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Background: The data on cardiac remodeling outside the scope of myocardial infarction and heart failure are limited.

Methods: A cohort of middle-aged hypertensive subjects with age- and gender-matched control subjects without hypertension (n = 1,045, aged 51 ± 6 years) were randomly selected for the OPERA study (Oulu Project Elucidating Risk of Atherosclerosis study). The majority of those who were still alive after more than 20 years of follow-up underwent thorough re-examinations.

Results: Left ventricular mass index (LVMI) increased significantly from 106.5 ± 27.1 (mean ± SD) to 114.6 ± 29.1 g/m2 (p < 0.001), the thickness of the left ventricular posterior wall (LVPW) from 10.0 ± 1.8 to 10.6 ± 1.7 mm (p < 0.001), fractional shortening (FS) from 35.0 ± 5.7 to 38.4 ± 7.2 % (p < 0.001), and left atrial diameter (LAD) from 38.8 ± 5.2 to 39.4 ± 6.7 mm (p = 0.028) during the 20-year follow-up. After multivariate adjustments, hypertension treated with antihypertensive medication and male gender predicted a smaller increase in the thickness of LVPW (p = 0.017 to <0.001). Baseline higher fasting plasma insulin level, larger intima media thickness of the carotid artery, greater height and antihypertensive medication (p = 0.046–0.002) predicted a smaller (less favorable) change of FS. The increase of LAD was associated with higher baseline diastolic blood pressure (p = 0.034) and greater height (p = 0.006).

Conclusion: Aging from middle age to senescence increases the echocardiographic indexes of LVMI, LVPW thickness, FS and LAD. Several baseline factors are associated with these changes.
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INTRODUCTION

Cardiac remodeling refers to a series of changes at the molecular and cellular level resulting in a progressive physiological and anatomical transformation, such as left ventricular dilatation, hypertrophy and ultimately, changes in left ventricle geometry from a more elliptical shape toward a spherical globe (Cohn et al., 2000; Katz and Zile, 2006; Gajarsa and Kloner, 2011). The left atrium is also susceptible to structural remodeling, characterized by increase in size and volume (Abhayaratna et al., 2006; Leung et al., 2008). Cardiac remodeling may not show clinical symptoms until after several years of progression. Adverse cardiac remodeling is typically caused by an injury to the myocardium, such as acute myocardial infarction, but it also occurs in response to pressure overload (hypertension, aortic stenosis), in inflammatory heart muscle disease, nonischemic dilated cardiomyopathy and volume overload (valvular regurgitation), and frequently progresses to heart failure (Remes, 1994; Cohn et al., 2000; Muhlfeld et al., 2013). Ventricular remodeling may lead to changes such as cardiomyocyte lengthening, myocyte hypertrophy or loss, accumulation of collagen in the cardiac interstitium, ventricular wall thinning, infarct expansion and scar formation (Cohn et al., 2000). Left atrial pressure and volume overload, present in heart failure and other pathological states, have been associated with left atrial dilatation (Abhayaratna et al., 2006; Leung et al., 2008). Neurohormonal changes, mainly the activation of the renin–angiotensin–aldosterone system, which has been intensively studied, as well as beta-adrenergic regulation are seen to drive the cellular-level changes, which eventually lead to remodeling (Remes, 1994; Cohn et al., 2000; Fukuta and Little, 2007). Most of the current understanding of cardiac remodeling comes from studies on patients suffering from myocardial infarction (Cohn et al., 2000; Muhlfeld et al., 2013). The current data on cardiac remodeling outside the scope of myocardial infarction and heart failure are thus limited. Therefore, we aimed to assess cardiac remodeling/normal adaptation and to identify the baseline factors that are associated with the cardiac remodeling in a prospective study in which subjects aged from 40 to 59 years without history of myocardial infarction or heart failure were followed up for more than 20 years.

METHODS

Study Population and Design

The Oulu Project Elucidating Risk of Atherosclerosis (OPERA) study is a prospective, population-based, epidemiological study designed to address the risk factors and disease end points of atherosclerotic cardiovascular diseases. A total of 1,045 middle-aged subjects (aged 51 ± 6 years (mean ± SD), age range from 40 to 59 years) were initially recruited to the study between the years 1990 and 1993. The study population consisted of 520 men (261 hypertensives and 259 controls) and 525 women (258 hypertensives and 267 controls). Hypertensive subjects were randomly selected from the national register for reimbursement of medication. Age- and gender-matched control subjects were selected randomly from the national health register excluding any subjects with the right to reimbursement for hypertension medication. The subjects with a history of myocardial infarction or significant heart disease were not included in the study. Details of the study population have been described previously (Rantala et al., 1999). The study subjects, n = 1,004 after exclusions, went through thorough clinical examinations at baseline including standardized blood pressure measurements, laboratory tests, an assessment of autonomic cardiac regulation and echocardiographic studies. Validated questionnaires were used to determine alcohol consumption and smoking history. The majority of the 813 subjects who were still alive after more than 20 years of follow-up were willing to participate in re-examinations and the subjects with baseline and follow-up echocardiographic studies (n = 552) were included in the present analysis. This study was carried out in accordance with the recommendations of the guidelines of the Ethical Committee of the Faculty of Medicine, University of Oulu with written informed consent from all subjects. All subjects gave written informed consent in accordance with the Declaration of Helsinki. The protocol was approved by the Ethical Committee of the Faculty of Medicine, University of Oulu.

Blood Pressure Measurements

The blood pressure measurements were performed according to the recommendations of the American Society of Hypertension. An automatic oscillometric blood pressure recorder (Dinamap, Critikon Ltd) was used to measure the blood pressure according to a standardized protocol three times at 1-min intervals. The mean value of the second and third blood pressure measurement was used in the analyses (Rantala et al., 1999).

Echocardiographic Examinations

At baseline, echocardiographic measurements were performed by the same experienced cardiologist, blinded to patients' clinical data, using a Hewlett-Packard 77020A ultrasound color system. Details of the methodology have been described elsewhere (Airaksinen et al., 1986, 1989). The measurements were based on the recommendations of the American Society of Echocardiography (Airaksinen et al., 1989). Left ventricular mass was calculated using the formula of Troy (Troy et al., 1972). Left ventricular mass index (LVMI) was determined by dividing the left ventricular mass by the body surface area. Fractional shortening (FS) was calculated as [left ventricular internal diastolic diameter (LVIDD)—left ventricular internal systolic diameter (LVISD)]/LVIDD and used as a measure of left ventricular systolic function and remodeling (Cohn et al., 2000). The FS values below the range 26–28% for European males, and 26–27% for European females are considered abnormal (Echocardiographic Normal Ranges Meta-Analysis of the Left Heart Collaboration., 2015). At the follow-up, the echocardiographic examinations were performed in a core lab using a GE Healthcare Vivid E 9 VERSION 110. x.x ultrasound system. The measurements were determined according to the recommendations of the American Society of Echocardiography (Lang et al., 2015).

Laboratory Tests

All the laboratory test samples were obtained after an overnight fast. Blood was drawn to EDTA tubes and plasma was separated by centrifugation and stored for analysis. Several routine laboratory analyses were conducted as described earlier (Rantala et al., 1999).

Carotid Artery Ultrasonographies

A single trained radiologist performed the carotid artery ultrasonographies according to the same protocol using a duplex ultrasound system with a 7.5 MHz scanning frequency in B-mode, pulsed-Doppler mode and color mode (Päivänsalo et al., 1996). Intima-media thickness (IMT) was measured at five locations on each side. The mean IMT was determined according to a standardized protocol.

Statistical Analysis

The paired-samples T-test was used to assess the statistical significance of the change from baseline to follow-up visit in LVIDD (ΔLVIDD), interventricular septum (ΔIVS), left ventricular posterior wall (ΔLVPW), in LVMI (ΔLVMI), FS (ΔFS), and left atrial diameter (ΔLAD). The statistical significance of differences in echocardiographic parameters and in their change between the subjects with hypertension and the controls was assessed using the standard t-test. ΔLVIDD, ΔIVS, ΔLVPW, ΔLVMI, ΔFS, and ΔLAD were divided into tertiles. The statistical significance of differences of baseline and follow-up parameters between the tertiles was evaluated using the one-way analysis of variance for continuous variables and the χ2-test for categorical variables. The independent power of the parameters which differed between the tertiles at the p < 0.1 level and had a significant bivariate linear correlation with the delta-values was assessed in the multivariate linear regression analysis model using backward elimination. Data were analyzed using the IBM SPSS Statistics software 22.0 (Armonk, NY: IBM Corp.). A p-value < 0.05 was considered to be statistically significant.

RESULTS

Cardiac Remodeling During the Follow-Up

LVIDD tended to increase in the subjects with hypertension, but did not change significantly in the controls during more than 20 years of follow-up (Table 1). The thickness of IVS and LVPW increased significantly in the controls, as did LVPW in the subjects with hypertension during the follow-up. There was a significant regression of the thickness of IVS in the subjects with hypertension during the follow-up. Left ventricular walls were significantly thicker in the subjects with hypertension when compared with the controls both at baseline and at the follow-up visit. During the follow-up, LVMI increased significantly both in the controls and the subjects with hypertension. The LVMI in the subjects with hypertension was higher than in the controls both at baseline and at the follow-up visit. FS increased significantly in both the controls and the subjects with hypertension during the follow-up. The subjects with hypertension had significantly higher FS at baseline, but not at the follow-up visit when compared with the controls. The increase in LAD was significant in the overall study population, but did not reach statistical significance in the controls or the subjects with hypertension. The subjects with hypertension had a significantly larger left atrium compared with the controls both at baseline and at the follow-up visit (Table 1). FS increased significantly more in controls during the follow-up when compared with the subjects with hypertension (Table 2). There was a significantly larger change in the thickness of ventricular walls in the controls during the follow-up when compared with the subjects with hypertension (Table 2).


Table 1. Cardiac remodeling during more than 20 years of follow-up.
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Table 2. Change of echocardiographic parameters during more than 20 years of follow-up.
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Association of Baseline Factors with Cardiac Remodeling

The baseline factors that differed significantly between the tertiles of ΔFS and ΔLAD are shown in Tables 3, 4, respectively. None of the baseline factors shown in Tables 3, 4 differed significantly between the tertiles of ΔLVMI or had a significant linear association with the increase in LVIDD (data not shown). Baseline higher fasting plasma insulin level, larger IMT of the carotid artery, greater height and antihypertensive medication had a significant association with smaller ΔFS in the multivariate linear regression analysis model (Table 5, Figure 1A). Based on the β values, 46.3% of the change in FS could be explained by these baseline factors. Higher baseline diastolic blood pressure and larger height were still significantly associated with the increase in LAD after multivariate adjustments in the linear regression analysis (Table 5, Figure 1B). These factors explained 21.8% of the change in LAD. Larger ΔIVS and ΔLVPW were significantly associated with female sex, while smaller ΔIVS and ΔLVPW were significantly associated with hypertension with treatment at baseline, and ΔIVS also with waist/hip ratio in the multivariate model (Table 5, Figures 1C,D). The aforementioned baseline factors explained 57.1% of the change in IVS and 26% of the change in LVPW.


Table 3. Association of baseline factors with change in fractional shortening after more than 20 years of follow-up.
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Table 4. Association of baseline factors with change in left atrial diameter after more than 20 years of follow-up.
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Table 5. Association of baseline factors with change in echocardiographic parameters in multivariable model.
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FIGURE 1. The change of fractional shortening (ΔFS), left atrial diameter (ΔLAD), interventricular septum (ΔIVS) and left ventricular posterior wall (ΔLVPW) from the baseline to the follow-up visit are presented in relation to tertiles (or presence/absence) of the baseline factors, which had a significant association with the change in multivariate linear regression analysis model (the p-values are from this model ; A–D, respectively). AHT, antihypertensive medication (+ = present, − = absent); DBP, diastolic blood pressure; HTN, hypertension (+ = present, − = absent); IMT, the intima-media thickness of carotid artery; INS, fasting plasma insulin; trt, tertile and W/H ratio, waist-to-hip ratio.



Association of Follow-Up Factors with Cardiac Remodeling

By the time of the follow-up visit, a proportion of the study subjects had developed cardiac and other diseases. Evidence of myocardial infarction was found in 6.9% of the subjects, 4.9% had undergone a coronary artery bypass grafting procedure, and 6.2% a percutaneous coronary intervention. Of the study subjects, 20.3% had coronary artery disease, 23.4% diabetes, 19.0% mitral regurgitation, 15.4% aortic regurgitation, 1.3% aortic stenosis, and 1.3% evidence of heart failure. Evidence of previous myocardial infarction was the only follow-up factor which had a significant univariate and multivariate association with the increase of LVMI in the multivariate linear regression analysis model (Table 6, Figure 2A). Larger waist-to-hip ratio, presence of mitral regurgitation, previous myocardial infarction and diabetes had a significant association with smaller ΔFS even after adjustments for other risk indicators (Table 6, Figure 2B). Female gender was also significantly associated with larger ΔIVS and ΔLVPW when adjusted for relevant follow-up factors. Larger ΔIVS and ΔLVPW also had a significant multivariate association with body mass index, larger ΔIVS with the evidence of previous myocardial infarction, and smaller ΔIVS with the use of antihypertensive medication and a history of heart failure (Table 6, Figures 2C,D). Of the follow-up parameters, higher pulse pressure and previous myocardial infarction had a significant association with the increase of LVIDD after adjusting for all the relevant risk indicators (Table 6, Figure 2E). When the follow-up factors were tested in the multivariable linear regression analysis model, higher weight, mitral regurgitation, previous myocardial infarction, and a history of coronary artery bypass grafting had a significant association with the increase in LAD (Table 6, Figure 2F).


Table 6. Association of Follow-up factors with change in echocardiographic parameters in multivariable model.
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FIGURE 2. The change of left ventricular mass index (ΔLVMI), fractional shortening (ΔFS), interventricular septum (ΔIVS), left ventricular posterior wall (ΔLVPW), left ventricular internal diastolic diameter (ΔLVIDD), and left atrial diameter (ΔLAD) from the baseline to the follow-up visit are presented in relation to tertiles (or presence/absence) of the follow-up factors, which had a significant association with the change in multivariate linear regression analysis model (the p-values are from this model; A–F, respectively). AHT, antihypertensive medication (+ = present, − = absent); BMI, body mass index; CABG, coronary artery bypass grafting (+ = present, − = absent); DM, diabetes mellitus (+ = present, − = absent); HF, heart failure (+ = present, − = absent); MI, myocardial infarction (+ = present, − = absent); MR, mitral regurgitation (+ = present, − = absent); PP, pulse pressure, trt, tertile and W/H ratio, waist-to-hip ratio.



DISCUSSION

During the aging of the present study subjects, cardiac remodeling/adaptation manifested as an increase in left ventricular mass and increase in the degree of shortening of left ventricular diameter between end-diastole and end-systole both in the subjects with hypertension and the controls. The thickness of ventricular walls increased in controls and the thickness of LVPW also in the subjects with hypertension. The subjects with hypertension had larger left ventricular mass, left atrial size, and thicker ventricular walls in comparison with the controls both at baseline and at the follow-up visit, showing that hypertension modifies cardiac morphology and remodeling. The increase in FS and in the thickness of ventricular walls was larger in the controls compared with the subjects with hypertension. Although we were unable to evaluate the change of the shape of the left ventricle, it is plausible to speculate that the subjects with hypertension had more frequently geometrical changes in the left ventricle than the controls during the follow-up. This may have led to the remodeling and relative thinning of ventricular walls and decrease in FS more commonly in the subjects with hypertension compared with the controls (Cohn et al., 2000). This concept is supported by our observation that the left ventricular size tended to increase in the subjects with hypertension but not in the controls during the follow-up. The thickness of IVS even regressed in the subjects with hypertension, which may also partly be explained by antihypertensive medication. Several components of metabolic syndrome at baseline were associated with changes in FS, higher fasting plasma concentrations of insulin being an independent predictor of less favorable change in FS. Female gender was associated with the thickening of ventricular walls and hypertension with treatment with the regression of the thickness of ventricular walls. The increase in left atrial size was predicted by larger height and higher diastolic blood pressure. Several disease states present at the time of the follow-up visit, such as a previous myocardial infarction, were associated with cardiac remodeling.

Most of the data on cardiac remodeling come from studies in patients with history of myocardial infarction. After myocardial infarction, remodeling occurs in both the infarcted and non-infarcted myocardium, and the degree of remodeling is directly proportional to the infarct size (Pfeffer and Braunwald, 1990; Chareonthaitawee et al., 1995). Adverse cardiac remodeling occurs also in response to other pathologic states, such as hypertension, heart failure, increased afterload caused by stiffening of the arteries or aortic stenosis, and volume overload caused by both mitral and aortic regurgitation (Remes, 1994; Cohn et al., 2000; Muhlfeld et al., 2013). Compatible with these notions, at the time of the follow-up visit evidence of previous myocardial infarction was associated with the increase of left ventricular mass and size, thickening of IVS, less favorable change in FS and increase in left atrial size. Mitral regurgitation causing volume overload was associated with less favorable change in FS and increase in left atrial size, whereas a history of heart failure was associated with a decrease in the thickness of IVS, which may be explained by geometrical changes leading to a more spherical left ventricle in heart failure (Cohn et al., 2000; Gajarsa and Kloner, 2011). Furthermore, larger pulse pressure at the time of the follow-up visit was associated with the increase in left ventricular size during the follow-up.

FS provides a measurement of the contractile function of the left ventricle, and it is also used as a measurement of cardiac remodeling (de Simone et al., 1994; Cohn et al., 2000). In the present study, overall FS remained well above the abnormal range, and even increased during the follow-up. It has been reported that FS calculated from ventricular diameters may overestimate myocardial function when ventricular wall thickness increases (Shimizu et al., 1991; de Simone et al., 1994). This may be the explanation for the increase of FS in the present population during aging. It is logical that the components of metabolic syndrome as risk factors of atherosclerosis contributed to a less favorable change in FS. The importance of atherosclerosis in this process is emphasized by our observation that larger IMT at baseline predicted a less favorable change in FS. During the follow-up, a proportion of the study subjects had developed cardiac and other diseases. At the time of the follow-up visit, evidence of prior myocardial infarction, mitral regurgitation, diabetes mellitus, and larger waist/hip ratio were associated with less favorable change in FS, further supporting the important influence of atherosclerosis and its risk factors on left ventricular function/remodeling during aging. Larger body mass index measured at the follow-up visit was associated with the thickening of ventricular walls, an observation which is also compatible with the concept that the metabolic syndrome is involved in the cardiac remodeling process during aging.

Increase in left atrial size has commonly been noted being a response to atrial pressure and volume overload. Pressure overload occurs in mitral stenosis or in increasing ventricular filling pressures, and volume overload in mitral regurgitation (Abhayaratna et al., 2006; Leung et al., 2008). Therefore, it is logical that higher baseline diastolic blood pressure predicted the increase in left atrial size. At baseline, the study subjects were aged from 40 to 59 years. At this age, the diastolic component of hypertension is relatively more prominent whereas during aging, arterial stiffening leads to increase in systolic and decrease in diastolic blood pressure (O'Rourke, 1971; Emoto et al., 1998). The association of larger baseline height with the increase of left atrial size can partly be explained by the observation that the male study subjects tended to have a larger increase in left atrial size than the females. The aging alone does not independently contribute to left atrial enlargement and it is not seen as part of the normal aging process (Pearlman et al., 1990; Thomas et al., 2003). Age-related left atrial enlargement is rather associated with pathological processes contributing to the enlargement. This concept is compatible with our present findings showing that at the time of the follow-up visit, evidence of previous myocardial infarction, a history of coronary artery bypass grafting, mitral regurgitation, and larger weight were associated with the increase of left atrial size.

Our present study has some limitations. There was a notable drop-out of the study subjects as a proportion of the subjects had died or were not willing to participate in the follow-up examinations. We were unable to assess the influence of the observed morphological remodeling on adverse cardiovascular events and mortality as this data will be gathered during further follow-up after the follow-up visit. In the present analysis, we were also unable to evaluate detailed changes in the remodeling, such as the change in the shape of the left ventricle. It is noteworthy that in the present population resembling a general population, many individual changes of left ventricular mass, size and wall thicknesses, left atrial size and FS occurred in the normal range and presumably represent normal adaptation rather than adverse remodeling.

In conclusion, our analysis yields unique information on the morphological cardiac remodeling and adaptation during aging in a population which was initially aged from 40 to 59 years.
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€GFR, mUmin/1.73 m? 80.4+153 8184163 834158 o021
Atial natriuretic peptide, pg/m! 279+ 161 262 132 266+ 111 013
Fasting plasma insulin, mmoV! 189+96 106£5.7 107+63 <0.001
Fasting plasma glucose, mmol! 4814 4512 4409 0013
HDL-cholesterol, mmoll 1304036 1404089 143 +0.41 0006
LDL-cholesterol, mmoi1 3534095 350 +0.87 3354086 o042
Trighycerides, mmol1 15624079 1434076 1364082 o.14
hs-CRP, mg/! 4097 2948 22441 0045
IMT, mm 083£0.12 082:£0.13 079£0.11 0015
Diabetes 18 (7%) 12 (7%) 7(4%) 035
cAD 16 (9%) 6(3%) 8% 0042
Hypertension 106 (59%) 86 (47%) 75 @1%) 0003
Antihypertensive medication 110 61%) 84(46%) 73 (40%) <0.001
-Beta blockers. 64 (36%) 43 (23%) 37 (20%) 0002
-ACE-inhibitors 33 (18%) 32(17%) 32 (18%) 097
-Diuretics 40 (22%) 19(10%) 19 (10%) 0001
~Calcium channel blockers 24.(13%) 16 (9%) 14.8%) 0.16
-Other antihypertensive medication 5(3%) 10 (5%) 4% 020

The change in fractional shortening (AFS) wes divided into tertes (1st trt < 1.0%, 2nd/ it > 1.0% but < 6.8%, 3rd trt > 6.8%). The Ist tertle denotes the least favorable change. ACE,
angiotensin converting enzyme; GAD, coronary artery disease; eGFR, estimated glomerular fitration rate; FS, fractional shortening; HDL-cholesterol, high-densiy lipoprotein cholesterol;
hs-CRP high sensitivity C-reactive protein; IMT, intima media thickness of carotid artery; LDL-cholesterol, low-density lipoprotein cholesterol: trt, tertie.
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Baseline variables 1st trt of ALAD 2nd trt of ALAD 3rd trt of ALAD p-value

Age, years 507 £56 49.1£55 50358 0025
Gender, female 56% 59% 46% 0041
Height, cm 167285 167.2£89 1704 £90 0002
Weight, kg 769 14.1 7574156 775142 051

Body mass index, ky/m? 274 %41 270£47 266+35 025
Waist, cm 8364125 8774128 884116 080
Waist/Hip ratio 0.85+£0.08 084£0.09 086.+0.09 0.44
Smoking (pack-years) 73+ 124 74£118 724114 098
Alcohol consumption (g/week) 4854666 4924717 575674 042
Systolic blood pressure, mmHg 142.4 £ 184 14442205 146.4£217 019
Diastolic blood pressure, mmHg 8564120 8734118 804112 0014
Pulse pressure, mmHg 568119 57.1£138 5714146 097
€GFR, mUmin/1.73 m? 8094172 8154139 826167 063
Atrial natriuretic peptide, pg/ml 265118 267 % 133 274 £ 162 045
Fasting plasma insulin, mmoV! 14469 17285 11463 077
Fasting plasma glucose, mmoll 4405 44£05 4405 054
HDL-cholesterol, mmoVl 1364038 1.40 £ 0.40 1.41£041 034
LDL-cholesterol, mmot 3434084 3.45:+0.86 3514098 069
Triglycerides, mmol 145 £0.77 184086 1.44£088 031

hs-CRP, mg/! 34£9.1 2346 3263 029
IMT, mm 082012 080:£0.11 084012 013
Diabetes 1(19%) 2(1% 2(1%) 086
cAD 9(6% 7(4%) 13 (8%) 047
Hypertension 84.(47%) 92 (50%) 71 (46%) 079
Antihypertensive medication 82 (46%) 89 (48%) 76 (49%) 084
-Beta blockers. 53 (30%) 48 (26%) 36 (23%) 041

-ACE-inhibitors 27 (15%) 33(18%) 30 (19%) 057
-Diuretics 23(13%) 25 (13%) 22(14%) 092
~Calcium channel blockers 18 (7%) 16 (9%) 18 (12%) 035
-Other antihypertensive medication 4% 6(3%) 7(6%) 050

The change in left atrial dlameter (ALAD) was divided into terties (1t trt < ~2.0mm, 2nd trt > 2.0 mm but <3.0 mm, 3rdi trt > 3.0 mm). The 3rd tertle stands for the least favorable
change. The abbreviations are described in Table 3.
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Parameter Atbaseline Atfollow-up p-value

Alstudy subjects 516 % 4.9 51964 013
-Controls 51.3+48 515 +6.6 0.68
51950 525 6.1

-Alstudy subjects 106 % 2.2 107 23 060
-Controls 101219 104 %27 0039
vae«ension 113 £227 1.0+ 18" 0.049
Alsudysibicts 100 % 18 106 1.7 <0001
-Controls. 9518 103%16 <0001
vae«ensm 106+ 1 109+ 18" 0004
Al study subjects 1065  27.1 1146 %291 <0001
-Controls. 1008 %247 110.1 £ 288 <0001
-Hypertension 1133 + 283" 120.0 + 285 0001
-Al study subjects 350+57 38472 <0.001
-Controls. 34457 38871 <0001
-Hypertension 358+55" 379473 <0001
-Alstudy subjects 388 + 52 30467 0028
-Controls. 37.6£50 38269 041
~Hypertension 403+527 409 £62 0.14

The values are presented as mean & SD. Al study subjects: n
295 hypertonsion (subfocts withFyperersion): n = 257. S, actoralshoroning: VS,
interventricular septum; LAD, left atial diameter; LVIDD, left ventricular internal diastolc
ciameter; LVIMI, left ventricular mass index; LVPYW, eft ventriculer posterior wall. ™p <
0.001, "p < 0.01 between controls and the subjects with hypertension.
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Parameter

Delta LVIDD, mm
Detta IVS, mm
Delta LVPW, mm
Delta LVMI, g/m?
Detta FS, %
Delta LAD, mm

Controls (n = 295)

013 £55

0.36 £ 3.0

083:£1.9
93£203
45£78
06£62

Subjects with
hypertension (n = 257)

062:£57
—028+23
037 £2.1

6.7 +30.4
21£78
06:£59

pvalue

030
0.005
0.008
033
<0001
0.96

The values are presented as mean  SD. Delta = the change of the value of a parameter
between baseline and follow-up visit. The abbreviations are the same as in the Table 1.
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Echocardiographic Baseline variables B pvalue A2
parameter

Fasting plasmainsulinlevel  ~0.136  0.002  0.086
IMT of the carotid artery ~ ~0.086  0.046  0.086
Height 0120 0.006 0.086
Antihypertensive medication ~0.121 ~ 0.006  0.086

Diastolic blood pressure. 0095 0034 0030
Height 0123 0006 0030
Female sex 0284 <0001 0088
Hypertension with treatment ~0.148  0.001  0.058
Waisthip ratio 0139 0087 0088

Female sex 0159 0001 0038
Hypertension with treatment ~0.101 ~ 0.017  0.088

The baseline factors, which retained a significant association with the change of the
echocardiographic parameter after adjustments in the multivariable linear regression
analysis model, are shown in the table. AFS, the change of fractional shortening, AIVS,
the change of the thickness of interventricular septum, ALAD, the change of left atrial
diameter, ALVPVY, the change of the thickness of left ventrioular posterior wall during the
follow-up, IMT, intima-media thickness.
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Echocardiographic ~ Follow-up variables. B pvalie A2
parameter

Previous myocardial infarction 0148 0.001  0.084

Waist-to-hip ratio -0154 0001 0.144
Mitral egurgitation -0197 0001 0.144
Previous myocardial infarction —0229 <0.001 0144
Diabetes -0092 0025 0.144
avs.
Female sex 0213 <0001 0.111
Body mass index 0415 0007 0411

Previous myocardial infarction 0163 <0.001  0.111
Antihypertensive medication  —0.107 0012 0.111

History of heart failure. -0194 <0001 0.1
Female sex 0471 <0001 0037
Body mass index 0017 0046 0037
Pulse pressure 0122 0004 0043

Previous myocardial infarction 0104 0.033  0.043

Weight 0145 0001 0.116
Mitral regurgitation 0217 <0001 0.116
Previous myocardial infarction 0097  0.044  0.116
History of CABG 0121 0012 0.116

The follow-up factors, which retained a significant association with the change of the
echocardographic parameter after adjustments in the mulivariable linear regression
analysis model, are shown in the table. AFS, the change of fractional shortening, AIVS,
the change of the thickness of interventricular septum, ALAD, the change of left atrel
diameter, ALVIDD, the change of let ventricular intermal diastolic ciameter, ALVMI, the
change of left ventricular mass index, ALVPYY, the change of the thickness of left
ventricular posterior wall during the follow-up, CABG, coronary artery bypass grafting.
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