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Abstract 

Background: although frequently used in the assessment of patients with falls, it is unclear whether 24-hour ambulatory
electrocardiography contributes to their assessment in older persons. 
Objective: to identify electrocardiographic abnormalities in patients with recurrent falls and case controls, and determine
whether 24-hour ambulatory electrocardiography identifies causal arrhythmias for falls. 
Design: prospective case–control study. 
Methods: 24-hour ambulatory electrocardiography recordings were compared for the type and prevalence of arrhythmias and
symptom correlation in consecutive older subjects with recurrent falls attending the accident and emergency department and in case
controls (no previous falls or syncope). ECG abnormalities were categorised as major (ventricular arrhythmia, pauses, <30b.p.m.,
Mobitz II, complete heart block) and minor (multiple ectopics, paroxysmal atrial arrhythmia and other bradyarrhythmias). 
Results: 128 fallers (76 ± 6 years) and 100 case controls (75 ± 5 years) were recruited. Co-medication and co-morbidity were
similar in both groups. 49% (63) of recordings in fallers and 41% (41) of recordings in controls were abnormal. There was no
difference between groups in the prevalence of major or minor abnormalities or of symptoms during recording (breathless-
ness, fatigue, chest pain and dizziness). Palpitations occurred in 10% of fallers and 13% of controls. One patient fell during
monitoring with no associated rhythm abnormality. 
Conclusion: multiple abnormalities are present on 24-hour ambulatory electrocardiography in older people whether or not
they have experienced falls. 24-hour electrocardiography does not discriminate between fallers and non-fallers and is not
helpful in the investigation of recurrent falls. 
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Introduction 

Falls are a major health care issue in older people. Thirty per
cent of those aged over 65 years and 45% over 75 years will
have at least one fall per year [1]. Recurrent falls are associ-
ated with higher mortality and morbidity, in particular loss
of confidence and independence, a reduction in physical
function and earlier admission to long-term institutional care
[2–4]. The cause of falls is usually multifactorial. Recognised
risk factors include environmental hazards, multiple and
culprit medications, gait and balance abnormalities, visual

impairment and a variety of cardiovascular disorders includ-
ing cardiac arrhythmias, carotid sinus hypersensitivity, ortho-
static hypotension and vasovagal hypersensitivity [5]. 

The symptoms of falls and syncope overlap in older
adults [6]. One explanation for this is amnesia for loss of
consciousness. As up to 40% of events are unwitnessed,
patients may describe falls rather than syncope. Given this
overlap, 24-hour ambulatory electrocardiography may be
used in the investigation of falls, and assessment of cardio-
vascular status including heart rate and rhythm is recom-
mended in falls prevention guidelines [7]. Ambulatory
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monitoring is not specifically recommended, but our study
was prompted by a 3-month audit at an inner city teaching
hospital, which found that 30% of requests for 24–48-hour
ambulatory electrocardiography were for the indication of
‘falls’ [8]. However, there is little evidence to support the
use of prolonged rate monitoring. Even in recurrent syn-
cope, the evidence for diagnostic benefit is sparse; only 5%
of patients had correlation of symptoms with arrhythmia in
an overview of eight studies of ambulatory electrocardio-
graphy in syncope [9]. Our objectives were to determine
whether there were differences in 24-hour ambulatory elec-
trocardiography recordings in patients with falls compared
with case controls, and whether identified electrocardio-
graphic abnormalities were associated with falls. 

Subjects and methods 

We recruited patients aged 65 years or over who presented
to the accident and emergency department with a fall or fall-
related injury, and had sustained an additional fall in the
preceding 12 months. Patients were excluded if they were
cognitively impaired (MMSE < 24) [10], had more than one
previous syncopal episode, or had a medical explanation for
their fall i.e. acute myocardial infarction, stroke, epilepsy,
hypoglycaemia. 

Case controls were matched for age and sex, but had no
history of a fall in the preceding 3 years or any previous
syncope. They were recruited from general practice popula-
tions in the same catchment as cases in response to adver-
tisements for study volunteers. 

The study was approved by the local regional ethics
committee. 

Clinical evaluation 

After informed consent, all subjects received a detailed eval-
uation of medical and drug history and full cardiovascular
examination. Co-morbidities such as hypertension and dia-
betes were defined by standardised diagnostic criteria, and
their presence determined from medical history corrobo-
rated by general practice records. Ischaemic heart disease
was recorded if the subject had a history of previous myo-
cardial infarction, current or previous angina. Atrial fibrilla-
tion was confirmed with 12-lead electrocardiogram. The
fallers group underwent additional assessments as part of a
separately reported falls prevention study [11]. 

Both groups were fitted with a dual-channel, 24-hour
ambulatory electrocardiogram recorder (Del Mar 456A) and
instructed in using a diary sheet to record symptoms and
activities during the recording period. Subjects detailed the
time, circumstances and symptoms associated with any falls
during the recording period. Tapes were analysed using an
electrocardiogram scanner (Del Mar Accuplus 363). Elec-
trocardiographic abnormalities detected by the scanner
were printed and examined by a technician blinded to sub-
ject group. The type and duration of arrhythmia was
assessed and recorded as detailed below. 

Electrocardiographic abnormalities 

Electrocardiographic abnormalities identified were catego-
rised using published criteria [12]. 

Major abnormalities were defined as (i) ventricular tachy-
cardia of three or more consecutive premature ventricular
beats, (ii) sinus or ventricular pauses of two or more sec-
onds, (iii) bradycardia with a heart rate of less than 30 beats
per minute, (iv) Mobitz Type II atrioventricular block, (v)
complete heart block. 

Minor abnormalities were defined as (i) multiple ven-
tricular ectopic beats at a rate of 30 or more premature beats
per hour, (ii) paroxysmal supraventricular tachycardia for 10
or more beats at a rate of 150 beats per minute or more,
(iii) bradycardia with a heart rate of 30–39 beats per minute,
(iv) Mobitz Type I heart block, (v) paroxysmal atrial fibrillation
or flutter. 

For any identified electrocardiographic abnormalities,
association with symptoms was determined by correlating
symptom diary reports with timing of identified rhythm dis-
turbance and by questioning patients. If the subject experi-
enced symptoms during the ambulatory monitoring period,
the corresponding electrocardiographic trace was additionally
examined. 

Statistical analysis 

Differences between the baseline characteristics of the fall-
ers and controls were analysed using independent samples
t-test for continuous variables and Fisher’s exact test for
categorical variables. Abnormalities identified were catego-
rised as discrete variables and P values calculated using
Fisher’s exact test. Ninety-five per cent confidence intervals
(CI) were calculated for relative risks when applicable. Anal-
ysis was performed using Statistical Package for the Social
Sciences (SPSS) version 10. 

Results 

24-hour ambulatory electrocardiographic recordings were
obtained from 128 cases and 100 age- and sex-matched con-
trols; 112 subjects volunteered to be controls. Twelve were
excluded as they were either under the age of 65 years, or
had a previous history of falls or syncope. 

Table 1 details the baseline clinical characteristics of the
two groups. The mean age of subjects with recurrent falls was

Table 1. Baseline characteristics of fallers and control
subjects 

Independent t-test used for continuous variables, Fisher’s exact test for
categorical variables. 

 
Fallers 
(n = 128) 

Controls 
(n = 100) P value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . .

Mean (SD) age 76.8 (6.2) 75.3 (5.5) 0.065 
No. (%) male 42 (33) 41 (41) 0.215 
Co-morbidity    

No. (%) with ischaemic heart disease 35 (27) 19 (19) 0.160 
No. (%) with atrial fibrillation 9 (7) 4 (4) 0.398 
No. (%) with hypertension 47 (37) 23 (23) 0.030 
No. (%) with diabetes 18 (14) 5 (5) 0.027 

Medications    
No. (%) taking beta-blockers 26 (20) 14 (14) 0.225 
No. (%) taking calcium antagonists 26 (20) 12 (12) 0.109 
No. (%) taking atrioventricular-

conduction slowing agents 
4 (3) 2 (2) 0.698 

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article-abstract/34/4/382/10579 by Periodicals D

epartm
ent, The Library, Trinity C

ollege D
ublin user on 14 August 2019



J. Davison et al.

384

76.8 years (±6.2) compared with 75.3 years (±5.5) in the case
controls (P=0.065). Fallers were more likely to have hyper-
tension (47 subjects (37%) versus 23 (23%), odds ratio (OR)
1.6 (95% CI 1.0–2.4)) and diabetes (18 (14%) versus 5 (5%),
OR 2.8 (95% CI 1.1–7.3)). Otherwise, the clinical characteris-
tics of groups were similar. The median number of falls in the
previous year in the recurrent fallers was three (range 2–50). 

Symptoms 

Mild symptoms occurred in 13 (10%) fallers and 13 (13%)
controls, OR 0.8 (95% CI 0.4–1.6). These symptoms
included breathlessness in 4 (3%) fallers and 7 (7%) controls,
fatigue in 1 faller (1%) and 3 (3%) controls, chest pain 3 (2%)
versus 2 (2%), dizziness in 6 fallers and palpitations in 5 con-
trols. In one control patient, palpitations correlated with a
short run of supraventricular tachycardia (maximally 14 beats).
In one faller, an episode of dizziness was associated with
multiple ventricular ectopic beats. No other symptoms corre-
lated with electrocardiographic abnormalities. 

Abnormalities identified 

There was no difference between the mean heart rates: 70.2
(±9.6) in the fallers and 71.8 (±8.8) in controls, P =0.198. 

At least one electrocardiographic abnormality was iden-
tified in 63 (49%) of recordings in fallers and 41 (41%) of
controls, OR 1.2 (0.9–1.6). 

The prevalence of different abnormalities did not differ
between fallers and controls as detailed in Table 2. No
patients had bradycardia of less than 30 beats per minute or
complete heart block. 

One case subject fell during monitoring. No electrocar-
diographic abnormalities were detected at the time of the
fall. None of the control group fell during recording. 

Discussion 

24-hour ambulatory electrocardiography is frequently used
in the investigation of falls in our hospital [8], yet even in

subjects with a history of recurrent falls, no causative
arrhythmias were identified by traditional ambulatory
recording in our study. 

We identified a high frequency of cardiac rhythm abnor-
malities in both fallers and case controls. This concurs with
previous studies in healthy asymptomatic older persons, and
in those with evidence of cardiac disease [13–24]. Previous
studies have examined heterogeneous populations including
independent community-dwelling older subjects with evidence
of cardiovascular disease, hypertension, diabetes and taking
cardioactive medication [13, 14, 16]. Our sample was similar
in the heterogeneity of co-morbidity. Others have excluded
patients with co-morbidities, and may therefore have exam-
ined a less representative sample of the community, but
have still shown a high prevalence of arrhythmia [22, 25].
The commonest abnormalities identified in healthy older
people are frequent premature ventricular and supraven-
tricular ectopic beats, with sinus pauses and AV block
occurring rarely [14, 18, 19, 22, 25]. The prevalence of these
and other rhythm abnormalities was similar in our study to
previous reports [14, 18, 22]. 

As our control subjects were recruited as volunteers from
a community sample, there may have been selection biases,
which could have led to over- or under-representation of
co-morbidities. There was a trend to greater co-morbidity,
significantly so for diabetes and hypertension, and higher car-
dioactive medication use in the fallers. The fallers may there-
fore have been a frailer group, but this did not translate to a
higher prevalence of identified rhythm abnormalities. The
study was not powered for the small difference in abnormali-
ties observed; with 128 cases and 100 controls there was 80%
power to detect a difference in abnormality rates of 20%
assuming a significance level of 5%. 24-hour ambulatory elec-
trocardiography monitoring is frequently included in the
investigation of syncope, particularly in those with evidence
of heart disease [9]. The diagnostic yield of ambulatory moni-
toring in subjects with syncope or dizziness varies widely,
with arrhythmias detected in between 4 and 64% of record-
ings [26, 27]. However, a rhythm symptom correlation is
made in only 4% of subjects [9]. Thus, the majority of
arrhythmias detected do not correlate with symptoms. 

There are no previous prospective case–control studies
examining the utility of 24-hour ECG specifically in com-
munity-dwelling fallers. In institutionalised older persons,
there were no differences in ambulatory monitoring findings
between 51 fallers and 27 non-fallers, where the prevalence of
cardiovascular disease was nearly 80%, much higher than our
group [28]. In a series of 28 subjects presenting with a history
of episodic, diffuse cerebral symptoms or unexpected falls,
eight had arrhythmias known to be capable of causing symp-
toms [24]. However, only one subject had symptoms during
24-hour ambulatory electrocardiography monitoring. When
17 of the symptomatic subjects were compared with 17
asymptomatic age- and sex-matched controls, no differences
were evident in the prevalence of identified arrhythmias.
Gordon et al. [29] examined 59 patients living in a geriatric
residential setting presenting with falls, dizziness or syncope.
In 12 patients who had fallen, cardiac arrhythmias were
reported to have been contributory, but in only two of these

Table 2. Abnormalities identified on 24-hour ambulatory
electrocardiography 

aFor comparisons where relative risks cannot be calculated, probabilities have
been determined using Fisher’s exact test.

 
Fallers 
(n = 128) 

Controls 
(n = 100) 

Relative risk 
(95% CI) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Any abnormality 63 (49%) 41 (41%) 1.2 (0.9–1.6) 
Major abnormalities    
Pauses ≥ 2 seconds 8 (6%) 8 (8%) 0.8 (0.3–2.0) 
Ventricular tachycardia 

≥ 3 beats 5 (4%) 3 (3%) 1.3 (0.3–5.3) 
Mobitz II heart block 1 (1%) 0 (0%) 1.00a 
Bradycardia < 30 b.p.m. 0 (0%) 1 (1%) 0.44a 
Complete heart block 0 (0%) 0 (0%)  
Minor abnormalities    
Bradycardia 30–39 b.p.m. 11 (9%) 5 (5%) 1.7 (0.6–4.8) 
Paroxysmal supraventricular 

tachycardia ≥ 10 beats at 
a rate ≥ 150 b.p.m. 13 (10%) 13 (13%) 0.8 (0.4–1.6) 

Ventricular ectopy ≥ 30 beats/h 43 (34%) 24 (24%) 1.4 (0.9–2.1) 
Paroxysmal atrial fibrillation 6 (5%) 4 (4%) 1.2 (0.3–4.0) 
Mobitz I heart block 0 (0%) 0 (0%)  
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cases was the ECG diagnostic. More recently, a review of
older patients with atrial fibrillation and falls did not recom-
mend ambulatory ECG monitoring due to lack of symptom–
rhythm correlation, and suggested long-term ambulatory
monitoring with external or internal event recorders [30].
Thus, the evidence for the diagnostic benefit of 24-hour
ambulatory electrocardiography in fallers is sparse. 

Our study has demonstrated that electrocardiographic
abnormalities are very common in older persons, and there
are no differences between abnormalities identified in fallers
and non-fallers. Ambulatory electrocardiography did not
identify causal arrhythmias for falls. Thus, the routine use of
24-hour ECG monitoring in older persons presenting with
falls is unlikely to be helpful. 

Key points 
• The cause of recurrent falls is multifactorial and includes

cardiac arrhythmias. 
• 24-hour ambulatory electrocardiography identifies multi-

ple electrocardiographic abnormalities in older persons,
in both fallers and non-fallers. 

• Symptom–rhythm correlation is crucial in determining
whether an arrhythmia is causative in older persons. 

• 24-hour ambulatory electrocardiography is not helpful in
identifying the cause of falls in older persons. 

Acknowledgements 

Our thanks are due to Michael Nixon from the Cardiology
Department at the Royal Victoria Infirmary for technical
assistance, Michelle Widdrington, research nurse for assist-
ance with patient recruitment, and Nick Steen from the
Centre for Health Services Research, University of Newcastle-
upon-Tyne for statistical advice. Grant Support was pro-
vided partly from a grant from the Wellcome Trust. 

Sources of research funding 

Funding for J.D.’s salary was provided by The Wellcome
Trust, grant number 051633, 183 Euston Road, London, UK. 

Conflicts of interest declaration 

None of the authors has any conflict of interest to declare
with respect to this article. 

Provenance of equipment 

Del Mar 456A ambulatory electrocardiographic recorder
(Holter Monitor) and Del Mar Accuplus 363 electrocardio-
gram scanner manufactured by Del Mar Reynolds Inc., 13
Whatney, Irvine, CA 92618-2837, USA. 

References 
1. Prudham D, Evans JG. Factors associated with falls in the eld-

erly: a community study. Age Ageing 1981; 10: 141–6. 

2. Cwikel J. Falls among elderly people living at home: medical
and social factors in a national sample. Isr J Med Sci 1992; 28:
446–53. 

3. Tinetti ME, Williams CS. Falls, injuries due to falls, and the
risk of admission to a nursing home. N Engl J Med 1997; 337:
1279–84. 

4. Donald IP, Bulpitt CJ. The prognosis of falls in elderly people
living at home. Age Ageing 1999; 28: 121–5. 

5. Davies AJ, Kenny RA. Falls presenting to the accident and
emergency department: types of presentation and risk factor
profile. Age Ageing 1996; 25: 362–6. 

6. Shaw FE, Kenny RA. The overlap between syncope and falls
in the elderly. Postgrad Med J 1997; 73: 635–9. 

7. American Geriatrics Society, British Geriatrics Society, American
Academy of Orthopaedic Surgeons Panel on Fall Prevention.
Guideline for the prevention of falls in older persons. J Am
Geriatr Soc 2001; 49: 664–72. 

8. Brady, S. Audit of Clinical Indications for Ambulatory Elec-
trocardiography 2003. Personal communication. 

9. Kapoor WN. Diagnostic evaluation of syncope. Am J Med
1991; 90: 91–106. 

10. Folstein MF, Folstein SE, McHugh PR. ‘Mini mental state’. A
practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res 1975; 12: 189–98. 

11. Davison J, Bond J, Dawson P, Steen IN, Kenny RA. Patients
with recurrent falls attending Accident & Emergency benefit
from multifactorial intervention—a randomised controlled
trial. Age Ageing 2005; 34: 162–8. 

12. Bass EB, Curtiss EI, Arena VC et al. The duration of Holter
monitoring in patients with syncope. Is 24 hours enough?
Arch Intern Med 1990; 150: 1073–8. 

13. Manolio TA, Furberg CD, Rautaharju PM et al. Cardiac
arrhythmias on 24-h ambulatory electrocardiography in older
women and men: the Cardiovascular Health Study. J Am Coll
Cardiol 1994; 23: 916–25. 

14. Frishman WH, Heiman M, Karpenos A et al. Twenty-four-hour
ambulatory electrocardiography in elderly subjects: prevalence
of various arrhythmias and prognostic implications (report
from the Bronx Longitudinal Aging Study). Am Heart J 1996;
132 (2 Pt 1): 297–302. 

15. Rai GS. Cardiac arrhythmias in the elderly. Age Ageing 1982;
11: 113–5. 

16. Camm AJ, Evans KE, Ward DE, Martin A. The rhythm of the
heart in active elderly subjects. Am Heart J 1980; 99: 598–603. 

17. Kirkland JL, Lye M, Faragher EB, Dos SA. A longitudinal
study of the prognostic significance of ventricular ectopic
beats in the elderly. Gerontology 1983; 29: 199–201. 

18. Ingerslev J, Bjerregaard P. Prevalence and prognostic signifi-
cance of cardiac arrhythmias detected by ambulatory electrocar-
diography in subjects 85 years of age. Eur Heart J 1986; 7: 570–5. 

19. Garcia A, Valdes M, Sanchez V et al. Cardiac rhythm in healthy
elderly subjects. Clin Investigator 1992; 70: 130–5. 

20. Ribera JM, Cruz AJ, Zamorano JL, Perez-Casar F. Cardiac rate
and hyperkinetic rhythm disorders in healthy elderly subjects:
evaluation by ambulatory electrocardiographic monitoring.
Gerontology 1989; 35: 158–64. 

21. Martin A, Benbow LJ, Butrous GS, Leach C, Camm AJ. Five-
year follow-up of 101 elderly subjects by means of long-term
ambulatory cardiac monitoring. Eur Heart J 1984; 5: 592–6. 

22. Fleg JL, Kennedy HL. Cardiac arrhythmias in a healthy elderly
population: detection by 24-hour ambulatory electrocardiogra-
phy. Chest 1982; 81: 302–7. 

23. Glasser SP, Clark PI, Applebaum HJ. Occurrence of frequent
complex arrhythmias detected by ambulatory monitoring:

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article-abstract/34/4/382/10579 by Periodicals D

epartm
ent, The Library, Trinity C

ollege D
ublin user on 14 August 2019



J. Davison et al.

386

findings in an apparently healthy asymptomatic elderly popula-
tion. Chest 1979; 75: 565–8. 

24. Taylor IC, Stout RW. Is ambulatory electrocardiography a useful
investigation in elderly people with ‘funny turns’? Age Ageing
1983; 12: 211–6. 

25. Kantelip JP, Sage E, Duchene-Marullaz P. Findings on ambu-
latory electrocardiographic monitoring in subjects older than
80 years. Am J Cardiol 1986; 57: 398–401. 

26. Kala R, Viitasalo MT, Toivonen L, Eisalo A. Ambulatory
ECG recording in patients referred because of syncope or diz-
ziness. Acta Med Scand 1982; 668(Suppl): 13–9. 

27. Gibson TC, Heitzman MR. Diagnostic efficacy of 24-hour
electrocardiographic monitoring for syncope. Am J Cardiol
1984; 53: 1013–7. 

28. Rosado JA, Rubenstein LZ, Robbins AS et al. The value of
Holter monitoring in evaluating the elderly patient who falls. J
Am Geriatr Soc 1989; 37: 430–4. 

29. Gordon M. Falls in the elderly: more common, more danger-
ous. Geriatrics 1982; 37: 117–20. 

30. Maurer MS, Bloomfield DM. Atrial fibrillation and falls in the
elderly. Clin Geriatr Med 2002; 18: 323–37. 

Received 15 December 2004; accepted in revised form 6 April 
2005 

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article-abstract/34/4/382/10579 by Periodicals D

epartm
ent, The Library, Trinity C

ollege D
ublin user on 14 August 2019




