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Abstract

Objectives—We evaluated pattern and clinical correlates of change in left ventricular (LV)

geometry over a 4-year period in the community; we also assessed whether the pattern of change

in LV geometry over 4 years predicts incident cardiovascular disease (CVD), including

myocardial infarction, heart failure and cardiovascular death during an additional subsequent

follow-up period.

Background—It is unclear how LV geometric patterns change over time and whether changes in

LV geometry have prognostic significance.

Methods—We evaluated 4492 observations (2604 unique Framingham Study participants

attending consecutive examinations) to categorize LV geometry at baseline and after 4 years. Four

groups were defined based on the sex-specific distributions of LV mass (LVM) and relative wall

thickness (RWT) (normal: LVM and RWT<80th percentile; concentric remodeling: LVM< but
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RWT≥80th percentile; eccentric hypertrophy: LVM≥ but RWT<80th percentile; and concentric

hypertrophy: LVM and RWT≥80th percentile).

Results—At baseline, 2874/4492 observations (64%) had normal LVM and RWT. Individuals

with normal geometry or concentric remodeling progressed infrequently (4–8%) to eccentric or

concentric hypertrophy. Change from eccentric to concentric hypertrophy was uncommon (8%).

Among participants with concentric hypertrophy, 19% developed eccentric hypertrophy within the

4-years period. Among individuals with abnormal LV geometry at baseline, a significant

proportion (29–53%) reverted to normal geometry within 4-years. Higher blood pressure, greater

body mass index (BMI), advancing age and male sex were key correlates of developing an

abnormal geometry. Development of an abnormal LV geometric pattern over 4 years was

associated with increased CVD risk (140 events) during a subsequent median follow-up of 12.0

years (adjusted-hazards ratio, 1.59; 95%CI, 1.04–2.43).

Conclusions—Our longitudinal observations in the community suggest that dynamic changes in

LV geometric pattern over time are common. Higher blood pressure and greater BMI are

modifiable factors associated with the development of abnormal LV geometry, and such

progression portends an adverse prognosis.
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Introduction

The left ventricle (LV) remodels over the life-course as an adaptive response to aging,

exposure to cardiovascular disease (CVD) risk factors, and myocardial injury (1). LV mass

(LVM) and relative wall thickness (RWT, ratio of LV wall thickness and LV internal

dimensions) are important echocardiographic measures of LV remodeling. Different LV

geometric patterns can be distinguished based on whether RWT and/or LVM are normal

versus increased: normal geometry (LVM and RWT are normal), concentric remodeling

(increased RWT but normal LVM), concentric hypertrophy (LVM and RWT are increased)

and eccentric hypertrophy (increased LVM with normal RWT) (2). Both, increased LVM

(3–4) and abnormal LV geometry patterns (5) adversely affect prognosis and are associated

with impaired cardiac systolic and diastolic dysfunction (6) as well as with increased risk of

CVD events and all-cause mortality prospectively (5,7–10).

Information is very limited regarding how LV geometric patterns change over time and the

determinants of such change. Furthermore, it is unclear if changes in LV geometric patterns

antedate the development of CVD, including heart failure. In animal models, a temporal

sequence of change in LV geometric patterns has been observed, with concentric

hypertrophy leading to LV dilation and eventually to overt heart failure (11). However,

epidemiological evidence for such sequential changes in LV geometric patterns in the

community is very limited. Specifically, it is unclear if concentric hypertrophy changes to

eccentric hypertrophy (which can be due to significant LV dilation or due to an increase in
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LV mass without significant concentricity or LV dilation)(12–13).The correlates and

prognosis associated with such changes in LV geometry are also unknown.

We hypothesized that exposure to multiple cardiovascular risk factors adversely influences

the natural history of LV geometry. We also hypothesized that worsening of LV geometry is

associated with increased risk of CVD.

Methods

Study sample

The recruitment and phenotyping of the Framingham Offspring Study have been described

elsewhere (14). At each quadrennial visit, participants undergo a targeted medical history

and physical examination, standardized anthropometry and laboratory measurement of CVD

risk factors. Attendees at examination cycles 4, 5 and 6 were eligible for the present

investigation if they attended consecutive examinations and had available echocardiograms.

We excluded individuals with prevalent myocardial infarction or heart failure at these

examinations (n=490). The study protocols were approved by the Boston University

Medical Center Institutional Review Board. The study complies with the Declaration of

Helsinki. Informed consent has been obtained from the participants.

Echocardiographic measurements

Echocardiograms were routinely obtained at Offspring examination cycles 4 (1987–90), 5

(1991–95) and 6 (1996–98) as described previously and detailed in the Online Supplement

(15). Four groups were defined based on the sex-specific distributions of LVM and relative

wall thickness (RWT): normal LV geometry: LVM and RWT<80th percentile; concentric

remodeling: LVM< but RWT≥80th percentile; eccentric hypertrophy: LVM≥ but RWT<80th

percentile; and concentric hypertrophy: LVM and RWT≥80th percentile. For each

individual, the LV geometric pattern at baseline was compared to the pattern at the

subsequent examination approximately 4 years later. To maximize statistical power, we

pooled observations on the changes in LV geometry from examination cycle 4 to 5, and

from cycle 5 to 6 (cross-sectional pooling; Figure 1). If a participant had echocardiograms

done at exams 4, 5, and 6, that person was included twice in the analyses: once describing

the change from exam 4 to exam 5 (using exam 4 as baseline) and second describing the

change from exam 5 to exam 6 (using exam 5 as the baseline). We used this pooling

approach in order to increase precision of estimates and improve statistical power.

LV hypertrophy (LVH) and abnormal RWT were defined as values above the respective

80th sex-specific percentile at examination cycle 4 in those participants with available

echocardiographic data (for men, LVM: 207 g and RWT: 0.419; for women, LVM: 170 g

and RWT: 0.435). These reference values were applied to examination cycles 5 and 6 also.

In additional analyses, we used cut-points for LVH (LVM indexed to body surface area;

≤115 gm/m2 versus >115 gm/m2 for men, ≤95 gm/m2 versus >95 gm/m2 for women) and

increased RWT (≤0.42 versus >0.42) as published by the American Society of

Echocardiography (ASE) (16). Since analyses based on the ASE cut-points and those based
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on the 80th percentile cut-points yielded similar rates of transition, all analyses focused on

the latter approach.

Assessment of cardiovascular events

All participants are under surveillance for the development of CVD events including

myocardial infarction, heart failure and CHD death. The diagnostic criteria for heart failure,

myocardial infarction and CHD death have been described previously (17–18).

Statistical methods

Differential missingness and survival bias according to baseline LV geometric
pattern—During the 4-years period between consecutive examination cycles, about 1.3%

(examination cycle 4→5) to 1.4% (examination cycle 5→6) of participants died; 6.5%

(examination cycle 4→5) to 7.7% (examination cycle 5→6) did not attend the follow-up

examination, and 16.6% (examination cycle 4→5) to 13.9% (examination cycle 5→6) of

participants did attend the follow-up examination but no echocardiographic data could be

obtained. More details are provided in the online supplement.

Transition matrix—A transition matrix was constructed to cross-classify LV geometry at

the baseline and subsequent examinations (cycles 4 to 5, and cycles 5 to 6, respectively, with

cycles 4 and 5 serving as the baselines [time 0] for this analysis) to assess the proportion of

participants who remained in the same category or developed a different geometric pattern at

follow-up. Since rates of change in LV geometry were fairly similar from examination cycle

4 to 5 and from examination cycle 5 to 6, we pooled data across these consecutive

examinations (Figure 1, A).

Polytomous regression models—To evaluate clinical covariates associated with

change in LV geometric patterns over time (Figure 1, B), we used polytomous regression

models to estimate odds ratios (OR) and 95% confidence intervals (CI) for each abnormal

geometric pattern (concentric remodeling, concentric hypertrophy, eccentric hypertrophy)

upon follow-up with normal geometry at follow-up serving as a referent group. We focused

on individuals with normal LV geometric pattern at baseline because most observations fell

into this group. We included sex, baseline age, systolic blood pressure (BP), body mass

index (BMI), antihypertensive treatment, current smoking, diabetes and change in systolic

BP and change in BMI (from baseline to follow-up) and the examination cycle as covariates.

Furthermore, in those participants with an abnormal LV geometric pattern at baseline

(concentric remodeling, concentric hypertrophy, eccentric hypertrophy) we estimated ORs

for the reversion to a normal LV geometric pattern on follow-up, with ‘remaining in the

respective abnormal baseline category’ serving as the referent category. We adjusted these

ORs for the same set of covariates noted above.

Graphical display of changes in BP, BMI, LVM and RWT—In participants with

normal LV geometry at baseline, we displayed changes in LVM and RWT stratified by the

LV geometric pattern upon follow-up (Supplemental Figure 1, Panel A). To elucidate the

influence of BP and BMI, we graphically displayed the change in these measures from

baseline to follow-up (Supplemental Figure 1, Panel B).
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Association of change in LV geometry with CVD (composite of incident
myocardial infarction, heart failure and CHD death)—We assessed whether change

in LV geometry from examination cycle 5 to 6 was associated with incidence of CVD after

examination cycle 6 (Figure 1, C; exam cycle 6 serving as the baseline [time 0] for this

analysis). For this purpose, we classified participants based on how their LV geometry

changed from cycle 5 to cycle 6 and defined 4 groups (Table 4):

1. Reference group: individuals with normal geometry or concentric remodeling at

exam 5, who remained in the same category (Table 4, yellow cells);

2. Improvement of LV geometry: participants who reverted to normal geometry

from any abnormal pattern at exam 5, or who changed from eccentric or concentric

hypertrophy to concentric remodeling (Table 4, green cells);

3. Worsening of LV geometry: participants who developed an abnormal geometric

pattern from a normal or concentric remodeling pattern (Table 4, red cells).

Furthermore, changes from eccentric to concentric LVH or vice versa were

considered as worsening too (Table 4, red cells);

4. Remained high risk: Participants with concentric or eccentric hypertrophy who

remained in the same category were considered as a separate category (Table 4,

white cells) because these individuals are at particularly high risk of CVD.

We used Cox proportional hazards regression models, adjusted for age and sex, to relate the

change in LV geometry (independent categorical variable as defined above) to the incidence

of CVD after examination cycle 6 (dependent variable), after confirming that the assumption

of the proportionality of hazards was met. We chose a composite endpoint because LV

geometry has been previously related to all three components (myocardial infarction, heart

failure and CHD death), and to maximize our statistical power.

We performed sensitivity analyses defining LV geometric patterns based on ASE cut-points.

All analyses were performed using SAS version 9.2; a two-tailed P<0.05 was considered

statistically significant.

Results

The baseline characteristics of our sample (4492 observations, 2604 unique participants;

mean age, 51 years; 59% women) by LV geometry pattern are shown in Table 1. The 2604

participants (contributing 4492 observations) represent 79% of the total number of

participants who attended examination cycles 4, 5, and 6 (n= 3289). Participants with

eccentric and concentric hypertrophy were older and had higher BP and BMI compared to

individuals with normal LV geometry or concentric remodeling.

Transition rates of LV geometric pattern during a 4-year follow-up period

Most participants with normal LV geometry at baseline remained in that category (68%);

about 20% progressed to concentric remodeling, but transition to eccentric or concentric

hypertrophy was uncommon (Table 2; first row). More than half the individuals with

concentric remodeling at baseline had normal LV geometry at follow-up, one third
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remained in the concentric remodeling category, and only 6–7% progressed to eccentric and

concentric hypertrophy (Table 2; second row). More than 40% of individuals with eccentric

hypertrophy at baseline had normal geometry at follow-up, whereas the development of

concentric geometry was relatively uncommon (8%; Table 2; third row). About 19% of

individuals with concentric hypertrophy at baseline changed to eccentric hypertrophy, 29%

reverted to normal LV geometry and 17% to concentric remodeling on follow-up (Table 2;

last row). When ASE cut-points were used to define increased LVM and RWT, the

proportion of participants changing from concentric hypertrophy to eccentric hypertrophy

was lower (13%), but overall the transition matrix based on ASE cut-points was not

dissimilar (Supplemental Table 1). The development of eccentric hypertrophy can be due to

an increase in LVEDD (“dilated LVH”)(13), or due to an increase in LVM, but without

either significant increase in LVEDD or increased concentricity (“indeterminate LVH”)(12–

13). To assess which sub-form of eccentric hypertrophy dominates in our sample, we

evaluated the change in LVEDD from baseline to follow-up in those participants who

evolved from concentric to eccentric hypertrophy. As expected, the majority of participants

(34/39; 87%) had an increase in LVEDD (Supplemental Table 2).

Clinical correlates of change in LV geometry

Increasing age, male sex, higher systolic BP and greater BMI emerged as key correlates of

an abnormal LV geometry on follow-up (Table 3). Smoking and diabetes were also

associated with increased odds of developing an abnormal LV geometric pattern, but only

the association of diabetes with the development of concentric remodeling reached statistical

significance. In those participants with an abnormal LV geometric pattern at baseline

(concentric remodeling, concentric hypertrophy and eccentric hypertrophy; Supplemental

Table 3), male sex, older age and higher level of BP and BMI at baseline were also

associated with lower odds of reverting to normal geometry on follow-up. Thus, participants

who were female, younger, with lower systolic BP and BMI at baseline were more likely to

revert to a normal LV pattern on follow-up (Supplemental Table 3).

Association of change in LV geometry with incident CVD (MI, heart failure and CHD death)

In our sample, there were 2105 observations describing the change in LV geometry from

examination cycles 5 to 6 (Table 4). Of these, 1058 individuals (yellow cells) remained in

the category of normal geometry or concentric remodeling (referent category), 439

participants improved (green color) and 479 worsened (red cells). Individuals who

remained in the concentric or eccentric hypertrophy group at cycle 6 (n=129; Table 4, white

cells) were considered as a separate group as noted above. The median follow-up time was

12.0 years, the total exposure time was 23725.1 person-years. The unadjusted incidences of

CVD (composite of myocardial infarction/heart failure/CHD death) were 4.2% (reference

category), 7.1% (improved LV geometry), 9.0% (worsened LV geometry), and 17.1% (high

risk category) (Table 5). In age-and sex-adjusted models, worsening of the LV geometry

was associated with increased risk of CVD (Table 5).

As expected, participants who remained in the eccentric or concentric hypertrophy groups

had the highest CVD risk. Analyses using ASE cut-points revealed comparable results
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(Supplemental Table 4). Due to the relative small number of participants (n=129) and events

(n=22; Table 4 and 5), no subgroup analyses within the high risk group could be performed.

Discussion

Principal findings

In our community-based cohort of middle-aged to elderly adults, we observed dynamic

changes in LV geometry frequently. Our key findings are summarized below. First, the

proportion of individuals who changed their LV geometric pattern was dependent on the

baseline LV geometry. Two thirds of individuals with normal geometry at baseline remained

in the same category, whereas only about a third with other geometric patterns remained in

the same baseline category (diagonal in Table 2). Reversal to normal geometry was the most

common change in those with abnormal geometry at baseline. Second, in participants with

normal geometry or concentric remodeling at baseline, progression to concentric or

eccentric hypertrophy was rare. Transition from eccentric to concentric hypertrophy was

likewise relatively infrequent (8%), whereas progression from concentric to eccentric

hypertrophy occurred in 19% of individuals. Third, higher BP and greater BMI along with

older age and male sex were the main clinical correlates of an adverse change in LV

geometry. Fourth, the development of abnormal LV geometry was associated with increased

risk of CVD on follow-up. The use of ASE-defined cut-points for LV geometric patterns

(supplemental Tables 1 and 3) yielded results essentially similar to those obtained using

empiric sex-specific percentiles for LVM and RWT.

In the context of the literature

Pattern of change in LV geometric pattern—Animal data parallel our findings

supporting progression of LV geometry over time. Researchers have noted that salt-sensitive

Dahl rats fed a high salt diet have an initial increase in LVM and relative wall thickness,

followed by a decline in RWT after week 13 (19). These rats changed from concentric

hypertrophy to eccentric hypertrophy, and ultimately to symptomatic heart failure over the

course of 20 weeks (11). Thus, there is substantial experimental evidence for a temporal

sequence of concentric hypertrophy leading to eccentric hypertrophy, and eventually the

development of clinical heart failure.

However, data in humans regarding the development of LV geometric pattern over time are

relatively scarce and were predominantly from select sub-samples of the population, such as

patients with hypertension (20–21) or the elderly (22) as detailed below.

Patients with hypertension and electrocardiographic evidence of LVH were part of the LIFE

(Losartan Intervention For Endpoint reduction in hypertension) study, which reported the

change in LV geometric pattern after 1-year of antihypertensive treatment (20). Consistent

with the observations from our present analysis, progression from normal geometry or

concentric remodeling to eccentric or concentric hypertrophy was rare in the LIFE study

(20), and progression from concentric to eccentric hypertrophy was observed in

approximately a third of the moderately hypertensive patients in the LIFE sample (20),

whereas this proportion was lower (19%) in our sample from the community. In line with
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our observations, progression to eccentric hypertrophy was likewise relatively infrequent,

and regression to normal geometry was relatively common in elderly participants from the

Cardiovascular Health Study (mean age of 73 years) with concentric geometry at baseline

(22). Thus, there is some evidence in our data supporting a sequence (as described in

experimental models) of a change from concentric remodeling to concentric hypertrophy

and then to eccentric hypertrophy, even in the absence of interim CVD events. However,

such a transition was observed in only a modest proportion of individuals. It is also

conceivable that transitions occurring during the 4-year period of follow-up may have been

missed in our investigation.

The majority of participants changing from concentric to eccentric hypertrophy in our

sample displayed larger LVEDD on follow-up as compared to the baseline examination,

suggesting that this change in LV geometry was likely driven by LV dilation.

Another interesting observation in our data is that changes in LV geometry were relatively

common if participants had abnormal baseline geometry. Only a third of the participants

with abnormal geometry remained in the same category (diagonal in Table 2). About 29–

53% of participants with abnormal geometry at baseline had a normal geometry on follow-

up. These findings are in agreement with results from the LIFE study (20), and likely reflect

the phenomenon of ‘regression to the mean’ (23). Furthermore, they are consistent with the

dynamic nature of LV geometry over time with the potential for reversibility.

Clinical correlates of changes in LV geometric patterns

Overall, BP, BMI, age, and sex were the key correlates of change in LV geometry over the

4-year period. Older age, male sex, higher baseline levels of BP and BMI were associated

with increased odds of developing abnormal geometry on follow-up and with lower odds of

regression to normal LV geometry. Among participants with abnormal LV geometry at

baseline, those who were female, younger, with lower systolic BP and BMI at baseline were

more likely to revert to a normal LV pattern upon follow-up (Supplemental Table 3). These

observations are in excellent agreement with data from cross-sectional and longitudinal

studies on population-based samples (6,15,24–26). Overall, these data emphasize the

importance of controlling CVD risk factors to prevent worsening of LV geometry and to

reduce the associated risk of CVD.

Change in LV geometry and risk of subsequent CVD

There is considerable evidence that alterations in LV structure predict the incidence of heart

failure and other forms of CVD (3–4,27–28). In a prior report, Framingham investigators

observed that individuals with concentric hypertrophy had an increased risk of death and

incident CVD, particularly men. These associations were attenuated upon adjustment for LV

mass and traditional risk factors (5). However, this latter report did not describe pattern of

change in LV geometry, nor the prognostic significance of change in LV geometry over

time (5). In African Americans, concentric hypertrophy was strongly associated with

diastolic dysfunction, whereas eccentric hypertrophy was strongly associated with systolic

dysfunction in cross-sectional analyses (6). Likewise, higher LVM was associated with an

increased risk of developing a reduced ejection fraction (<55%) on follow-up in elderly

Lieb et al. Page 8

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2015 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



participants (age ≥65 years) from the community (29). When considering the LV geometric

pattern in these participants, mainly eccentric, but not concentric LVH, predicted the

development of a low ejection fraction (29). In clinical samples of patients with concentric

LVH at baseline, between 13% and 20% developed a reduced ejection fraction or systolic

dysfunction, during short-term follow-up (21,30–31). Consistent with the above mentioned

reports, our observations demonstrated that the development of an abnormal LV geometric

pattern was associated with increased risk of subsequent CVD, including heart failure,

myocardial infarction and CHD death. Even participants whose LV geometry improved over

4 years had an increased risk of subsequently developing CVD compared to the referent

group (Table 5, Supplemental Table 4), consistent with the notion that abnormal LV

geometry in the past continues to confer an adverse prognosis.

Strength and limitations

The strengths of our investigation include the availability of a large number of

echocardiographic observations and the community-based, prospective design. Limitations

include unavoidable biases due to differential missingness and availability of

echocardiographic data by baseline LV geometric pattern, regression to the mean, and

misclassification due to changes in the echocardiographic equipment over time and due to

intra-reader temporal drift. However, we have implemented several quality control

procedures in our echocardiography laboratory (as detailed in the online supplement) to

monitor reproducibility of measurements and temporal trends in measurements.

The categorization of LV geometry is based on ratios of individual measurements that are

sensitive to measurement error, and such error can lead to miscategorization. However, we

expect this misclassification to be non-differential (not related to LV geometry or incident

CVD/CHD death), thereby slightly reducing the statistical power of our analyses, and less

likely to introduce a systematic error in our analyses.

Regardless of such factors, change in LV geometry was associated with an adverse

prognosis. The generalizability of these observations to non-white ethnicities is unknown.

Conclusion

In our prospective study of a large community-based sample, we observed dynamic changes

in LV geometry over a 4-year period, and identified older age, male sex, higher BP and

greater BMI as key clinical correlates of such change. Worsening of LV geometry was

associated with an adverse prognosis. Although observational, our findings provide support

for the importance of control of CVD risk factors to prevent worsening of LV geometry,

and, in turn, reduce the risk of future CVD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study design and principal analyses
CVD refers to cardiovascular disease (defined as myocardial infarction, heart failure or

coronary heart disease [CHD] death); LV indicates left ventricular
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Table 1

Baseline characteristics of the study sample by baseline left ventricular (LV) geometry.

Baseline LV geometric pattern

Variable Normal Geometry
(n=2874)

Concentric Remodeling
(n=820)

Eccentric Hypertrophy
(n=590)

Concentric Hypertrophy
(n=208)

Clinical features

Women, % 59% 61% 62% 34%

Age, years 50±10 54±9 51±10 58±9

Systolic BP, mm Hg 121±17 127±18 128±19 137±20

Diastolic BP, mm Hg 75±10 77±10 78±10 80±11

Antihypertensive treatment, % 10% 18% 17% 35%

Body mass index, kg/m² 25.7±4.0 26.2±3.9 28.2±5.1 29.3±4.4

Smoking, % 19% 20% 19% 17%

Diabetes, % 3% 5% 6% 12%

Left ventricular echocardiographic features

LV mass (crude), g 147±31 150±25 201±27 223±39

Relative wall thickness 0.37±0.04 0.47±0.04 0.39±0.03 0.49±0.07

End-diastolic diameter, cm 4.80±0.37 4.37±0.30 5.26±0.36 4.90±0.31

Fractional shortening 0.36±0.07 0.37±0.07 0.36±0.06 0.38±0.06

BP, blood pressure; LV, left ventricular. Data are shown as mean±standard deviation for continuous traits and percentages for binary traits.

n=number of observations

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2015 September 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Lieb et al. Page 15

Table 2

Transition rates of left ventricular (LV) geometric pattern during a mean follow up of 4 years (n=number of

observations).

LV Geometric pattern on Follow up

Baseline LV geometric
pattern

Normal
geometry

Concentric
remodeling

Eccentric
hypertrophy

Concentric
hypertrophy

Normal geometry (n=2874) 68% (n=1960) 20% (n=559) 8% (n=228) 4% (n=127)

Concentric remodeling (n=820) 53% (n=437) 34% (n=279) 6% (n=47) 7% (n=57)

Eccentric hypertrophy (n=590) 47% (n=274) 13% (n=78) 32% (n=189) 8% (n=49)

Concentric hypertrophy
(n=208) 29% (n=60) 17% (n=36) 19% (n=39) 35% (n=73)
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Table 5

Crude event rates, and age-and sex-adjusted hazard ratios for incident CVD/CHD death (after cycle 6)

according to the pattern of change in left ventricular geometry (from cycle 5 to 6).

Change in LV geometry
from exam 5 to exam 6

Events after exam 6
/ individuals at risk Risk Age- and sex-adjusted

HR (95% CI) P-value

Reference 44/1058 4.2% 1

Improved 31/439 7.1% 1.39 (0.88, 2.21) 0.16

Worsened 43/479 9.0% 1.59 (1.04, 2.43) 0.03

High risk (Remained EH/CH*) 22/129 17.1% 3.42 (2.04, 5.74) <0.0001

*
Individuals with eccentric hypertrophy (EH) at exam 5 and exam 6; or with concentric hypertrophy (CH) at exam 5 and exam 6. HR, hazard ratio,

CVD denotes cardiovascular disease; CHD coronary heart disease
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