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ABSTRACT
Objective Heart failure (HF) prevalence rises sharply
among those aged 85 years and over. Previous
population based echocardiographic studies of left
ventricular (LV) dysfunction, the substrate for HF, have
included only small numbers in this age group. We used
domiciliary echocardiography to estimate the prevalence
of LV systolic and diastolic dysfunction in 87e89 year
olds and the proportion remaining undiagnosed.
Design Cross sectional analysis of data from Newcastle
85+ Study.
Setting Primary care, North-East England.
Participants 376 men and women aged 87e89 years.
Measures Domiciliary echocardiography was performed
and LV systolic and diastolic function was graded. The
presence of limiting dyspnoea was assessed by
questionnaire. Previous diagnoses of HF were abstracted
from general practice (GP) records.
Results 32% of participants (119/376) had LV systolic
dysfunction (ejection fraction (EF) #50%) and a further
20% (75/376) had moderate or severe LV diastolic
dysfunction with preserved EF. Both echocardiographic
assessment of LV function and dyspnoea status were
available in 74% (278/376) of participants. Among these
participants, limiting dyspnoea was present in
approximately two thirds of those with significant
(systolic or isolated moderate/severe diastolic) LV
dysfunction. 84% (73/87) of participants with significant
LV dysfunction and limiting dyspnoea did not have a pre-
existing HF diagnosis in their GP records. Overall, 26%
(73/278) of participants with both echocardiographic and
dyspnoea data had undiagnosed, symptomatic,
significant LV dysfunction.
Conclusion Significant systolic and diastolic LV
dysfunction is much commoner in community dwelling
87e89 year olds than previous studies have suggested.
The majority are both symptomatic and undiagnosed.

INTRODUCTION
The prevalence of heart failure (HF) rises sharply
with age due to age associated causative disease,
compounded by age related changes in the cardio-
vascular system that diminish functional reserve1

and comorbidities that are increasingly recognised
to influence the progression of left ventricular (LV)
dysfunction to frank HF.2 People aged 85 years and
over are now the most rapidly increasing age group

worldwide, with current numbers predicted to
double over the next 20 years.3 This demographic
shift, coupled with improved case fatality rates in
acute myocardial infarction and incident HF, has
led to a significant increase in HF prevalence.4 The
burden of HF for both primary and secondary care
will escalate substantially over the next 20 years.5

Little is known about the prevalence of LV
dysfunction in community populations at very old
ages. Most previous studies, including echocardio-
graphic assessment, recruited only small numbers
at 85+ and typically required clinic attendance,
potentially introducing ascertainment bias in
a population who are often frail.
We conducted a study in community dwelling

British people aged 87e89 years, using domiciliary
echocardiography (assessment in the home envi-
ronment using a portable instrument) to determine
the prevalence of LV dysfunction, and its associa-
tion with limiting dyspnoea. We cross referenced
our findings to pre-existing HF diagnoses recorded
in general practice (GP) medical records to estimate
the extent to which symptomatic LV dysfunction
was recognised in this population.

METHODS
The study was nested in the Newcastle 85+ Study,
a population based longitudinal study of health and
ageing in the very old.6 7 People living in Newcastle
or North Tyneside (North-East England) were
recruited at age 85 years through GP patient lists;
those living in institutions and the cognitively
impaired were included. Participants were invited to
participate in this echocardiographic study as part
of their 18 or 36 month follow-up assessment (see
online appendix for further details). The research
complied with the requirements of the Declaration
of Helsinki. Ethics approval was obtained from the
Newcastle and North Tyneside 1 research ethics
committee (reference No 06/Q0905/2).

Echocardiography
Echocardiography was conducted in the home
setting (own home or care home) by a single
experienced echocardiologist who also interpreted
all scans. M mode, two-dimensional and Doppler
echocardiography, including tissue Doppler
measurement of LV long axis velocities, was
performed using a portable instrument (Vivid i
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BT06 with i2 performance package; GE Healthcare, USA). A
standardised protocol was followed which conformed to guide-
lines from the American and British Societies of Echocardiog-
raphy.8 9 LV systolic function was measured using a previously
validated semiquantitative two-dimensional visual approach
incorporating multiple echocardiographic views.10 To facilitate
comparison with earlier studies, in the primary analyses we used
an ejection fraction (EF) cut-off point of 50% or less to define LV
systolic dysfunction, with 40% or less defining moderate/severe
dysfunction. In subsidiary analyses (presented in the online
appendix), LV systolic function was graded as normal (EF 55% or
higher), mild (EF 45e54%), moderate (EF 36e44%) or severe (EF
35% or lower) dysfunction.9

Diastolic function was assessed using an approach similar to
previous studies in general populations, integrating tissue
Doppler imaging of the mitral valve annulus with Doppler
measurements of mitral inflow. Diastolic function was graded as
normal, mild (impaired relaxation), moderate (pseudo-normal
filling) or severe dysfunction (advanced reduction in compli-
ance). We used the E/e9 ratio, E/A ratio and mitral deceleration
time to classify patients in sinus rhythm (table 1). For partici-
pants in atrial fibrillation, we used the E/e9 ratio, E/A ratio and
isovolumic relaxation time11 (table 1).

For participants with borderline values, or in whom the
algorithm was inconclusive, echocardiograms were re-examined
by the echocardiologist and participants either assigned to
a diastolic function grade or deemed unclassifiable. The cut-off
points for the echocardiographic parameters conformed to the
British Society of Echocardiography guidelines for measurement
of diastolic function.9 Participants with paced rhythms or those
in whom all data could not be acquired were considered
unclassifiable. Heart rhythm was determined by contempora-
neous three lead ECG.

We have previously demonstrated the feasibility and inter-
operator reproducibility of this protocol in the domestic setting
in this age group.12 To quantify inter-reader reproducibility, we
randomly subjected 7% of the echocardiograms performed in the
study to independent analysis by a second experienced echo-
cardiologist.

Assessment of dyspnoea
A dyspnoea questionnaire was administered by a research nurse.
Participants were assigned to one of three categories: no limiting
dyspnoea, limiting dyspnoea or unclassifiable. As dyspnoea may
have been due to respiratory disease rather than heart failure, we
conducted a sensitivity analysis excluding participants with

significant intrinsic lung disease. This was identified using the
spirometric criteria of a forced expiratory volume in 1 s of <60%
of the predicted value (for age, sex and height) or a forced vital
capacity <70% of the predicted value. Spirometry was
performed using a MicroLab Spirometer with Spida 5 software
(Micro Medical Ltd, Rochester, UK).

Pre-existing disease
Pre-existing medical diagnoses, as at the Newcastle 85+ Study
baseline phase, were extracted from the GP records by a research
nurse. Incident HF occurring between baseline and the cardiac
assessment was determined by a further record review around
the time of echocardiography. In the UK, patients are registered
with a single GP which acts as a gatekeeper to secondary care
and receives details of all hospital admissions and outpatient
attendances. Review of GP records included hospital correspon-
dence to ensure that all pre-existing diagnoses were extracted,
irrespective of where the diagnosis was made. For ischaemic
heart disease and myocardial infarction, participants without
a diagnosis in the GP records were additionally assigned on the
basis of the presence of relevant Minnesota codes on a 12 lead
ECG; codes commencing 1-1 or 5-1 were used for ischaemic
heart disease and codes commencing 1-1 or 1-2 (except 1-2-6
posterior and 1-2-8 anterior) for myocardial infarction. For dia-
betes mellitus, participants without a diagnosis in the GP
records were additionally assigned on the basis of fasting blood
glucose of 7 mmol/l or higher.7

Methods used for additional data reported can be found in the
online appendix.

Statistical analysis
Normally distributed data are presented as means and SDs and
non-normally distributed data as medians and interquartile
ranges. We excluded missing values from the analysis and
present data on the number of valid responses. Analyses were
performed using Stata V.11.0 (StataCorp 2011 Statistical Soft-
ware: Release 11.0, Stata Corporation).

RESULTS
Recruitment
In total, 528 Newcastle 85+ Study participants were eligible for
the cardiac assessment and 80.9% (427/528) consented to take
part (figure 1; see online appendix for further details). Of the 427
people who consented, echocardiography was conducted in 419.
LV systolic function was quantified by semiquantitative two-
dimensional visual estimate in 95.0% (398/419), and LV diastolic
function was classifiable in 92.1% (386/419). Both systolic and
diastolic LV function was quantified in 89.7% (376/419) of
participants, who formed the sample for the principal analyses.

Sample characteristics
The characteristics of the 376 participants with data on both
systolic and diastolic LV function are presented in table 2. A pre-
existing diagnosis of hypertension was present in 57.5% (216/376)
of participants. Ischaemic heart disease (IHD) was present in
43.8% (163/376) and myocardial infarction (MI) in 19.7% (74/
376); cases were defined as either a pre-existing diagnosis in the GP
medical record or the presence of relevant Minnesota codes on 12
lead ECG (see methods). A high proportion of IHD and MI cases
identified did not have a pre-existing diagnosis in the GP record;
30% (49/163) of IHD cases and 32% (24/74) of MI cases were
identified from the ECG alone. A pre-existing diagnosis of HF was
present in 10.1% (38/376) of participants, atrial fibrillation was

Table 1 Grading scheme for diastolic function

Echo
measurement

Normal
diastolic
function

Mild
diastolic
dysfunction

Moderate
diastolic
dysfunction

Severe
diastolic
dysfunction

Sinus rhythm

E/e9 <10 <10 $10 $10

E/A 1e2 <1 1e2 >2

Mitral DT 150e200 >200 150e200 <150

Atrial fibrillation

E/e9 <10 <10 $10 $10

Mitral DT 150e200 >200 150e200 <150

IVRT 50e100 >100 50e100 <50

E/e9 lateral was used except in the case of a lateral myocardial infarction where septal E/e9

was used.
A, peak late diastolic transmitral flow velocity (cm/s); DT, early filling deceleration time
(ms); E, peak early diastolic transmitral flow velocity (cm/s); e9 , early diastolic annular
velocity (cm/s); IVRT, isovolumic relaxation time (ms).
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present in 19.7% (74/376) and at least one prescribed cardiovas-
cular medication was taken by 67.3% (253/376).

Quality control of echocardiographic measurements
Regarding measurement of left ventricular ejection fraction
(LVEF), a cumulative distribution plot showed close agreement
between the semiquantitative two-dimensional visual estimate,
which had fewest missing values, and other methods of
measuring LV systolic function (Simpson’s biplane, M mode and
16 segment wall motion score) (see supplementary figure 1 in the
online appendix). Agreement between the two experienced
analysts in the reproducibility study was good. For LVEF, the
correlation coefficient was 0.978 (p<0.0001), and using
a BlandeAltman approach, the mean difference between analysts
was 0.10% with 95% limits of agreement of �6.48 to +6.27%. For
the E/e9 ratio, the correlation coefficient was 0.989 (p<0.0001),
and using a BlandeAltman approach, the mean difference was
0.11 with 95% limits of agreement of �1.30 to +1.53.

LV function
The prevalence of LV systolic dysfunction (EF 50% or less) was
31.6% (119/376) and for moderate/severe systolic dysfunction
(EF 40% or less) 9.0% (34/376) (table 3). In 87.4% (104/119) of
those with LV systolic dysfunction, a degree of LV diastolic
dysfunction was also present. LV diastolic dysfunction was
found in 88.3% (332/376) of participants; in two-thirds of these
it was graded as ‘mild’. As the normal ranges for diastolic
function parameters are not accurately defined at very old ages,
it is unclear whether the observation of ‘mild’ diastolic
dysfunction at this age represents pathological change or is
simply part of normal ageing. We therefore focused on moderate
or severe LV diastolic dysfunction, the prognostic importance of
which has been shown.13 Moderate LV diastolic dysfunction
was present in 25.0% (94/376) of participants and severe
dysfunction in 5.9% (22/376). Isolated moderate diastolic
dysfunction (ie, with LVEF >50%) was present in 17.3% (65/
376), and isolated severe diastolic dysfunction in 2.7% (10/376).

In total, just over half of all participants (51.6%, 194/376) had
LV systolic or isolated moderate/severe diastolic dysfunction.

LV dysfunction and limiting dyspnoea
Classifiable dyspnoea data were available in 73.9% (278/376) of
echocardiographically characterised participants. Dyspnoea
status could not be assigned in 98 participants. This was chiefly
due to their uncertainty as to whether dyspnoea limited activity
owing to the presence of other limiting conditions (eg, arthritis).
Levels of echocardiographically assessed LV function and pre-
existing HF diagnoses were broadly comparable between those
with and without dyspnoea status. Of those with significant
(defined as systolic or isolated moderate/severe diastolic) LV
dysfunction, 62.1% (87/140) had limiting dyspnoea. The
proportion was very similar among participants with systolic
(63.3%, 57/90) and with isolated moderate/severe diastolic
dysfunction (60.0%, 30/50). Overall, 20.5% (57/278) of

Figure 1 Flowchart for sample recruitment.

Table 2 Characteristics of 376 participants in whom both left
ventricular systolic and diastolic function were classified*

Age (years) (mean (SD); range) 87.9 (0.4); 87.0e88.9

Female 62.0 (233)

Ethnic origindwhite 99.5 (374)

Institutional care 5.3 (20)

Heart failure 10.1 (38)

Hypertension 57.5 (216)

Ischaemic heart disease 43.8 (163)

Myocardial infarction 19.7 (74)

Cerebrovascular disease 18.6 (70)

Stroke 9.8 (37)

Peripheral vascular disease 5.3 (20)

Atrial fibrillation 19.7 (74)

Diabetes mellitus 12.5 (47)

Haemoglobin <10 g/dl 1.1 (4)

Severe renal impairment (estimated glomerular
filtration rate <30 ml/min/1.73 m2)

2.7 (10)

Cognitive impairment (Mini-Mental State
Examination Score #21)

4.6 (17)

Chronic disease count (median (IQR)) 5 (3e6)

On any prescribed cardiac medications 67.3 (253)

No of prescribed cardiovascular
medications (median (IQR))

1 (0e2)

Smoking status

Current smoker 5.3 (20)

Former regular smoker 50.1 (188)

Former occasional smoker 5.6 (21)

Never smoked 38.9 (146)

Obese (body mass index >30 kg/m2) 10.0 (37)

*All data are % (n) except where specified. Denominators vary due to missing values.

Table 3 Left ventricular systolic function cross tabulated with diastolic
function*

LV systolic function

EF >50%
EF >40%
but £50% EF £40%

% (n) % (n) % (n)

LV diastolic function

Normal 7.7 (29) 2.7 (10) 1.3 (5)

Mild dysfunction 40.7 (153) 12.8 (48) 4.0 (15)

Moderate dysfunction 17.3 (65) 5.1 (19) 2.7 (10)

Severe dysfunction 2.7 (10) 2.1 (8) 1.1 (4)

*Denominator for each cell is 376dthat is, the total number of participants in whom both
systolic and diastolic function was quantified.
EF, ejection fraction; LV, left ventricular.
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participants had LV systolic dysfunction with limiting dysp-
noea, and 10.8% (30/278) had isolated moderate/severe LV dia-
stolic dysfunction with limiting dyspnoea.

Valvular heart disease
Significant valvular heart disease was uncommon. Moderate
aortic stenosis was found in 1.9% (7/362) of participants, severe
aortic stenosis in 0.3% (1/362), moderate aortic regurgitation in
5.3% (19/362), moderate mitral stenosis in 0.3% (1/356) and
moderate mitral regurgitation in 6.4% (23/357). One participant
had a prosthetic aortic valve.

Comparison of echocardiographic findings with pre-existing HF
diagnoses in GP records
The majority of participants with significant (systolic or isolated
moderate/severe diastolic) LV dysfunction and limiting dyspnoea
had no diagnosis of HF in the GP records: 80.7% (46/57) for
systolic dysfunction, 90.0% (27/30) for isolated moderate/severe
diastolic dysfunction and 83.9% (73/87) for the combination of
either systolic or isolated moderate/severe diastolic dysfunction.
A pre-existing HF diagnosis was present in the GP records in
10.1% (38/376) of participants: of these, 55.3% (21/38)
had echocardiographic evidence of LV systolic dysfunction; 10.5%
(4/38) had isolated moderate/severe LV diastolic dysfunction;
26.3% (10/38) had isolated mild diastolic dysfunction; and 7.9%
(3/38) had no evidence of systolic or isolated diastolic LV
dysfunction, or of significant valvular disease.

Overall, around a quarter (26.3%, 73/278) of participants had
undiagnosed systolic or isolated moderate/severe diastolic LV
dysfunction accompanied by limiting dyspnoea; 63% (46/73) of
these had systolic dysfunction. An additional 17.3% (48/278)
had undiagnosed systolic or isolated moderate/severe diastolic
LV dysfunction without limiting dyspnoea; 58% (28/48) of these
had systolic dysfunction.

Exclusion of cases with significant intrinsic lung disease
Spirometric criteria for significant intrinsic lung disease were
met by 9.6% (36/376) of participants; an additional 1.3% (5/376)
did not have spirometry data. A sensitivity analysis was
conducted excluding these cases. Prevalence rates for LV systolic
and diastolic dysfunction, symptomatic dysfunction and levels
of undiagnosed dysfunction all matched to within 2% of the
figures reported for the whole sample (data not shown).

DISCUSSION
This study provides estimates of the prevalence of LV dysfunc-
tion in a large community sample of very old British people, its
relationship with limiting dyspnoea and the extent to which its
presence is recognised in the UK National Health Service. We
found that around half of 87e89 year olds had LV systolic
dysfunction or isolated moderate/severe diastolic dysfunction.
Nearly two-thirds of these people had limiting dyspnoea. Over
80% of those with symptomatic significant LV dysfunction
remained undiagnosed. A pre-existing diagnosis of HF was
present in 10% of participants, and in just over a third of these
no echocardiographic evidence of significant systolic or diastolic
LV dysfunction or severe valve disease was found.

LV systolic dysfunction underlies the majority of HF (termed
HF-REF) at younger ages, however the importance of HF with
a preserved LVEF (HF-PEF) is increasingly recognised in older age
groups. Numerous studies have shown that the proportion of
HF patients who have a normal or near normal EF increases
with age and HF-PEF is responsible for approximately 50% of HF

cases over the age of 70 years.14 15 In comparison with HF-REF
patients, those with HF-PEF are more likely to be female, more
likely to have multiple comorbid conditions, particularly
hypertension and diabetes, and less likely to have coronary
artery disease.14 16 The underlying pathophysiology of HF-PEF is
much debated and involves complex mechanical and metabolic
abnormalities of ventricular function.17 18 While not the only
contributory cause of HF-PEF, LV diastolic dysfunction is an
important component.15 19 Our study is among the first to
incorporate detailed measurement of both systolic and diastolic
function in the home setting in a cohort of the very old.
Almost all previous population based studies of LV dysfunc-

tion have recruited small numbers aged over 85 years. Our data
indicate a substantially higher prevalence of LV dysfunction
than previous studies involving ‘younger old’ people and most of
the few studies including the very old. We attribute this to our
inclusive recruitment strategy, the domiciliary approach and the
advanced age of our sample. The prevalence of LV systolic
dysfunction in our population (32% with LVEF 50% or less, 9%
with LVEF 40% or less) was more than twice that of most
previous studies (see supplementary table S2 in the online
appendix). For example, the Olmsted County study10 (n¼298,
aged 75+ years) found that 13% had an EF of 50% or less and 4%
of 40% or less; the Belfrail Study20 (n¼556, aged 80+ years)
found 6% with an EF of 50% or less and 2% with an EF of 40% or
less; the UK ECHOES study21 (n¼66, aged 85+ years) found
17% with an EF of 50% or less and 3% with an EF less than 40%;
and the Leiden 85-Plus Study (n¼81, aged 90 years) found 9%
with an EF of <50%.22 The Leiden study highlights the selection
bias introduced by hospital based assessment in the very old;
only 30% of those eligible were able to attend hospital for
echocardiographic assessment and those who attended were
significantly healthier than those who could not.22 Our findings
are comparable to the recently reported Jerusalem study (n¼450,
aged 85 years) which reported 44% with EF less than 55% and
14% with EF less than 45%.23 The prevalence of severe systolic
dysfunction in our study is also broadly comparable with
previous studies by Raymond et al24 and the Rotterdam study
group,25 both of which focused on more severe systolic
dysfunction.
It is likely that coronary artery disease is a major contributor

to the high prevalence of LV systolic dysfunction that we
observed. MI (defined by a pre-existing diagnosis in the GP
records or Minnesota coded ECG) was significantly commoner
in those with LV systolic dysfunction than in those without
(30.3% vs 14.8%; p<0.001). Moreover, 32% of MI cases were
identified on the ECG alone (ie, did not have a pre-existing GP
diagnosis). Previous data from the Rotterdam study supports the
notion that unrecognised MI is an important long term risk for
the development of HF in older people.26 As we did not specif-
ically explore regional wall motion abnormalities among those
with preserved LVEF, it is possible that we may have somewhat
underestimated the prevalence of mild abnormalities of LV
systolic function. Nevertheless, our observation that among
those with both biplane and semiquantitative measured LVEF
>50%, only two people had a Wall Motion Score Index >1.25
(equivalent to two akinetic segments of the 16 segment Wall
Motion Score Index), suggests that any such underestimate is
slight. Differences in blood pressure even within the ‘normal
range’ are associated with incident HF.27 Perhaps surprisingly, we
did not observe an association between a previous GP diagnosis
of hypertension and LV systolic dysfunction (p¼0.713); our
previous observation that hypertension is substantially under-
diagnosed in our cohort may account for this finding.7
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Comparison of the prevalence of LV diastolic dysfunction
between our study and previous investigations is complicated by
differences in the grading schemes used. While the general
approach is similar across studies, specific criteria and cut-off
points vary widely.10 15 28 29 To address this issue we also
analysed our diastolic function data using the scheme imple-
mented by Bursi et al in the Olmsted County study.15 Although
a smaller number of participants could be classified using the
approach of Bursi et al, the proportion of classifiable participants
with moderate or severe diastolic dysfunction was very similar
to that yielded by our approach (30.9% vs 31.0%). Notwith-
standing the difficulties inherent in between study comparisons,
we found a prevalence of LV diastolic dysfunction (31% for
moderate/severe dysfunction and 20% for isolated moderate/
severe dysfunction) that was substantially higher than most
previous studies (see supplementary table S2 in the online
appendix). For example, among those aged 75 years and above in
the Olmsted County study,10 moderate or severe LV diastolic
dysfunction was about half as common as in our sample. Only
the Canberra Heart Study28 (n¼118 aged 80e86 years) and the
Belfrail Study20 (n¼458, aged 80+ years) have reported the
prevalence of isolated LV diastolic dysfunction in the very old;
the Canberra study found 11% with isolated moderate/severe
dysfunction and the Belfrail Study found 3% with isolated
severe dysfunction. Our cross sectional results, in a large sample
of the very old, support the data from prospective studies in
younger cohorts13 indicating that progressive deterioration in
diastolic function is part of biological ageing and is likely to
contribute significantly to the substrate for the development of
HF with preserved ejection fraction (HF-PEF). The biological
processes underlying these observations require further study.

We found a high prevalence of significant LV dysfunction
accompanied by limiting dyspnoea in the very old, the majority
of which was undiagnosed. These findings were robust to
adjustment for significant intrinsic lung disease defined by
spirometric criteria. We did not adjust for other potential causes
of dyspnoea (eg, severe anaemia or renal impairment) as such
conditions were rare among our participants. While some prev-
alence studies have defined HF as LV dysfunction plus dysp-
noea,21 30 we are conscious that we did not apply Framingham
or similar criteria for the diagnosis of HF. Our category of
symptomatic LV dysfunction should therefore not be considered
as equivalent to HF. Nevertheless, approximately 25% of our
participants had undiagnosed LV systolic dysfunction poten-
tially amenable to therapies known to prolong survival and
enhance quality of life.31e33 The importance of preventing the
progression of asymptomatic LV systolic dysfunction to HF is
well recognised.2 13 31 34 However, no therapy has been proven
to be effective in preventing the progression of preclinical dia-
stolic dysfunction to HF-PEF, or indeed in improving outcomes
in established HF-PEF.35

The strengths of this study include its population based
sample, which included both the institutionalised and cognitively
impaireddexcluded from many previous studies in this age
group21 24 36 37dand its domiciliary echocardiographic approach.
We have previously shown that up to 50% of very old people
would be unwilling to participate in a study requiring hospital
attendance,6 and hospital based echocardiography assessment is
known to introduce selection bias in this age group.22 The
Newcastle 85+ Study cohort was sociodemographically repre-
sentative of the local population, and of England and Wales,
including the proportion in care homes.7 38 Rather than rely on
self-reported diagnoses, which are known to be unreliable at this
age,39 we ascertained disease diagnoses from GP records.

Some limitations merit comment. We did not assign or validate
HF diagnoses using Framingham or other criteria. Isovolumic
relaxation time, used in our classification of diastolic function in
atrial fibrillation, is known to be difficult to measure precisely. Of
note, it was used to assign only 22 participants and the principal
conclusions of the study remain unchanged if those participants
are removed. The methodological challenges of accurate
measurement of left atrial volume, Valsalva manoeuvres and
pulmonary venous flow (variably incorporated into the diastolic
function classification schemes in previous studies) precluded
their use in this domiciliary study of very old people. Participants
in this study cannot be considered a random sample of the very
old population; they had elected to participate in the Newcastle
85+ Study and made a subsequent additional commitment to
undergo cardiac assessment. It is therefore possible that study
participants were in somewhat better health than the general
population of the very old; we may therefore underestimate the
true prevalence of LV dysfunction. Our population was of over-
whelmingly white ethnicity and British origin, and although
representative of the very old in the UK,38 may not be typical of
people of this age in other parts of the world.

CONCLUSIONS
LV systolic dysfunction and isolated moderate/severe diastolic
dysfunction were very common in 87e89 year olds; the majority
of those affected had limiting dyspnoea. Over 80% of symp-
tomatic significant LV dysfunction remained undetected.
Further studies are needed to determine the optimal approach to
identifying very old people with or at risk of HF.
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SUPPLEMENTARY METHODS 

Sample recruitment 

This study was nested in the Newcastle 85+ Study.
1,2

 At baseline the study cohort was socio-

demographically representative of the local population, and of England and Wales, including the proportion 

in care homes.
2,3

 Following baseline assessment (Phase 1: 2006-7, n=854), Newcastle 85+ Study 

participants were re-assessed at 18 months (Phase 2: 2007-9, n=631) and again at 36 months (Phase 3: 2009-

10, n=484). Loss between phases 1 and 3 was mainly due to deaths (62.7%, 232/370) with the remainder 

due to drop out. All Phase 2 core study participants re-contacted after 1
st
 May 2008 (n=397) were eligible 

for this cardiac study and recruitment was continued into Phase 3 for those not invited in Phase 2 (n=131). 

In total, 528 Newcastle 85+ Study participants were eligible for the cardiac assessment and 80.9% (427/528) 

took part.  

Pre-existing diagnoses of ischaemic heart disease and cerebrovascular disease  

Ischaemic heart disease was determined from the following diagnoses/interventions recorded in the general 

practice medical records: angina, myocardial infarction, coronary artery bypass grafts, coronary angioplasty 

or coronary stent. In addition, participants without a diagnosis in the general practice records could be 

assigned on the basis of a 12 lead electrocardiogram with Minnesota codes commencing 1-1 or 5-1. 

Cerebrovascular disease was determined from the following diagnoses/interventions recorded in the general 

practice records: stroke, transient ischaemic attack or carotid endarterectomy.  

Chronic disease count 

Eighteen chronic diseases were included in the disease count: hypertension; ischaemic heart disease; 

cerebrovascular disease; peripheral vascular disease; heart failure; atrial fibrillation; arthritis; osteoporosis; 

chronic obstructive pulmonary disease or asthma; other respiratory disease; diabetes mellitus; thyroid 

disease; cancer (within last 5 years) excluding non-melanoma skin cancer; eye disease; dementia; 

Parkinson's Disease; anaemia; and renal impairment. For ischaemic heart disease, diabetes, and thyroid 

disease, presence was defined as a diagnosis either in general practice records or from 



electrocardiogram/blood test.
2
 Atrial fibrillation was determined by 3 lead electrocardiogram, renal 

impairment by an estimated glomerular filtration rate of less than 30 ml/min/1.73m
2 

(Modification of Diet in 

Renal Disease formula
4
, and anaemia by World Health Organisation haemoglobin cut points of less than 

13g/dl for men and 12g/dl for women
5
. For all other diseases, presence was taken from record review data 

alone. For heart failure, atrial fibrillation, anaemia and renal impairment, disease status was determined at 

the time of the cardiac assessment with other diseases determined at the Newcastle 85+ Study baseline 

phase.  

Other data reported 

Contemporaneous with the cardiac assessment, data on prescribed medication was extracted from the 

general practice records and directly from review of participants’ medication.  At the Newcastle 85+ Study 

baseline phase, cognitive status was assessed using the standardised mini-mental state examination
6
; body 

mass index was calculated from measured weight and height (derived from demi-span); and ethnicity, 

place of residence and smoking status (current smoker, ex-smoker, never) were obtained by self-report.  

 

 



SUPPLEMENTARY FIGURE 1: Cumulative distribution plot of LV ejection fraction measured by 

Simpson’s biplane volumetric method, 16-segment wall motion score index, M-mode, and semi-

quantitative 2-D visual estimate  

  

The maximum possible LVEF by wall motion score index was 60% and by semi-quantitative 2-D visual 

estimate greater than 55%. M-mode and Simpson’s biplane are quantitative throughout the range of LVEF.   



SUPPLEMENTARY TABLE S1: Left ventricular systolic function cross-tabulated with diastolic function
1
- alternative systolic function grading 

scheme 

  

LV SYSTOLIC DYSFUNCTION 

NORMAL 
FUNCTION 

MILD 
DYSFUNCTION 

MODERATE 
DYSFUNCTION 

SEVERE 
DYSFUNCTION 

EF ≥55%  EF 45-54%  EF 36-44%  EF ≤35% 

% (n) % (n) % (n) % (n) 

LV 
DIASTOLIC 
FUNCTION 

NORMAL FUNCTION 5.6 (21) 3.7 (14) 1.9 (7) 0.5 (2) 

     MILD DYSFUNCTION 31.6 (119) 16.8 (63) 8.2 (31) 0.8 (3) 

     MODERATE DYSFUNCTION 12.8 (48) 7.2 (27) 4.5 (17) 0.5 (2) 

     SEVERE DYSFUNCTION 1.6 (6) 2.4 (9) 1.3 (5) 0.5 (2) 
 

1Denominator for each cell is 376 i.e. the total number of participants in whom both systolic and diastolic function was quantified 

 



SUPPLEMENTARY TABLE S2: Comparison of Newcastle 85+ Study with previous studies of LV systolic and diastolic dysfunction in older age 

groups; findings shown for age group closest to Newcastle sample in those studies recruiting from a wider age range 

 

Study number in older age group age range (years) Findings

Newcastle 85+ Study 376 87-89 Ejection fraction (EF) less than 55% = 48% ; EF 50% or less = 32%;  EF less than 45% = 18%;  EF 40% or less = 9% 

Predictor Study7 713 75-84 EF less than 50%: men =8%, women= 2%; EF less than 40%: men= 5%, women= 1%.

Cardiovascular Health Study8 689 80+ EF less than 45% = 6%

Belfrail Study9 556 80+ EF 50% or less=6%; EF 40% or less=2%

Helsinki Ageing Study10 501 75-86 Systolic dysfunction (defined by fractional shortening of less than 0.25) = 11% 

Jerusalem Study11 450 85 EF less than 55% = 44%; EF less than 45% = 14% 

Olmsted County Study12 298 75+ EF 50% or less = 13%; EF 40% or less = 4% 

Raymond et al13 129 80-89 EF 40% or less: men = 17%, for women = 4%

Canberra Heart Study14 118 80-86  EF 50% or less = 14%; EF 40% or less = 4%

Leiden 85-Plus Study15 81 90 EF less than 50% = 9%

Poole Study16 73 80-84 Mild, moderate or severe systolic dysfunction (by qualitative assessment)= 12% 

UK ECHOES Study17 66 85+ EF 50% or less = 17%; EF less than 40% = 3%

Rotterdam Study18 29 85-94 EF 42.5% or less = 10%

Study number in older age group age range (years) Findings

Newcastle 85+ Study 376 87-89 

Mild/moderate/severe diastolic dysfunction = 88%; moderate/severe dysfunction = 31%;  isolated mild/moderate/severe 

dysfunction = 61%; isolated moderate/severe dysfunction = 20%

Predictor Study 713 75-84 Mild/moderate/severe diastolic dysfunction: men=64%, women=59%; moderate/severe dysfunction: men=11%, women=7%  

Belfrail Study 458 80+ Isolated mild, moderate, severe diastolic dysfunction 51%; isolated severe diastolic dysfunction 3%

Jerusalem Study 450 85 Severe diastolic dysfunction = 20%

Olmsted County Study 298 75+ Mild/moderate/severe diastolic dysfunction = 71%; moderate/severe dysfunction = 18%

Canberra Heart Study19 118 80-86  

Mild/moderate/severe diastolic dysfunction = 64%; moderate/severe dysfunction = 14%; isolated mild/moderate/severe 

diastolic dysfunction = 47%; isolated moderate/severe dysfunction = 11%.

Asturias Study20 20 80+ Mild/moderate/severe diastolic dysfunction = 78%

DIASTOLIC DYSFUNCTION

SYSTOLIC DYSFUNCTION
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