement. LV internal dimension 
and interventricular septal and posterior wall thicknesses 
were measured at end diastole and end systole in 3 cardiac 
cycles according to the recommendations of the American 
Society of Echocardiography.25 Calculations of LV mass 
were made using the following equation as recommended 
by American Society of Echocardiography25: LV mass index  
(g/m2.7) = (0.8 * {1.04 * [(LVDd + IVSd + PWd)3 − (LVDd) 3]} 
+ 0.6)/height2.7. Where LVDd is LV diastolic dimension, 
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IVSd is interventricular septum thickness at end diastole, 
PWd is posterior wall thickness at end diastole. Relative wall 
thickness (RWT) was calculated as 2 * (PWd)/LVDd. LV EF 
was calculated by Teichholz method.

Statistical analysis

Results are expressed as median (25th − 75th percentile) 
and categorical variables as number (percentage) unless oth-
erwise specified. The mean value and median value of PA 
index were both 10. To examine the dose dependent asso-
ciations between PA index with several outcomes, partici-
pants were divided into following categories; PA index 0–5: 
C0, 6–10: C1, 11–15: C2, and 16~: C3. A nonparametric test 
for trend for continuous variables and the chi-squared test 
for categorical variables were used for comparison of vari-
ables between the PA index category groups. Generalized 
estimating equations (GEEs) with identity link were used 
to estimate the association of PA index category and cardiac 
structure and function while accounting for potential corre-
lation among siblings in the study participants. Two models 
were included in the analyses: model 1, adjusted for age and 
sex, and model 2, adjusted for age, sex, education levels, BMI, 
systolic blood pressure, antihypertensive medication use, 
past history of diabetes and coronary heart disease, eGFR, 
and current smoking status. The relationship between PA 
index and LV mass index, RWT, NT pro-BNP levels, and MR 
pro-ANP levels were constructed using model 2 adjustments 

and GEE analysis,26 where we used the PA index as a contin-
uous variable. Additionally, the marginal effects of PA index 
on LV mass index were examined, and interactions between 
total PA index and several categories including age (≥75, ≥50 
to <75, <50), sex, BMI (>30, ≥25 to <30, <25), past history 
of hypertension, diabetes and coronary artery disease, cur-
rent smoking status, and eGFR (≥60, <60) were assessed by 
creating a cross-product term, and including it along with 
the main effects and covariates in the model 2. A 2-sided sig-
nificance level of 0.05 was used for each statistical test. All 
statistical analyses were performed with STATA version 14 
(STATA, College Station, TX).

RESULTS

Baseline characteristics

Table  1 shows clinical and demographic characteristics 
of the study cohort classified into the PA index category. As 
expected, those with a higher PA index are younger, have a 
lower prevalence of hypertension and diabetes, have lower 
systolic blood pressure, higher diastolic blood pressure, and 
higher eGFR compared with those with lower PA index.

Effects of PA index on LV structure and function

Table  2 shows the association between PA index cat-
egory and LV structure and function, NT pro-BNP, and 

Table 1. Baseline characteristics

Variables All participants (n = 1,300)

Physical activity index category

P for trend0~5 (n = 99) 6~10 (n = 661) 11~15 (n = 482) 16~ (n = 58)

Age, years 63 (57, 69) 72 (66, 77) 63 (57, 69) 61 (55, 67) 63.5 (58, 67) <0.001

Female, n (%) 943 (73) 63 (64) 532 (80) 317 (66) 31 (53) <0.001

Education, years 12 (10, 15) 9 (7, 12) 12 (10, 14) 13 (12, 16) 14 (12, 16) <0.001

BMI, kg/m2 30.6 (27.0, 35.1) 31.8 (27.0, 36.2) 31.3 (27.3, 36.0) 29.4 (26.5, 34.0) 29.9 (27.5, 33.0) <0.001

Hypertension, n (%) 1,015 (78) 86 (87) 531 (80) 360 (74) 42 (72) <0.01

CHD, n (%) 62 (5) 11 (11) 36 (5.4) 14 (2.9) 1 (1.7) <0.01

Diabetes, n (%) 365 (28) 45 (44) 201 (30) 102 (21) 14 (24) <0.001

Fasting insulin, µU/ml 6.7 (3.9, 11.6) 8.1 (4.7, 14.6) 6.7 (3.9, 11.6) 6.6 (3.7, 11.1) 5.6 (3.9, 11.6) 0.03

Fasting glucose, mg/dl 109 (99, 128) 118 (103, 139) 110 (100, 129) 109 (98, 123) 108 (102, 121) 0.01

HOMA-IR 1.9 (1.1, 3.6) 2.5 (1.2, 4.7) 1.9 (1.1, 3.7) 1.8 (1.0, 3.3) 1.5 (1.0, 3.3) <0.01

Hs-CRP, mg/l 3.4 (1.7, 7.1) 4.5 (2.0, 10.2) 3.8 (1.9, 7.9) 2.9 (1.3, 6.0) 2.7 (1.5, 6.0) <0.001

LDL cholesterol, mg/dl 120 (96, 147) 135 (97, 156) 117 (96, 146) 121 (97, 146) 137 (110, 162) 0.51

Current smoker, n (%) 172 (13) 15 (15) 85 (13) 67 (14) 5 (9) 0.65

Systolic BP, mm Hg 136 (124, 151) 140 (127, 157) 137 (124, 152) 134 (123, 146) 137 (125, 149) <0.01

Diastolic BP, mm Hg 79 (72, 85) 77 (72, 82) 79 (73, 85) 79 (73, 86) 81 (72, 86) 0.03

Estimated GFR, ml/min 92 (84, 99) 83 (62, 91) 92 (84, 98) 94 (87, 101) 93 (85, 100) <0.001

PA index 10 (8, 12) 4 (2, 4) 9 (8, 9) 12 (11, 13) 18 (17, 20) <0.001

Total PA, hours 9 (8, 10) 4 (2, 4) 9 (8, 9) 10 (10, 11) 13 (12, 13) <0.001

Abbreviations: BMI, body mass index; BP, blood pressure; CHD, coronary heart disease; DWS, diastolic wall strain; GFR, glomerular filtration 
rate; HOMA-IR, homeostasis model assessment-insulin resistance; Hs-CRP, high-sensitivity c-reactive protein; LDL, low-density lipoprotein; 
PA, physical activity.
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MR pro-ANP levels analyzed using GEE model. PA index 
was inversely associated with LV mass index, RWT, NT 
pro-BNP, and MR pro-ANP levels after adjustment for 
potential confounders. However, LV EF was not associated 
with PA index category after adjustment. Figure  1 shows 

the adjusted plot (GEE model 2, regression line and 95% 
confidence interval) between PA index and LV mass index, 
RWT, NT pro-BNP, and MR pro-ANP concentration levels. 
Those with higher PA index had a smaller LV mass index, 
lower RWT, lower NT pro-BNP, and MR pro-ANP levels.

Figure 1. PA index and LV structure and function. Marginal effect of PA index on LV mass index, RWT, NT pro-BNP concentration levels, and MR pro-ANP 
concentration levels with a pointwise 95% confidence interval, from a linear regression model 2. Abbreviations: LV, left ventricular; MR pro-ANP, mid-
regional prohormone atrial natriuretic peptide; NT pro-BNP, N-terminal prohormone brain natriuretic peptide; RWT, relative wall thickness.

Table 2. Physical activity index was inversely associated with LVMI, RWT, and NT pro-BNP

Variables Model

Physical activity index category

0~5 (n = 103) 6~10 (n = 667) 11~15 (n = 486) 16~ (n = 58)

LVMI, g/m2.7 1 Ref (0) −4.49 (−6.87, −2.11)‡ −5.26 (−7.59, −2.94)‡ −6.39 (−9.15, −3.64)‡

2 Ref (0) −3.48 (−5.59, −1.37)‡ −2.97 (−5.07, −0.87)† −3.84 (−6.38, −1.31)‡

RWT (for 0.01 unit increase) 1 Ref (0) −2.12 (−3.22, −1.01)‡ −2.37 (−3.49, −1.25)‡ −2.48 (−3.98, −0.98)†

2 Ref (0) −1.91 (−3.03, −0.78)‡ −2.03 (−3.18, −0.88)‡ −2.09 (−3.59, −0.59)†

LVEF, % 1 Ref (0) −0.60 (−1.77, 0.57) 0.03 (−1.18, 1.23) −0.57 (−2.32, 1.17)

2 Ref (0) −0.80 (−1.99, 0.38) −0.46 (−1.68, 0.76) −1.04 (−2.79, 0.71)

NT pro-BNP, pg/ml 1 Ref (0) −22.9 (−55.0, 9.1) −37.4 (−68.6, −6.3)* −54.6 (−87.3, −22.0)†

2 Ref (0) −15.0 (−42.5, 12.6) −23.8 (−50.3, 2.75) −38.9 (−67.4, −10.5)†

MR pro-ANP, pg/ml 1 Ref (0) −14.2 (−27.6, −0.77)* −19.3 (−32.6, −5.9)* −29.9 (−44.3, −15.5)‡

2 Ref (0) −11.6 (−24.7, 1.5) −14.5 (−27.4, −1.5)* −22.4 (−36.6, −8.1)‡

*Represents 1 unit change in physical activity index and the unit change in the corresponding outcome unless otherwise specified. All models 
account for correlation among family members; model 1: adjusted for age and sex; model 2: adjusted for age, sex, education, body mass index, 
systolic blood pressure, antihypertension medication use, diabetes, coronary heart disease, estimated glomerular filtration rate, and current 
smoking status. Abbreviations: LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index; RWT, relative wall thickness; MR pro-
ANP, mid-regional prohormone atrial natriuretic peptide; NT pro-BNP, N-terminal prohormone brain natriuretic peptide. *P < 0.05, †P < 0.01, 
‡P < 0.001.
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BMI and history of hypertension moderate the relationship 
between TPA hours and LV mass index

The effects of obesity and hypertension on the relation-
ships between PA index and LV mass index are shown in 
Figure  2. There is a strong effect of BMI (obese vs. over 
weight vs. nonobese) at all PA index levels. The coefficient 
for the interaction between PA index and BMI ≥30 is −0.57 
(95% confidence interval: −1.00 to −0.13, P = 0.01). There is 
also a strong effect of having a history of hypertension at all 
PA index levels. The coefficient for the interaction between 
PA index and history of hypertension is −0.41 (95% confi-
dence interval: −0.65 to −0.16, P < 0.01). There were not any 
interactions between PA index and other categories on LV 
mass index.

DISCUSSION

The main findings of this study were that higher PA 
index is associated with decreased LV mass index, lower 
RWT, lower NT pro-BNP levels, and lower MR pro-ANP 
levels after adjustment for confounding factors in African 
Americans. These findings are all consistent with beneficial 
effects of PA on cardiac structure and function. The effects of 

PA on LV mass index were not different between age catego-
ries, sexes, presence or absence of diabetes, eGFR categories, 
or smoking status. However, PA index was significantly neg-
atively associated with LV mass index in obese and hyper-
tensive participants but not nonobese or nonhypertensive 
African American participants.

Several previous studies have investigated the relation-
ship between PA and LV mass, including prospective stud-
ies in patients with hypertension and have shown favorable 
effects of PA on LV structure and function.13,14,27–30 In the 
current study, higher PA index was associated with smaller 
LV mass index and lower RWT, in line with these previ-
ous reports. Furthermore, our study indicated that the 
relationship between PA and LV mass index may be more 
significant in those with hypertension and obesity. To our 
knowledge, there are not any other studies which have 
investigated specific factors which influence the relation-
ship between PA and LV mass. In this study, age, sex, pres-
ence of diabetes, chronic kidney disease assessed by eGFR, 
and current smoking status did not have an interaction 
with PA on LV mass index. However, there were statisti-
cally significant interactions between PA index and obe-
sity or having a past history of hypertension on LV mass 
index, suggesting that PA may be effective at preventing an 
increase in LV mass especially in patients with hyperten-
sion or obesity.

Habitual aerobic exercise has been shown to lower blood 
pressure.31–33 In this study, those with higher PA index had 
lower systolic pressure and higher diastolic pressure. This 
may be attributed to reductions in circulating noradrena-
line and its receptors, reduced angiotensin II, and increased 
nitric oxide bioavailability.34 In the current study, PA index 
was associated with LV mass index independent of systolic 
blood pressure and antihypertensive medication use. Thus, 
our findings suggest the negative association of PA with LV 
mass index might be at least partially independent of the 
effects of lowering blood pressure.

In this study, PA index was not associated with LV sys-
tolic function (LV EF) after adjustment. Although some ani-
mal studies have reported that PA may be associated with 
improved LV contractility, some clinical studies suggest 
no association between PA and LV systolic function.35,36 
Other measures such as myocardial strain or assessment 
of systolic function with cardiac magnetic resonance imag-
ing, may be more sensitive in assessing systolic function; 
therefore, these techniques may be useful to evaluate the 
relationship between PA and LV systolic function in future 
studies.

As others have noted, we observed that those who were 
spending many hours for PA spent shorter times for seden-
tary activity (data not shown), and those who were spend-
ing many hours for sedentary activity spent shorter time for 
PA. Sedentary activity has been associated with increased LV 
mass, therefore, there is a possibility that the increase in LV 
mass in those with less PA in this study was attributed to the 
increased sedentary activity.37 Further investigation is war-
ranted to clarify the effects of sedentariness vs. PA on LV mass.

Some previous reports suggest that although there could 
be differences in myocardial remodeling (eccentric vs. con-
centric remodeling), both isotonic and isometric exercise 

Figure 2. Marginal plots of the effect of PA index on LV mass index at 
each subgroup. The model 2 was used here. Abbreviations: BMI, body 
mass index; CHD, coronary heart disease; DM, diabetes mellitus; eGFR, 
estimated glomerular filtration rate; HTN, hypertension; LVMI, left ven-
tricular mass index.
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may lead to increased LV mass index.38 Although these pre-
vious reports were predominantly performed in young ath-
letes and the type of PA may be different, it may be of value 
to examine in which population and what kind of PA ben-
efits LV structure and function.

This study has a few limitations. Our study is a cross-
sectional analysis of the baseline data from a cohort study. 
Therefore, we cannot determine cause-and-effect relation-
ships to determine if PA has beneficial effects on LV struc-
ture. Second, PA was assessed via self-report, which is prone 
to measurement error, including biases associated with recall 
and social desirability. Third, this study was conducted among 
African Americans, so the results might not be generalizable to 
other ethnic groups. However, African Americans have high 
rates of obesity and hypertension and are at increased risk of 
heart failure compared to other ethnic groups. Therefore, our 
findings provide further rationale for implementing increased 
PA to prevent important risk factors for heart failure and mor-
tality, particularly in African Americans who are dispropor-
tionately affected and understudied.

In conclusions, in a community-based cohort of African 
Americans, higher PA index was independently associated 
with smaller LV mass index, lower RWT, lower NT pro-
BNP levels, and lower MR pro-ANP levels—all markers 
of improved cardiac structure and function. Furthermore, 
higher PA index was associated with decreased LV mass 
index in those with obesity and hypertension. Therefore, 
further prospective studies to determine if increased PA 
prevents LV hypertrophy in obese and hypertensive African 
Americans are warranted.

SUPPLEMENTARY MATERIAL

Supplementary data are available at American Journal of 
Hypertension online.
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