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Background: People over the age of 85 years have a high incidence of cardiovascular disease and chronic
kidney disease.
Hypothesis: There is an association between renal function and cardiac structure and function in subjects 85
years of age.
Methods: Subjects born in the years 1920 and 1921 were recruited from the Jerusalem Longitudinal Cohort
Study. Echocardiography was performed at the subject’s home with assessment of cardiac structure and
function. Glomerular filtration rate (GFR) was assessed by the Cockroft-Gault formula, with abnormal GFR
defined as ≤60 mL/min/1.73 m2.
Results: There were 310 subjects who were enrolled. When GFR was examined as a continuous variable, linear
regression showed a small although statistically significant relationship between GFR and left atrial volume
(r = 0.15, P < 0.014), left ventricular mass index (r = 0.12, P < 0.04), and ejection fraction (r = 0.19, P < 0.03)
but not with indices of diastolic function (r = 0.02, P < 0.72). However, using the accepted clinical cutoff of
60 mL/min/1.73 m2, there were no significant differences between subjects with normal and abnormal GFR in
indices of cardiac structure. Ejection fraction (57.0 ± 10.4% vs 54.4 ± 10.3%; P = 0.08) and indices of diastolic
function (E/e′ 12.4 ± 5.0 vs 12.3 ± 4.6; P = 0.89) were not significantly different between the 2 groups.
Conclusions: A weak and clinically insignificant association was found between GFR as a continuous variable
and indices of cardiac function. However, using the clinically accepted cutoff, no association between abnormal
GFR and cardiac structure or function was observed.

Introduction
People over the age of 85 (the oldest old) are the world’s
most rapidly growing age group.1 Aging is known to be
associated with decreased renal function and with chronic
kidney disease (CKD), the latter appearing as a major
global public health problem over the last decade. CKD is
especially prevalent in the elderly population, and there is
extensive evidence that mild and moderate CKD caries a
significant risk for all-cause and cardiovascular mortality.2,3

The mortality risk is so high that the majority of afflicted
subjects do not reach the stage of advanced kidney disease.3

The high incidence of hypertension in this population
may also contribute to both cardiac and renal disease.4

Current clinical guidelines published by the National Kidney
Foundation’s Kidney Disease Quality Outcome Initiative
define evaluation, classification, and risk stratification in
chronic kidney disease.5 These guidelines recommend
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using the Abbreviated Modification of Diet in Renal Disease
(MDRD) or the Cockcroft-Gault (CG) equations to estimate
glomerular filtration rate (GFR) and are being gradually
implemented in different health care systems.

Despite the rapid growth of this population, its high inci-
dence of cardiac and renal disease and the significant risk
of cardiovascular complications in CKD patients, the mech-
anisms relating them are still largely unknown. Elucidating
these mechanisms is crucial to design preventive interven-
tions to reduce vascular morbidity in this population.

Echocardiographic studies examining the relationship
of abnormal cardiac structure and function to renal
insufficiency have been limited and performed mainly
in younger populations or those with end-stage renal
disease.6–8 A better understanding of this relationship is
important for the design of interventions to reduce vascular
morbidity in this population. Studies of echocardiography
in the oldest old have generally been performed in the
hospital or clinic setting, possibly contributing to a biased
study population in this elderly age group as subjects
may have difficulty in leaving their homes.9 The recent
introduction of portable echocardiography machines has
made it possible to study patients in the home and

764 Clin. Cardiol. 35, 12, 764–769 (2012)
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22049 © 2012 Wiley Periodicals, Inc.

Received: May 10, 2012
Accepted with revision: July 23, 2012



therefore is a more representative population of the oldest
old. The objective of this study was to examine the
association between echocardiographic measures of cardiac
structure and function performed at the subjects home and
renal function in an age-homogenous, community-dwelling
population born in 1920 and 1921.

Methods
Participants

Subjects were recruited from the Jerusalem Longitudinal
Cohort Study that was initiated in 1990 and has followed an
age-homogenous representative cohort of West Jerusalem
residents born between June 1920 and May 1921. The
methodology has been described elsewhere in detail.10,11

The present study examines data from the third most recent
phase of data collection, which took place during 2005
and 2006. Subjects were interviewed and examined in their
homes on 2 separate occasions, each session requiring the
completion of a structured interview that lasted about an
hour and a half. Information was collected from socioe-
conomic, demographic, medical, functional, cultural, and
cognitive domains. The institutional ethics committee of the
Hadassah Hebrew University Medical Center approved the
study design, and written informed consent was obtained
from all participants.

Sampling

Subjects identified from the electoral register were
randomly chosen from the total sample of people born
in 1920 and 1921 and living in Jerusalem in 2005. As
reported previously, we performed an examination of death
certificates and hospital admission records 3 years following
the initiation of the study. We compared the study group to
other subjects of the sample frame in Jerusalem (also born
in 1920 and 1921) who either refused or were not invited
to enroll in the cohort study.10,11 Subjects of the study
group, those who declined to participate, and those baseline
cohort members not enrolled had near identical mortality
and disease-specific hospital morbidity, thus demonstrating
the representative nature of the initial study group in
comparison to the total same-age stratum of the Jerusalem
population. Echocardiography was performed in randomly
selected subjects, evenly distributed between new recruits
and subjects participating from previous phases.

Echocardiography

Subjects had standard 2-dimensional and Doppler echocar-
diography at their place of residence with a portable echocar-
diograph (Vivid I; GE Healthcare, Haifa, Israel). All subjects
underwent 2-dimensional and Doppler echocardiography
with m-mode measurements of the interventricular septum,
posterior wall, and left ventricular (LV) end-systolic and end-
diastolic diameters according to the recommendations of
the European Association of Echocardiography/American
Society of Echocardiography.12 Measurements were per-
formed for 3 consecutive cardiac cycles and averaged.
Subject height and weight at the time of the study were
recorded and body surface area calculated. LV mass index
(LVMI) was calculated according to a necropsy validated for-
mula of LV mass (grams) = 0.8 × (1.04 × [(septal thickness

+ LV internal diameter + posterior wall thickness)3 − (LV
internal diameter)3 ) + 0.6 and indexed to body surface
area.13 Left atrial volumes (LAV) were calculated at end-
systole from the apical 4-chamber view using the area-length
method and indexed to body surface area.14 Measurement of
tricuspid regurgitation velocity was performed in standard
fashion and converted to right ventricular to right atrial
pressure gradient using the modified Bernoulli equation.

Ejection fraction (EF) was calculated by averaging
measurements of end-diastolic and end-systolic volumes
from the apical 4-chamber view using the area-length
method for 3 consecutive beats. In patients with atrial
fibrillation (n = 25), measurements were averaged for 5
consecutive beats. Subjects with inadequate imaging of the
endocardial surface in apical views were excluded. Normal
systolic function was defined as ejection fraction ≥55%. In
addition, peak systolic mitral annular function (s wave) was
measured as an additional index of systolic function.

Diastolic parameters were measured from the apical 4-
chamber view using pulsed-wave Doppler at the level of
the mitral annulus and tissue Doppler imaging of the septal
and lateral myocardial walls and included early (E) and late
transmitral flow velocities, the ratio of early to late velocities,
deceleration time of E velocity, and isovolumic relaxation
time. Early (e′) and late diastolic mitral annular tissue veloc-
ities at both the septum and lateral walls were obtained,
and the ratio of E/e′ using the average of septal and lateral
tissue velocities obtained was calculated as an index of dias-
tolic function.15 Normal E/e′ was defined as ≤13.15 Patients
with atrial fibrillation were excluded from analyses of wave
velocities.

Assessment of Renal Function

Subjects who had undergone echocardiography and blood
sampling with measurement of serum creatinine at the time
of assessment in 2005 formed the study population. Serum
creatinine levels were all assayed using the rate-Jaffe reac-
tion on a Hitachi 747 autoanalyzer (Roche Diagnostics Corp.,
Indianapolis, IN) calibrated with the compensated method.
GFR was estimated based on the Cockcroft-Gault equation:
[CrCl = ((140-age) × weight)/(72 × serum creatinine) ×
(0.85, if female)].

Data Analysis

Descriptive statistics were performed, and as the car-
diac parameter data were normally distributed, results are
described as means and standard deviations. Percentages
were calculated as appropriate. For continuous variables
differences between means were calculated using t tests.
Linear regression unadjusted and adjusted models were
performed. Models were adjusted for sex, diabetes, con-
gestive heart failure, ischemic heart disease, hypertension,
health perception, physical activity, and body mass index.
All P values were 2-tailed, and P < 0.05 was considered
significant. The data storage and analysis was performed
using SAS version 9.1e (SAS Institute, Inc., Cary, NC).

Results
Three hundred ten subjects of whom 164 were female and
146 male were entered into the study. Clinical characteristics
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are demonstrated in Table 1. As expected there was a
high prevalence of hypertension and vascular disease in
this elderly cohort, and 77% of the subjects had impaired
renal function as evidenced by a GFR ≤60 mL/min/1.73m2.
However, only 5.8% had a GFR ≤30 mL/min/1.73m2. There
were no significant differences in clinical characteristics
between subjects with and without CKD, except for a higher
body mass index in the normal GFR group. The cohort in
general had elevated LVMI (122 ± 36 gm/m2) and LAV
(64.6 ± 26 mL), with normal mean EF (55.3 ± 10.2%) and
elevated E/e′ (12.3 ± 4.9) suggesting significantly impaired
diastolic function.

Echocardiographic measurements as continuous vari-
ables in groups with and without CKD are depicted in
Table 2. Indices of cardiac structure including LAV and
LVMI were not significantly different between groups. EF
(57.0 ± 10.4% vs 54.4 ± 10.3%; P < 0.08) tissue Doppler s
wave measurements and indices of diastolic function (E/e′

12.4 ± 5.0 vs 12.3 ± 4.6; P = 0.89) were not significantly
different between the 2 groups as well.

When parameters were dichotomized into normal and
abnormal EF, E/e′, and LVMI, the rate of subjects with
and without CKD was not different between the 2 groups
(Table 3). There were no significant differences in mean
GFR between these groups as well (Table 4). Similarly,
when GFR was examined as a dichotomous variable in
multivariate logistic regression analysis, no association
was found for any of the cardiac parameters (whether as
dichotomous or continuous variables).

When GFR was analyzed as a continuous variable by linear
regression, a clinically small yet statistically significant
relationship between GFR and LAV (r = 0.15, P < 0.014),
LVMI (r = 0.12, P < 0.04), and EF (r = 0.19, P < 0.03)
was noted. GFR did not correlate with indices of diastolic
function (r = 0.02, P < 0.72) (Figure 1). After multivariate
analysis, the association between GFR and LVMI was no
longer significant, whereas the association with LAV and
EF remained significant (Table 5).

Discussion
Our study is the first to our knowledge to examine
associations between cardiac structure and function and
renal function in a community-dwelling population of
the oldest old. This study did not demonstrate an
association between renal insufficiency (when using the
clinically accepted cutoff of an estimated GFR (eGFR)
<60 mL/min/1.73m2) and cardiac structure and function.
We did demonstrate a weak although significant association
between GFR and LAV as well as LV EF; however, the
clinical magnitude of this association as well as the strength
of the association are likely to be of little clinical relevance.

Several previous studies using echocardiography or
magnetic resonance imaging have examined the association
between renal insufficiency and cardiac structure and
function, mainly focusing on left ventricular hypertrophy
(LVH) in hypertensive populations. These studies have
demonstrated conflicting results, with some, but not others,
demonstrating a relationship between eGFR and LVH.16–18

Shah et al recently examined hypertensive patients with
a mean age of 60 years with echocardiography and did

Table 1. Baseline Characteristics

Total GFR >60 GFR ≤60 P Value

Total population 100 (310) 22.6 (70) 77.4 (240)

Male 47.1 (146) 54.3 (38) 45 (108) NS

Education ≤12 years 50.3 (156) 61.4 (43) 47.1 (113) 0.04

Smoking (pack years) 7.7 ± 18.8 7.8 ± 19.9 7.6 ± 18.6 NS

Diabetes 19 (59) 24.3 (17) 17.5 (42) NS

Ischemic heart disease 39 (121) 34.3 (24) 40.4 (97) NS

Hypertension 71.6 (222) 67.1 (47) 72.9 (175) NS

Cerebrovascular disease 14.9 (44) 10 (7) 15.4 (37) NS

Peripheral artery disease 11 (34) 8.6 (6) 11.7 (28) NS

Chronic obstructive
pulmonary disease

6.1 (19) 5 (7.1) 5.8 (14) NS

Depression 26.7 (81) 26.5 (18) 26.8 (63) NS

Dementia 17 (52) 14.5 (10) 17.8 (42) NS

Poor self-rated health 31.3 (96) 32.9 (23) 30.8 (73) NS

Comorbidity index 20.3 (63) 15.7 (11) 21.7 (52) NS

Body mass index (kg/m2) 27.1 ± 4.3 29.3 ± 4.6 26.4 ± 4 <0.0001

Anemia 27.7 (86) 28.6 (20) 27.5 (66) NS

Diuretics 40.7 (126) 47.1 (33) 38.8 (93) NS

Peripheral vasodilators 10 (3.2) 5.7 (4) 2.5 (6) NS

β-blockers 42.9 (133) 41.4 (29) 43.3 (104) NS

Calcium channel blocker 31.6 (98) 29.6 (71) 38.6 (27) NS

ACE/ARB 50.7 (157) 48.6 (34) 51.3 (123) NS

Mean systolic blood
pressure (mm Hg)

147.2 ± 21.6 145 ± 19.5 147 ± 22.2 NS

Mean diastolic blood
pressure (mm Hg)

73.8 ± 10.8 75.3 ± 10.1 73.3 ± 11 NS

Mean pulse (bpm) 65.4 ± 10.3 67.3 ± 9.5 64.7 ± 10.4 NS

Mean GFR 50.3 ± 14.9 71.5 ± 10.4 44.1 ± 9.3 <0.0001

New York Heart
Association Class I

90.6% 92.9% 90%

New York Heart
Association Class II

8.1% 7.1% 8.4%

New York Heart
Association Class III

0 0 1.7%

New York Heart
Association Class IV

0 0 0 NS

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin-
receptor blocker; GFR, glomerular filtration rate; NS, not significant.
Data are presented as % (no.) or mean ± standard deviation.

not demonstrate an association between eGFR and cardiac
structure, systolic or diastolic function, a finding consistent
with our results in an older general, community-dwelling
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Table 2. Cardiac Function by Glomerular Filtration Rate Level

>60 mL/min/1.73 m2,
Mean ± STD

≤60 mL/min/1.73m2,
Mean ± STD

Measurements of cardiac morphology

LA volume index
(mL/m2)

37 ± 10.8 38 ± 15

LV end diastolic
volume index
(mL/m2)

66.9 ± 14.3 69.6 ± 19.2

LV end systolic volume
index (mL/m2)

29.3 ± 12.3 32.7 ± 14.8

LV mass index (g/m2) 118 ± 28.2 122.5 ± 34.6

LV ejection fraction (%) 57 ± 10.4 54.4 ± 10.3

Tissue Doppler lateral
s wave (cm/s)

7.8 ± 2 7.7 ± 2.2

Tissue Doppler septal
s wave (cm/s)

6.6 ± 1.8 6.6 ± 1.9

Mitral valve E wave
(cm/s)

78.4 ± 21.4 76.7 ± 22

Mitral valve A wave
(cm/s)

90.7 ± 26.4 88 ± 24.6

E/A ratio 1 ± 0.8 1.1 ± 1.3

Deceleration time
(m/sec)

208 ± 67.6 201.5 ± 64.6

Tissue Doppler lateral
e′ wave (cm/s)

7.5 ± 2.3 7.1 ± 2.2

Tissue Doppler lateral
a wave (cm/s)

10 ± 3.2 9.6 ± 3.5

Tissue Doppler septal
e′ wave (cm/s)

6 ± 2.2 5.9 ± 1.9

Tissue Doppler septal
a wave (cm/s)

7.7 ± 2.3 8.1 ± 2.7

E/e′ 12.4 ± 5 12.3 ± 4.6

Abbreviations: E, early transmitral flow velocities; A, late transmitral
flow velocities; e′, early diastolic mitral annular tissue velocities; LA,
left atrial; LV, left ventricular; STD, standard deviation.

population with a high prevalence of hypertension.7 In a
study examining the effect of renal insufficiency on diastolic
heart failure in hypertensive patients with a mean age of
64 years, Nishio et al also failed to demonstrate differences
in EF or E:e′ between subjects with eGFR above or below
60 mL/min/1.73 m2.19

Although there is a clear association between renal
insufficiency and cardiovascular morbidity and mortality,
our findings of only a small association between LV EF,
LAV, and GFR suggest that this may be primarily mediated
by extracardiac factors such as the diffuse vascular stiffening
seen with aging to which the kidneys are particularly
susceptible.20 This finding suggests that strategies to
improve cardiorenal syndromes should not be solely
designed at improving cardiac output. It is also possible

Table 3. Categorical Cardiac Function by Glomerular Filtration Rate Level

EF (N = 251)
>60, % (n),

n = 64
≤60, % (n),

n = 187 P Value

EF <55 43.8 (28) 49.7 (93) 0.4

0.45–0.55 32.8 (21) 33.7 (63)

0.35–0.45 6.3 (4) 11.8 (22)

0–0.35 4.7 (3) 4.3 (8) 0.62

E/e′ (N = 274) (n = 59) (n = 215)

≥13 35.6 (21) 35.8 (77) 0.97

8–14 64.4 (38) 63.3 (136)

≥15 20.3 (12) 22.3 (48) 0.94

LV mass index (N = 227) (n = 64) (n = 213)

High 46.9 (30) 53.5 (114) 0.35

Abbreviations: E, early transmitral flow velocities; E′, early diastolic
mitral annular tissue velocities; EF, ejection fraction; LV, left ventricular.

Table 4. Mean GFR and Dichotomized Cardiac Function

Normal, Mean
GFR ± STD (n)

Abnormal, Mean
GFR ± STD (n) P Value

E:e′ 50.9 ± 14.9 (176) 49.2 ± 13.8 (98) 0.33

EF 52.6 ± 15.1 (130) 49.1 ± 15.1 (121) 0.07

LV mass index 51.2 ± 13.6 (133) 49.3 ± 15.4 (144) 0.29

Abbreviations: E, early transmitral flow velocities; e′ early diastolic
mitral annular tissue velocities; EF, ejection fraction; GFR, glomerular
filtration rate; LV, left ventricular; STD, standard deviation.

Table 5. Linear Regression for Kidney Function With Selected Cardiac
Functions

Unadjusted P Valuea Adjusted P Valueb

LA volume 0.026 0.048

LV mass index 0.048 0.16

LVEF 0.0014 0.0092

E/e′ 0.84 0.77

Abbreviations: E, early transmitral flow velocities; e′ early diastolic
mitral annular tissue velocities; LA, left atrial; LV, left ventricular; LVEF,
left ventricular ejection fraction. aAdjusted for sex. bAdjusted for sex,
diabetes, congestive heart failure, ischemic heart disease, hypertension,
health perception, physical activity, and body mass index.

that an association with cardiac structure and function
would be demonstrated in very elderly subjects with more
pronounced renal insufficiency than seen in our cohort.21

We have recently demonstrated that physical activity in
the same elderly population, although conferring survival
benefits, is not associated with changes in cardiac structure
and function on echocardiography,22 further suggesting that
extracardiac factors may be involved in the related morbidity
and mortality in this population. However, further study is
needed to clarify these mechanisms.
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Figure 1. Linear regression analysis of eGFR with measures of cardiac structure and function. Abbreviations: E, early transmitral flow velocities; e′, early
diastolic mitral annular tissue velocities; GFR, glomerular filtration rate; LA, left atrial; LV, left ventricular; LVEF, left ventricular ejection fraction.

In the present study we used the CG formula to define
CKD, whereas other studies have used the MDRD formula.
There is controversy over which of the equations is more
accurate in detecting reduced GFR, but there is extensive
evidence supporting the superiority of CG in old age
for CKD classification, medication dosing, and predicting
mortality.23–25 As relatively few subjects had GFR <30, we
could not do a separate analysis of this subgroup.

The major strengths of our study are the use of an
age-homogenous cohort to minimize variability of the
clinical findings and the use of home echocardiography.
Previous studies using echocardiography in the oldest
old population examined subjects in the hospital setting
introducing significant bias. The major limitation is the
availability of assessment of renal function in a subset of
the total cohort; however, there is no reason to suppose
that this represents a selected subpopulation. Prevalence of
CKD was in accordance with that reported in the United
Kingdom in subjects over 80 years living in residential care
homes.26 Another limitation is the cross-sectional nature
of the data, which prevents conclusions regarding changes
over time in the variables studied.

Conclusion
Our study did not demonstrate a clear clinically significant
association between reduced GFR and echocardiographic
indices of systolic and diastolic function in a community-
dwelling population of the oldest old. Further study is
necessary to elucidate the mechanisms of cardiorenal
interactions in the oldest old.
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