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Abstract

Objective: To evaluate whether routinely performed ECGs in older people 
from the general population have added value for cardiovascular risk 
management beyond the information that is already available from their 
medical records.
Design: Observational, prospective cohort study.
Setting: General population.
Subjects: A total of 566 participants aged 85 years (377 women, 189 men).
Methods: Lifelong history of cardiovascular disease was assessed through 
medical records obtained from general practitioners. Baseline ECGs were 
evaluated for prior myocardial infarction and atrial fibrillation. During a 5-year 
follow-up period, complete cardiovascular mortality and morbidity data were 
gathered. 
Results: During 5 years of follow-up, 262/566 (46%) participants died, of whom 
102/262 (39%) died from cardiovascular disease. Participants with a history of 
cardiovascular disease at age 85 years (284/566, 50%) had an increased 
cardiovascular mortality (HR 2.7, 95%CI 1.8-4.1) and morbidity (HR myocardial 

infarction 2.1, 95%CI 1.3-3.6; HR stroke 2.7, 95%CI 1.6-4.9) compared to those 
without such a history. Participants with major ECG abnormalities (102/566, 
18%) had an increased cardiovascular mortality (HR 1.8, 95%CI 1.1-2.8), but no 
increase of cardiovascular morbidity compared with those without major ECG 
abnormalities. In both participants with and without a history of 
cardiovascular disease, the presence of major ECG abnormalities was not 
associated with increased cardiovascular mortality or morbidity.
Conclusions: In older people from the general population, a history of 
cardiovascular disease is a strong predictor of cardiovascular mortality and 
morbidity. Although abnormal findings on routine ECGs predict cardiovascular 
mortality, they do not provide additional prognostic information beyond the 
information available from medical records. Therefore, when accurate medical 
records are available, programmatic ECG recording is not effective in older 
people. 
Keywords: Aged 80 and over; aged; cardiovascular diseases; 
electrocardiography, family practice, medical records, risk management.
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Introduction
Although the debate is ongoing,1 numerous studies have indicated that 
preventive measures in older people with cardiovascular disease are probably 
(at least) as effective as in younger age groups,2-9 and as a consequence age 
limits have gradually disappeared from cardiovascular guidelines.10-14 In the 
cardiovascular risk management of older people, the majority of older patients 
with a history of cardiovascular disease are identified by the medical records 
held by their primary care physicians. Nevertheless, routinely performed 
electrocardiograms (ECGs) may have added value for cardiovascular risk 
management of the older population, and this has so far never been studied.

Earlier we have shown that routinely performed ECGs in a population-
based sample of 85-year-olds result in detection of individuals with atrial 
fibrillation (prevalence 10%) and prior myocardial infarction (prevalence 9%), 
both associated with (cardiovascular) mortality and accelerated functional 
decline.15 Because both prior myocardial infarction and atrial fibrillation are 
often clinically unrecognised in older people,15-17 these conditions frequently 
remain untreated. Programmatic recording of ECGs could improve 
identification of older people not known to have cardiovascular disease, and 
thus possibly improve treatment and prognosis of these patients. 

Until now, a programme of routine ECGs in older people in the general 
population has not been implemented. To examine whether such an approach 
is useful, one needs to know whether routinely recorded ECGs add valuable 
information beyond that provided by patients’ medical records, which are often 
easily accessible and already contain accurate information on existing 
cardiovascular disease and previous cardiovascular events. 

Therefore, in a prospective, population-based cohort study of 566 
individuals aged 85 years who were followed up for 5 years, we evaluated 
whether ECG recording in older people from the general population has 
additional value for cardiovascular risk management, beyond information 
derived from existing medical records.

Key Points
Preventive therapy in older people with cardiovascular disease is considered effective, but the 
elderly at risk are often under-treated. Routinely performed ECGs in the general population could 
possibly identify older people at increased risk of cardiovascular mortality and accelerated 
functional decline.
� Medical information about patients’ history of cardiovascular disease, available from the 

medical records from general practitioners, effectively selects elderly at increased 
cardiovascular risk (both mortality and morbidity).

� Although abnormal findings on routine ECGs in elderly people predict cardiovascular 
mortality, they do not provide additional prognostic information beyond the information 
available from medical records.

� When accurate medical records are available, programmatic ECGrecording is not 
effective in older people from the general population.
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Methods
Study population
The Leiden 85-plus Study is an observational, prospective population-based 
study of inhabitants of the city of Leiden in the Netherlands. Between 
September 1997 and September 1999, 705 persons reached the age of 85 years 
and were eligible to participate. There were no selection criteria regarding 
health or demographic characteristics. A total of 599 (85%) persons were 
enrolled. All participants gave informed consent. Participants were visited at 
their homes, where face-to-face interviews, blood samples and an ECG were 
obtained.

Baseline clinical data
In the Netherlands, all inhabitants are registered at a local general practice, 
or, when institutionalised, are cared for by a nursing-home physician. For each 
participant, the general practitioner (or, where applicable, the nursing home 
physician) was asked about the history of cardiovascular disease using a 
standardized questionnaire, which included questions on present and past 
cardiovascular pathologies, including myocardial infarction, stroke, angina 
pectoris, arrhythmias, peripheral arterial disease, and heart failure. When any 
or a combination of these pathologies was confirmed, participants were 
considered to have a history of cardiovascular disease. For all participants, 
classic (cardiovascular) risk factors, including hypertension, 
hypercholesterolemia, diabetes mellitus, and (history of) smoking were 
determined. Hypertension was defined as a history of hypertension confirmed 
by the primary care physician or a mean systolic blood pressure >160 mmHg 
(Korotkoff phase I), measured on two occasions with a mean interval of two 
weeks. Hypercholesterolemia was mapped to a total cholesterol level of ������
mmol/L. Diabetes mellitus was considered present when confirmed by the 
primary care physician, when non-fasting glucose levels were >11.0 mmol/L, or 
when, according to pharmacist’s records, a participant was taking anti-diabetic 
medication. All participants were interviewed about present and past smoking 
habits. Current and past smokers of cigarettes, cigars, and pipes were 
considered to have a smoking history.

Baseline ECG recording
Electrocardiograms were recorded on a Siemens Sicard 440 (Erlangen, 
Germany) and transmitted to the ECG Core Laboratory in Glasgow Royal 
Infirmary for automated Minnesota Coding, in one batch after completion of 
the study.18;19 In addition ECGs were reviewed by one of the authors (PWM) to 
exclude coding errors due to technical causes. Prior myocardial infarction and 
atrial fibrillation were considered ‘major ECG abnormalities’ because they are 
highly prevalent and may have therapeutic implications. Prior myocardial 
infarction was defined as the presence of Minnesota Code 1-1 or 1-2 (excluding 
1-2-8), and atrial fibrillation was mapped to Minnesota Code 8-3-1. Treating 
physicians were not informed about ECG results, unless participants had acute 
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clinical symptoms during the screening visit and a preliminary evaluation by 
the ECG-apparatus revealed major abnormalities requiring therapeutic 
intervention according to existing guidelines in 1997-1999.

Clinical endpoints
All-cause and cause-specific mortality
All participants were followed for mortality until aged 90 years using data from 
the municipal Register Office. Causes of death were obtained from Statistics 
Netherlands, where all national death certificates were coded according to the 
ICD, 10th revision. 20 The causes of death were divided into cardiovascular 
(ICD-10 codes I00-I99) and non-cardiovascular causes (all other ICD-10 codes). 
The assignment of cause of death was made independent of study ECG results.
(Non-)fatal myocardial infarction
All participants were followed for incident non-fatal and fatal myocardial 
infarction until aged 90 years. An incident myocardial infarction on the annual 
ECG was defined as the first appearance of Minnesota Codes 1-1 or 1-2, or the 
first appearance of Minnesota Code 1-3 in combination with the first 
appearance of Minnesota Code 5-x in the same myocardial area. All incident 
myocardial infarctions recorded by ECG were visually confirmed by one of the 
authors (PWM). Also, information was collected yearly from the primary care 
physicians on clinically proven incident myocardial infarctions. A fatal incident 
myocardial infarction was categorised by cause of death codes I21-I23 (ICD-10).
(Non-)fatal stroke
All participants were followed for the occurrence of stroke until aged 90 years. 
Information on clinically diagnosed incident stroke was collected annually from 
the primary care physicians. A fatal incident stroke was categorised by cause of 
death codes I61-I69 (ICD-10).

Data analysis
Incidence of cardiovascular mortality and morbidity was calculated by the life 
table method and expressed as a percentage per observed person year at risk. 
Hazard ratios and 95% confidence intervals were calculated in a Cox 
proportional-hazards model, and adjusted for sex, income, and education. Data 
analysis was performed using SPSS 12.0 for Windows (SPSS Inc., Chicago, IL, 
USA).

Results
From the 599 participants who were enrolled in the Leiden 85-plus Study, a 
total of 566 participants completed all baseline measurements. Due to 
mortality the number of participants gradually diminished to 304 by age 90 
years (Figure 1). All participants were followed for mortality and causes of 
death, the yearly rate of missing clinical data varying between 2 and 5%. 

Table 1 summarises baseline characteristics of all participants. In 
284/566 (50%) of all participants, the general practitioner reported a history of 
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cardiovascular disease. In 102/566 (18%) of all participants, major ECG 
abnormalities were observed. Of these, 52 (9%) had prior myocardial infarction 
and 56 (10%) had atrial fibrillation. Six participants (1%) had both. Of the 
classic risk factors, hypertension (325/558, 58%) and a history of smoking 
(271/556, 49%) were highly prevalent.

During 5 years of follow-up, 262/566 (46%) participants died, with 
cardiovascular disease as the cause of death in 102/262 (39%) participants. 
Table 2 shows incidences of mortality and cardiovascular morbidity during 
follow-up, depending on a history of cardiovascular disease and on major ECG 
abnormalities successively, followed by the corresponding hazard ratios. 
Participants with a history of cardiovascular disease and participants with 
major ECG abnormalities had increased hazard ratios for (cardiovascular) 
mortality during the follow-up period. Participants with a history of 
cardiovascular disease also had increased cardiovascular morbidity risks (see 
Table 2).
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Table 3 shows the association between the presence of major ECG 
abnormalities and mortality and cardiovascular morbidity, in strata depending 
on history of cardiovascular disease. Among participants without a history of 
cardiovascular disease, participants with (previously undetected) major ECG 
abnormalities (29/282, 10%) had roughly similar risks of cardiovascular 
mortality and morbidity compared with those without major ECG 
abnormalities. Among the participants with a history of cardiovascular disease, 
participants with major ECG changes (73/284, 26%) had similar risks of 
cardiovascular mortality and morbidity compared with those with a history of 
cardiovascular disease but without major ECG abnormalities (see Table 3).

Discussion
In older people from the general population, a history of cardiovascular disease 
(present in 50%) is a strong predictor of cardiovascular mortality and 
morbidity. Therefore, knowledge of previous or present cardiovascular disease 
from an accurate medical record is the cornerstone of cardiovascular risk 
management for patients in old age.21 In addition to these medical record data, 
the present study shows that the programmatic recording of a routine ECG 
does not add prognostic information on cardiovascular risks in older people. 
Therefore, programmatic recording of routine ECGs in elderly people, when 
accurate medical records are available, is probably not effective.
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Our study is the first to describe a pragmatic, dual approach to 
cardiovascular risk management in old age, by first using all relevant clinical 
data in medical records, and then taking into account the main results from 
routine ECGs. Earlier studies of cohorts of older people have described the 
value of the ECG in identifying previously undetected ECG 
abnormalities.16;17;22-24 However, these investigations focused on one specific 
abnormality, mainly either myocardial infarction or atrial fibrillation and not 
both anomalies as in the present study. Furthermore, in these earlier studies 
the history of specific cardiovascular pathologies was self-reported by 
participants, which in older persons is known to be associated with 
misclassification and under-reporting.25

The present population-based cohort study has several strengths. First, 
recruitment was highly successful and follow-up data were nearly complete, 
due to annual visits to the participants and general practitioners. Second, data 
on participants’ history of cardiovascular disease and incident cardiovascular 
events were obtained from the medical records held by general practitioners, 
independent of study ECG results. In the Netherlands, where thorough record 
keeping is customary, these records are usually accurate, also because 
inhabitants are enlisted in only one general practice. Third, study ECG 
recordings were evaluated by a validated computerised method based on the 
Minnesota Code, frequently used in large epidemiological studies.18;19 Although 
this method is not recommended for use in daily practice, in clinical studies it 
not only avoids observer bias but also is at least as accurate as visual 
evaluation by experts who are blinded for clinical data.26;27 Finally, during 
follow-up, all study endpoints were accurately obtained by combining clinical 
information from general practitioners, annual ECG recordings, and data from 
municipal and national death registries, thus increasing the power of the 
study. However, type-2 error due to a relatively small sample size, as indicated 
by the wide 95% confidence intervals in Table 3, may still have influenced our 
results. 

Earlier studies have shown that preventive measures against 
cardiovascular disease are often lacking in older people.28-30 The findings of this 
study have implications for cardiovascular risk management in older people. As 
a first step, a thorough search through the medical records for any history of 
cardiovascular disease may be important, given that this study identified 50% 
of older people at an increased risk of (cardiovascular) mortality and recurrent 
cardiovascular events from details recorded in their medical records. These 
elderly people have every right to receive secondary preventive treatment 
according to current guidelines.

Additional routine ECG recording in older people with a history of 
cardiovascular disease does not add substantial risk information to that 
already known. In these patients, major ECG abnormalities on routine ECGs 
are generally already known and would therefore not render new therapeutic 
implications. Performing routine ECGs in older people without history of 
cardiovascular disease has no added prognostic value either, although 10% of 
these older people in the present study had previously undetected atrial 
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fibrillation or prior myocardial infarction. Although the cardiovascular 
mortality and morbidity risks of this group of participants were not 
significantly increased, clinicians might individually consider therapeutic and 
secondary preventive measures for these patients, making the interpretation of 
the relevance of these unrecognised major ECG abnormalities more 
complicated.

In conclusion, a structured approach to routinely recording ECGs in 
older people with or without a history of cardiovascular disease has no 
prognostic value beyond the information already documented in the medical 
record. Therefore, programmatic routine ECG screening in elderly people is not 
recommended. Exploring the medical records of older people for a history of 
cardiovascular disease plays a key role in their cardiovascular risk 
stratification, identifying 50% of the older population as candidates for 
preventive measures. Medical records should thus be kept precisely.
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