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Abstract

Our previous experimental animal data suggest a beneficial effect of leptin on LV structure and 

function. We hypothesized that leptin levels are associated with lower LV mass and myocardial 

stiffness which are important risk factors for the development of heart failure with preserved 

ejection fraction (HFpEF). We evaluated 1172 blacks, in which the prevalence of HFpEF is quite 

high, with preserved LV ejection fraction (EF>50%) from the Genetic Epidemiology Network of 

Arteriopathy Study (mean age 62.9 years, 72% women), a community-based study to identify 

genes influencing blood pressure and target organ damage due to hypertension. Associations 

between leptin levels and indices of LV structure and function were evaluated using generalized 

estimating equations accounting for clustering in siblings. LV myocardial stiffness was evaluated 

using diastolic wall strain (DWS) measured by echocardiography. Analyses were stratified by sex 

because leptin levels were three times higher in women than men (p <0.001). After adjustment for 

confounders, higher leptin levels were associated with lower LV mass (coefficient for 1 s.d. 

increase of leptin level: −5.825 g, 95% CI: −9.755 to −1.895 g, P = 0.004) and higher DWS (lower 

LV stiffness) (coefficient for 1 s.d. increase of leptin level: 0.009, 95% CI: 0.002–0.015, P = 

0.007) in women. There were no statistically significant associations in men. In women, there 

were interactions between leptin levels and body mass index quartiles on LV mass and stiffness (p 
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< 0.05 for both). Higher leptin levels were associated with lower LV mass and stiffness in obese 

but not lean black women.

Introduction

Leptin, a hormone produced by adipocytes [1], increases in accordance with body mass 

index (BMI) [2]. Leptin acts through the brain to decrease appetite, increase energy 

expenditure, and it may also increase blood pressure through activation of the sympathetic 

nervous system [3, 4]. Because of its function to activate the sympathetic nervous system, it 

has been hypothesized that leptin may contribute to cardiac hypertrophy and heart failure [5–

7]. Several recent reports have shown a relationship between leptin and cardiovascular 

diseases. For example, plasma leptin levels were increased in patients with hypertension [8], 

coronary artery disease [9], and heart failure [5]. Studies have also demonstrated a positive 

correlation between plasma leptin levels and left ventricular (LV) mass or LV wall thickness 

in obese patients [6, 7]. On the other hand, other studies have found a negative correlation 

between plasma leptin levels and LV mass or LV wall thickness after adjustment for several 

confounding factors [10, 11].

At the cellular level, leptin administration increased the growth of cultured cardiomyocytes, 

supporting its pro-hypertrophic effect [12, 13]. However, we have shown that overexpression 

of cardiac leptin receptors in obese mice (db/db) with whole body leptin receptor mutation 

and high circulating leptin levels improved LV diastolic function and did not cause LV 

hypertrophy [14]. Previous studies have shown causal relationships of obesity with LV 

hypertrophy and heart failure, and a recent study demonstrated that substantial weight 

reduction reduces the risk of incident heart failure [15]. Leptin has some possible beneficial 

cardiac effects such as weight loss, improved myocardial metabolism, and possibly direct 

beneficial myocardial effects that may protect against heart failure; however, other effects 

such as activation of the sympathetic nervous system and elevated blood pressure may be 

detrimental. It appears that resistance to some of the beneficial effects of leptin (i.e., appetite 

suppression) occurs in obesity. It remains unclear if similar resistance to cardioprotective 

effects of leptin occurs in obesity individuals.

LV hypertrophy and myocardial stiffening play important roles in the development of heart 

failure with preserved ejection fraction (HFpEF) for which good therapeutic strategies have 

not been established yet. It has been reported that the prevalence of HFpEF among blacks is 

quite high [16] and it may be attributed to its higher prevalence of obesity and hypertension 

[17–19]. Thus, we were motivated to investigate the beneficial effect of leptin on LV 

hypertrophy and stiffening among African Americans. We hypothesized that high leptin 

levels are significantly associated with reduced LV mass and LV myocardial stiffness among 

obese blacks. The objective of this study was to investigate the relationships between plasma 

leptin levels and cardiac structure and function among blacks in a large cohort study, Genetic 

Epidemiology Network of Arteriopathy (GENOA).
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Materials and methods

The study population for this investigation consisted of participants from the Jackson, 

Mississippi cohort of the GENOA study. This study was approved by the Institutional 

Review Board of the University of Mississippi Medical Center, Jackson, Mississippi, and 

participants provided written informed consent. The design and procedures for the GENOA 

study have been reported in detail previously [20]. Briefly, two GENOA cohorts were 

originally ascertained (1995–2000) through sibships in which at least two siblings had 

essential hypertension diagnosed prior to age 60 years. All siblings in the sibship were 

invited to participate, both normotensive and hypertensive including blacks from Jackson, 

Mississippi (N = 1854 at the first exam) and whites from Rochester, Minnesota (N = 1583 at 

the first exam). We used the black cohort for this study (“Jackson cohort”) due to the 

availability of echo-cardiographic data (no echocardiograms were performed in the white 

cohort). Figure 1 shows the exclusion process. Of the Jackson Cohort who returned the 

second exam (n = 1518), we excluded the following participants from this study: 194 

participants who had no measurement of leptin concentration, 78 participants with a LV EF 

<50%, 38 participants whose LV EF had not been measured, 34 participants who had a LV 

wall motion abnormality, and 2 participants whose wall motion abnormality had not been 

evaluated. The remaining 1172 participants were included in our study.

Blood was collected by venipuncture after an overnight fast and processed using 

standardized protocols at second exam. Blood was centrifuged for 10 min at 4 °C, aliquoted 

in 0.5–1 ml volumes of plasma and serum, and stored at −80 °C within 2 h. of venipuncture. 

Plasma leptin con-centration levels were measured as previously described [21]. Briefly, 

aliquots of samples frozen to − 80 °C were shipped to Rochester, MN overnight on dry ice. 

Samples were visually inspected for evidence of thawing and then stored at − 80 °C. For 

protein measurements, samples were thawed on ice and aliquoted into bar-coded Eppendorf 

tubes. Leptin levels were measured in duplicate by radio-immunoassay (Linco Research, 

Inc., St. Louis, MO). Intra-assay coefficients of variation were 6.1% at 3.8ng/ml and 7.7% at 

39.7 ng/ml, and inter-assay coefficients of variation were 11% at 3.0 ng/ml and 13% at 20.4 

ng/ml [21]. Serum creatinine concentrations were measured by standard enzymatic methods, 

and estimated glomerular filtration rate (eGFR) was calculated from the serum creatinine 

con-centration [22, 23].

Essential hypertension, diagnosed prior to age 60 years of age, was defined as: (1) average 

of the last two out of three systolic BP readings ≥140mmHg, or (2) an average of the last 

two out of three diastolic BP readings ≥90 mmHg, or (3) a previous diagnosis of 

hypertension and antihypertensive medication prescribed by a physician to be taken daily 

during the last month. Diabetes was defined as present if a participant was receiving 

treatment with insulin, oral antidiabetic agents, or had fasting serum glucose levels ≥126 

mg/dL. Dyslipidemia was defined as present if a participant was receiving treatment with 

lipid lowering agents, had fasting serum low-density lipoprotein concentration ≥160 mg/dL, 

fasting serum high-density lipoprotein concentration <40, or fasting serum triglycerides 

≥160 mg/dL. Coronary artery disease was defined as present if a participant had undergone 

coronary arteriography before and had a narrowing of artery or obstruction, or had a past 

history of myocardial infarction.

Kamimura et al. Page 3

Hypertens Res. Author manuscript; available in PMC 2018 September 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



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 a single highly experienced investigator verified them. Measurements were made 

using a computerized review station equipped with digitizing 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 on two-dimensional (2D) image in three cardiac cycles according to the 

recommendations of the American Society of Echocardiography [24]. Calculations of LV 

mass were made using the following equation as recommended by American Society of 

Echocardiography [24] LV mass index (g/m2.7) = (0.8*{1.04*[(LVDd + IVSd + PWd)3 – 

(LVDd)3]} + 0.6)/Height2.7. Where LVDd is left ventricular diastolic dimension, IVSd is 

interventricular septum thickness at end-diastole, and PWd is posterior wall thick-ness at 

end-diastole. Relative wall thickness (RWT) was calculated as 2*(PWd)/LVDd. LVEF was 

calculated from LV diastolic and systolic diameter using the Teichholz method. LV 

fractional shortening (FS) was calculated as the percent change in the LV internal diameter 

between diastole and systole. LV mid-wall fractional shortening (MFS) is a measure of LV 

systolic function which is more reliable in case of LV concentric hypertrophy geometry [25]. 

LV MFS was calculated as previously described in the guidelines of the American Society of 

Echocardiography [24]. Peak early mitral E wave velocity, late mitral A wave velocity, the 

ratio of E wave velocity over A wave velocity (E/A), and deceleration time of E wave 

velocity were measured from the trans-mitral pulsed Doppler wave profile. We also used E 

wave velocity/deceleration time of E wave (EDT) as a diastolic function indicator [26]. 

Diastolic wall strain (DWS) is a recently developed indicator which can evaluate LV 

myocardial stiffness, and was calculated as (PWs – PWd) / PWs [27, 28]. Where PWs is 

posterior wall thick-ness at end-systole and PWd is posterior wall thickness at end-diastole. 

Left atrial dimension was measured on 2D image. We used echocardiography to evaluate LV 

mass. Cardiac MRI provides more accurate measurements of LV mass than 

echocardiography, however, cardiac MRI was not performed as part of this study. However, 

LV mass measurements by echocardiography by the formula we used is closely related to 

actual LV weight at necropsy (r = 0.90, p < 0.001) in 52 adults and showed excellent 

reproducibility in a series of 183 hypertensive patients [29, 30]. To our knowledge, there are 

not any other non-invasive methods to evaluate LV myocardial stiffness rather than DWS. 

Thus, we chose echocardiography to evaluate LV mass and myocardial stiffness in this 

study. Furthermore, echo-cardiography is readily available at most institutions and may 

increase the generalizability of results to a broader population.

Data are presented as mean with standard deviations for normally distributed continuous 

variables, median with interquartile ranges for non-normally distributed continuous variables 

and frequencies and proportions for categorical variables. Student’s t-test, Mann-Whitney U 
test, and Chi-squared testing were used for comparison of variables between two groups if 

applicable. Because of the well-known differences in leptin levels of men and women, all the 

following analyses were stratified by sex [11, 31]. We additionally examined the interaction 

of sex on the relationship between leptin levels and LV mass or myocardial stiffness without 

stratification by sex. Generalized estimating equations (GEEs) with identity link were used 
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to estimate the association of leptin and cardiac structure and function while accounting for 

potential correlation among siblings in the study participants. Two models were included in 

the analyses: Model 1, adjusted for age and BMI; Model 2, adjusted for age, BMI as a 

continuous variable, systolic blood pressure, anti-hypertensive medication use, past history 

of diabetes, coronary artery disease, eGFR, and current smoking status. Additionally, the 

marginal effects of leptin on LV mass and DWS were plotted as previously described [32]. 

In this analysis, model 2 GEE was performed with adjustment of the sex-specific BMI 

quartiles instead of BMI, to visualize the relationship between log leptin concentration and 

LV mass or DWS in each BMI quartiles, and also to examine the interactions between log 

leptin concentration and the BMI quartiles. P <0.05 was considered statistically significant, 

and in the analyses stratified by sexes, P < 0.025 was considered significant using 

Bonferroni correction. All statistical analyses were performed with STATA version 14 

(STATA Corp, College Station, TX).

Results

Baseline characteristics of men and women included in our study are shown in Table 1. The 

participants were predominantly female (72%) and characterized by a high prevalence of 

hypertension (79%). Women had higher BMI, systolic blood pressure, heart rate, prevalence 

of hypertension, and LV EF (all p value <0.05). Men had higher diastolic blood pressure, 

eGFR, rates of smoking, prevalence of dyslipidemia, prevalence of coronary artery disease, 

LV mass index, and left atrial size (all p value <0.05). LV structure and systolic functional 

measures were within normal range for both women and men. However, LV relaxation 

evaluated by E/A ratio was slightly impaired in both. Plasma leptin levels were almost three 

times higher in women than men (30.9 (21.7 – 42.6) vs 8.8 (5.2 – 13) ng/ml, p <0.001).

The associations between leptin levels and LV structure and function are shown in Table 2. 

Leptin levels were inversely associated with LVPWd (coefficient [95% CI]: −0.252, [−0.376 

to −0.129], p <0.001), RWT (−0.009, [−0.015 to −0.004], p = 0.001), LV mass (−5.825, 

[−9.755 to −1.895], p = 0.004), Left atrial dimension (−0.664, [−1.223 to −0.106], p = 

0.020) and positively associated with DWS (0.009, [0.002 – 0.015], p = 0.007) (#all 

coefficients represents 1 s.d. increase in Log leptin and the unit change in the corresponding 

outcome) in women after adjustment for confounders (Model 2). Thus, in women, higher 

leptin levels were associated with less LV concentric hypertrophy and stiffening. In men, 

leptin levels tended to be negatively associated with LV mass and positively associated with 

DWS. However, these associations were not statistically significant after adjustment for 

confounders. There was a significant interaction of sex on the relationship between leptin 

levels and LV mass (p = 0.029), but not on the relationship between leptin levels and 

myocardial stiffness (p = 0.974). Leptin levels tended to be negatively associated with LVEF 

and LVFS, though they were not associated with LVMFS in women. Leptin levels were not 

associated with any LV systolic function indicators in men. Leptin levels were not associated 

with LV relaxation abnormalities evaluated by E/A ratio after adjustment for confounding 

factors in women and men.

Figure 2 shows the relationships between leptin levels and LV mass (log leptin alone: A 

[Men], C [Women]; log leptin by sex-specific BMI quartiles: B [Men], D [Women]). The 
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ranges of sex-specific BMI quartiles are 18.1–25.8 k/m2, 25.8–28.7 k/m2, 28.7–31.8 k/m2, 

31.8–49.7 k/m2 in men and 16.4–27.4 k/m2, 27.4–31.4 k/m2, 31.4–36.3 k/m2, 36.3–58.6 

k/m2 in women. Panels b and d show the effects of BMI (quartiles) on the relationship 

between leptin levels and LV mass. For obese participants, the coefficients for interactions 

between leptin levels and the 3rd and 4th BMI quartiles in women are −18.6 (95% CI: −35.8 

to −1.5, p = 0.033), and −12.0 (95% CI: −25.8 to 1.9, p = 0.090), respectively. Thus, in 

women, leptin levels were negatively associated with LV mass only in obese participants. In 

men, there were no significant interactions between leptin levels and sex-specific BMI 

quartiles on LV mass.

Figure 3 shows the relationships between leptin levels and DWS (log leptin alone: A [Men], 

C [Women]); log leptin by sex-specific BMI quartile: B [Men], D [Women]). Panels b and d 

show the effects of the BMI (quartiles) on the relationship between leptin levels and DWS. 

For those obese participants, the coefficients for the interactions between leptin levels and 

the 3rd and 4th BMI quartiles in women are 0.023 (95% CI: −0.001 to 0.047, p = 0.065) and 

0.025 (95% CI: 0.002–0.047, p = 0.033). Thus, in women, leptin levels were positively 

associated with DWS only in obese participants. In men, there were no significant 

interactions between leptin levels and sex-specific BMI quartiles on DWS.

Discussion

The main findings of this study were that higher plasma leptin levels were associated with 

lower LV mass and less LV myocardial stiffness after adjustment for confounding factors in 

obese black women. In men, higher leptin levels also tended to be associated with lower LV 

mass and less LV myocardial stiffness, but these relationships were not statistically 

significant. Leptin was associated with reduced LV hypertrophy and stiffening in obese 

women suggesting a potential protective role against precursors to heart failure.

Several epidemiologic studies have reported positive associations between leptin levels and 

LV mass [6, 7]. However, in these studies, leptin levels and BMI were also highly correlated. 

Obesity is closely associated with cardiac hypertrophy and is possibly mediated by increased 

blood pressure, activation of the renin–angiotensin–aldosterone or sympathetic nervous 

systems, insulin resistance and hyperglycemia, increased blood volume or arterioscrelosis 

[33–35]. Thus, the results from the previous studies may be confounded by several factors 

associated with obesity. After we adjusted for BMI in addition to several possible 

confounding factors, plasma leptin levels were inversely associated with LV mass in women. 

Furthermore, the association of leptin with LV mass and LV myocardial stiffness was 

significant only in higher BMI (obese) participants but not in lower BMI (non-obese) 

participants. Thus, the results of our study suggest that leptin is negatively associated with 

LV hypertrophy and myocardial stiffening in obese women.

In ob/ob mice, which develop LV hypertrophy and lack leptin, leptin infusion completely 

reversed the increases in LV wall thickness compared to calorie-restricted mice had no 

reduction in wall thickness [36]. In another study, db/db mice lacking functional leptin 

receptors, cardiac-specific rescue of the leptin receptor led to lower LV wall thicknesses 

[14]. This is in comparison with db/db mice without functional leptin signaling even though 
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both groups were equally obese, hyperglycemic, and had high plasma trigly-cerides [14]. 

This experiment directly demonstrates that leptin is not pro-hypertrophic. Our current study 

further supports the results from studies in experimental animals and suggests a protective 

effect of leptin against cardiac hypertrophy.

In the present study, higher leptin levels were associated with higher DWS reflecting lower 

LV diastolic myocardial stiffness. There are very few noninvasive indices of myocardial 

stiffness; however, we and others have utilized DWS in both animal and human studies. 

Higher leptin levels were also associated with smaller left atrial dimension and this finding 

may support the association between higher leptin levels and lower LV diastolic myocardial 

stiffness. More diastolic LV stiffness would lead to impaired LV filling, increased left atrial 

pressure and subsequent left atrial dilation. A previous report indicates that cardiac-specific 

rescue of the leptin receptor in db/db mice improved LV diastolic function, and prevented 

cardiac triglyceride accumulation [14]. Myocardial steatosis has been associated with LV 

diastolic dysfunction in humans in several previous studies [37, 38]. In these studies, there 

were no direct measurements of LV myocardial stiffness, but some showed a higher E/e’ 

which reflects LV filling pressure in patients with myocardial steatosis compared with the 

control group. Furthermore, LV dimensions and systolic function were comparable between 

groups suggesting that patients with myocardial steatosis have increased LV chamber 

stiffness [38]. Thus, although speculative, it is possible that the inverse relationship between 

leptin levels and LV myocardial stiffening observed in our study might be due to leptin’s 

effect to reduce myocardial steatosis in obesity.

In this study, leptin levels tended to be inversely associated with LV EF and FS in women, 

however, not with LV MFS. In patients with concentric LV hypertrophy, LV systolic function 

tends to be overestimated by LVEF or LVFS [25, 39]. Thus, conditions which attenuate LV 

hypertrophy may contribute to reductions in LV EF or LV FS. In this study, leptin levels 

were not associated with LV MFS, suggesting that leptin is not associated with decreases in 

LV systolic function.

Our study showed an inverse relationship between leptin levels and LV mass index and 

myocardial stiffness among black women. It has been reported that leptin levels were 

inversely associated with LV mass index in the Framingham Heart Study population whose 

participants are white [11]. Thus, the relationship between leptin levels and LV mass index 

may not be limited to blacks. Further investigation is warranted to clarify whether the 

relationship between leptin and LV mass and myocardial stiffness is generalizable to other 

ethnicities. We did not find a significant association between leptin and LV mass index or 

LV myocardial stiffness in men. Other studies have shown that leptin levels differ in men 

and women [11, 31]. It is not clear whether there is a sex difference on the influence of 

leptin on LV structure and function. However, leptin may have less of an impact on LV 

structure and function in men compared to women. Previous reports suggest that women 

exhibit increased cardiac work and lower myocardial efficiency compared to men [40]. Fat 

storage patterns are different between women and men, and fatty acid utilization is higher in 

women than men in conditions such as LV hypertrophy [40, 41]. Thus, women may be more 

susceptible to lipid accumulation and toxicity in the heart. The sex differences found in our 

results may be related to these previous findings. Of note, the number of male participants in 
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this study was about one third of the female participants. Therefore, the study may be 

underpowered to detect a significant difference in men, albeit we included 324 men in our 

analysis.

This study has several strengths. First, to our knowledge, this is the first study to investigate 

the relationship between leptin levels and LV myocardial stiffness in humans. Second, this 

study is using a large, diverse, middle-aged and older population, standardized measures of 

echocardiography, and adequate clinical data for proper assessment. Third, this study 

investigated LV myocardial stiffness in blacks. There are very little published data on 

myocardial stiffness in blacks who are disproportionately affected by HFpEF [16, 42]. 

Finally, we used a direct indicator of LV myocardial stiffness rather than traditional 

echocardio-graphic measures of diastolic filling which have several limitations including 

dependency on volume status [43]. However, these findings should be viewed in the context 

of the following limitations. First, this is a cross-sectional study and therefore, causality 

cannot be determined. While the population was diverse, it consisted of only blacks. In the 

GENOA study, only the black cohort (Jackson, MS) had echocardiography performed. 

Therefore, other large multiethnic studies are warranted to determine the generalizability of 

our findings to other racial/ethnic groups. Our cohort consisted of individuals belonging to 

hypertensive families, and may limit applicability to the general population. Although 

uniform measurement techniques and multiple measures of leptin levels were assessed to 

minimize the variability (and we adjusted for several possible confounding factors in 

regression analyses), there is potential for biological variability between the individual 

participants and it could affect the study results. While the GENOA study has a wide range 

of covariates for which we adjusted for that may affect cardiac structure and function, there 

is the possibility that unmeasured confounding may influence the results. Other potential 

limitations including lack of information related to medications which may have positive 

myocardial effects (ie diabetes medications including metformin) or lack of coronary 

angiography or myocardial perfusion scans to rule out significant coronary artery disease are 

inherent limitations in many epidemiologic studies including ours. Unfortunately, tissue 

Doppler imaging which provides valuable information related to LV diastolic function was 

not performed in the GENOA study. We recognize that E/A changes, while important and 

commonly performed in clinical practice, do not fully evaluate LV diastolic function alone. 

However, we also evaluated an indicator of myocardial stiffness (DWS) rather than indirect 

measures of diastolic filling which have limitations, including dependency on volume status. 

Future large-scale studies with comprehensive analysis of LV diastolic function including 

tissue Doppler are warranted.

Our results suggest that leptin is associated with lower LV mass and LV myocardial 

stiffening in obese black women. Left ventricular hypertrophy is a well-known risk factor for 

heart failure, and LV hypertrophy and LV myocardial stiffness play an important role in the 

development of HFpEF for which a therapeutic strategy has not been well established [44–

46]. Thus, our findings motivate further investigation of the potential cardioprotective role of 

leptin in preventing or treating heart failure.

In a community-based cohort of blacks, higher plasma leptin levels were independently 

associated with lower LV mass and decreased LV myocardial stiffness in obese women. This 
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suggests that leptin may play a cardioprotective role against precursors of heart failure in 

subgroup. Further investigation is warranted to examine whether the findings of this study is 

generalizable to other ethnic populations.
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Fig. 1. 
Exclusion process of the study participants
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Fig. 2. 
Marginal effect of log leptin concentration on LV mass with a pointwise 95% confidence 

interval from a linear regression model in men (a), and women (c), and at each BMI 

quartiles in males (b), and females (d). The model used for a and c included: log leptin 

concentration, age, sex-specific BMI quartiles, systolic blood pressure, anti-hypertensive 

medication, past history of diabetes, coronary artery disease, estimated glomerular filtration 

ratio, and current smoking status. The model used for b and d additionally included 

interaction term between log leptin concentration and sex-specific BMI quartiles
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Fig. 3. 
Marginal effect of log Leptin concentration on DWS with a pointwise 95% confidence 

interval from a linear regression model in men (a), and women (c), and at each BMI 

quartiles in males (b), and females (d). The model used for a and c included: log Leptin 

concentration, age, sex-specific BMI quartiles, systolic blood pressure, anti-hypertensive 

medication, past history of diabetes, coronary artery disease, estimated glomerular filtration 

ratio, and current smoking status. The model used for b and d additionally included 

interaction term between log leptin concentration and sex-specific BMI quartiles
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Table 1

Baseline characteristics

Variables Men
(n = 324)

Women
(n = 848)

p Value

Age, years 63.4 ±8.9 62.8 ±9.4 0.341

BMI, kg/m2 29.1 ± 4.8 32.4 ± 6.8 <0.001

Systolic BP, mmHg 136 ± 20 140 ± 21 0.007

Diastolic BP, mmHg 81 ± 10 78 ± 11 <0.001

Heart rate, bpm 64 ± 12 66 ± 11 0.002

Hypertension, % 74.1% 80.5% 0.015

Diabetes, % 26.9% 28.3% 0.621

Dyslipidemia, % 57.1% 46.6% 0.001

Coronary artery disease, % 7.4% 3.9% 0.012

Current smoker, % 20.4% 11.0% <0.001

Estimated GFR, mL/min 94 ± 14 84 ± 19 0.014

Leptin, ng/ml 8.8 (5.2–13) 30.9 (21.7–42.6) <0.001

Log-Leptin, ng/ml 2.14 ± 0.78 3.37 ± 0.58 <0.001

LVDd, mm 53.4 ± 4.5 50.2 ± 3.9 <0.001

LVPWd, mm 8.5 ± 1.2 8.0 ± 1.2 <0.001

RWT 0.32 ± 0.05 0.32 ± 0.05 0.603

LV mass, g 176 ± 43 148 ± 37 <0.001

LV mass index, g/m2.7 37.4 ± 9.3 39.0 ± 10.1 0.012

LVEF, % 60.7 ± 5.0 62.8 ± 5.0 <0.001

LVFS, % 32.8 ± 3.6 34.2 ± 3.6 <0.001

LVMFS, % 12.8 ± 2.6 12.4 ± 2.5 0.022

E wave velocity, cm/s 46.9 ± 13.7 47.5 ± 14.1 0.493

A wave velocity, cm/s 59.0 ± 13.0 61.1 ± 13.7 0.019

E/A 0.81 ± 0.24 0.80 ± 0.26 0.578

DT, ms 175 ± 41 174 ± 43 0.601

IVRT, ms 96 ± 18 94± 16 0.038

DWS 0.35 ± 0.05 0.36 ± 0.05 0.004

LAD, mm 36.4± 5.0 35.2± 5.0 <0.001

BP blood pressure, DT deceleration time, DWS diastolic wall strain, IVRT isovolumic relaxation time, LA left atrium, LAD left atrium dimension, 
LVDd LV dimension at end-diastole, LVEF LV ejection fraction, LVFS LV fractional shortening, LVMFS LV midwall fractional shortening, 
LVPWd LV posterior wall thickness at end-diastole, RWT relative wall thickness
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