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Abstract
Objective This study was undertaken to assess and evaluate adherence to secondary prevention recommendations and risk 
factor modifications among a patient cohort at a single-tertiary centre in Ireland, following coronary artery bypass grafting 
(CABG).
Methods This is a retrospective observational study analysing patients who had CABG from 2015 to 2020, identified via 
the Adult Cardiac Surgery Database. Patients were asked a number of questions either over the phone or via postal survey, 
regarding blood pressure, cholesterol control, adherence to medication, attendance at cardiac-rehab and lifestyle factors. 
Any repeat interventions following CABG were noted.
Results A total of 540 patients were invited to take part in this study. One hundred seventy-three patients consented to 
participate, ranging from 47 to 86 years old. Postoperatively, 59% of participants attended cardiac rehab. 90.2% of patients 
report taking a statin, 91.3% report taking an antiplatelet, 77.4% report taking a β-blocker and 75.7% take an antihyper-
tensive. 93.1% of patients questioned in this study reported full compliance with their daily medications. Sixteen patients 
continue to have hypertension despite their current regimen. Thirteen patients continue to have hypercholesterolemia despite 
their current prescription. 62.4% of participants have quit smoking with only 4.6% remaining current smokers. No patients 
required re-operation, and eight patients required stenting. Compliance with diet and exercise modifications was suboptimal.
Conclusion In this patient population, adherence to medication and control of risk factors is acceptable. However, there is 
room for improvement in terms of attendance at cardiac rehab (59%) and maintenance of a healthy lifestyle post-CABG.

Keywords Atherosclerosis · Coronary artery bypass grafting · Coronary artery disease · Cardiac surgery · Secondary 
prevention

Abbreviations
CABG  Coronary artery bypass grafting
CAD  Coronary artery disease

Introduction

Coronary artery disease (CAD) is a highly prevalent condi-
tion in Ireland today; affecting 1% of 45–54-year-olds, 4% 
of 55–64-year-olds, 5% of 65–74-year-olds and 8% of over 
75 year olds in 2019 [1]. Since the early 2000s, there has 
been a dramatic decline in CAD mortality rates with ~ 60% 
of this decline being attributable to increased uptake of 
secondary prevention, with improvements in CAD risk fac-
tor modifications contributing to ~ 30% of the decline [2]. 
Despite this, diseases of the circulatory system continue to 
account for one in four deaths in Ireland today; 27.5% of 
total deaths in Ireland in 2020 [3].

Key Questions 
What is already known about this subject?

Aggressive secondary prevention after CABG serves to slow 
down progression of native vessel disease, maintain graft patency, 
and reduce cardiovascular mortality.
What does this study add?

This study describes adherence to secondary prevention 
recommendations among a patient cohort at a single tertiary centre 
in Ireland, highlighting which British Cardiac Society guidelines 
are being met and which areas need improvement.
How might this impact on clinical practice?

This study sheds the light on the fact that there is a need 
for increased patient education and involvement regarding 
modification of lifestyle factors and attendance at cardiac 
rehabilitation following CABG.
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Patients who have undergone coronary artery bypass 
grafting (CABG) by definition have more severe and diffuse 
CAD. In this cohort, secondary prevention is an important 
pillar in treatment postoperatively. Aggressive secondary 
prevention serves to slow down progression of native vessel 
disease [4] and has been shown to improve graft patency, 
especially in vein grafts [5]. The British Cardiac Society 
recommends a number of cardioprotective therapies for pre-
vention of CAD progression in people with atherosclerotic 
cardiovascular disease as follows: aspirin 75 mg daily for all 
patients, a β-blocker for all patients following a myocardial 
infarction, an antihypertensive agent (such as an ACE inhibi-
tor or calcium channel blocker) for all high-risk CAD patients 
whose blood pressure is not at target, a lipid-lowering agent 
(such as a statin) for all patients with symptomatic athero-
sclerotic disease and an anticoagulant in patients at high risk 
of systemic embolization [6]. The therapeutic target ranges 
are listed below in Table 1. A number of lifestyle changes are 
also recommended, including smoking cessation, undertak-
ing 30 min of physical exercise most days of the week as well 
as dietary modifications. In addition to the risk modifications 
listed above, the British Cardiac Society also recommends 
that a comprehensive cardiovascular prevention and reha-
bilitation programme should be offered to all patients with 
atherosclerotic disease (Table 1).

This study was undertaken to assess and evaluate adher-
ence to these secondary prevention recommendations and 
risk factor modifications among a patient cohort at a single-
tertiary centre in Ireland.

Methods

This study was a retrospective observational review of 
patients who had undergone CABG in an Irish tertiary cen-
tre, under two consultant surgeons (ZC & HJ), during a time 
period of 2015 to 2020. Ethical approval was sought, and 
this study was approved by the Institutional Review Board. 
Five hundred fifty-six patients were identified via the Adult 
Cardiac Surgery Database. Sixteen patients who had passed 
away, as per the hospital’s records and according to RIP.ie, 
were excluded (Fig. 1). The remaining 540 patients were 
each sent a letter of invitation via post. One hundred seventy-
three patients (32%) consented to participation, ranging in 
age from 47 to 86 years old, 147 (85%) of whom were male 
and 26 (15%) of whom were female. The participants who 
had consented to participate in the study answered the ques-
tionnaire either over the phone or on a paper survey via post. 
The data was collected and analysed using Microsoft Excel 
(Microsoft Corp, Redmond, WA).

The questions encompassed adherence to cardioprotec-
tive therapies prescribed post-CABG. The prescription of 
a number of medications was assessed, namely antiplatelet, 
lipid-lowering, antihypertensive and rate control medica-
tions. The participants were also asked about attendance 
at primary care, diabetic status, blood pressure (as meas-
ured at their last GP check or indeed on home monitoring) 
and cholesterol control (as per their most recent blood test 
with their GP). Lifestyle factors such as smoking history, 
diet and exercise were discussed. Attendance at a cardiac 

Table 1  Lifestyle, risk factor modification and therapeutic targets for cardiovascular disease prevention, in people with high-risk atherosclerotic 
cardiovascular disease as set out by the British Cardiac Society [6]

Risk factors & therapeutic targets

Lipids • Total cholesterol ˂4.0 mmol/l or a 25% reduction
• LDL-C ˂2.0 mmol/l or a 30% reduction

Blood pressure  < 130 mmHg systolic and < 80 mmHg diastolic
Glucose Fasting plasma glucose ≤ 6.0 mmol/l
Body weight distribution • BMI < 25 kg/m2

• Waist circumference:
   oWhite Caucasians: men < 102 cm, women < 88 cm
   o Asians: men < 90 cm, women < 80 cm

Lifestyle
Smoking habit Stop smoking completely
Diet • Total intake of fat ≤ 30% of total energy intake

• Intake of saturated fats to ≤ 10% of total fat intake
• Intake of dietary cholesterol ˂300 mg/day
• Replace saturated fats by an increased intake of monounsaturated fats
• Increase intake of fresh fruit and vegetables to at least five portions per day
• Regular intake of fish and other sources of omega 3 fatty acids (at least 2 servings of fish per week)
• Limit alcohol intake to < 21 units per week (men) and < 14 units per week (women)
• Limit intake of salt to < 100 mmol/l per day (< 6 g of sodium chloride or < 2.4 g of sodium per day)

Physical activity Regular aerobic physical activity of at least 30 min per day, most days of the week, should be taken 
(for example, fast walking/swimming)
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rehabilitation programme and any re-interventions since 
their CABG operation were noted.

Patient involvement

The design of this study was informed by a participant pref-
erence to have a multitude of options for responding to the 
survey. Anxiety surrounding the recall or pronunciation of 
drug names was eliminated by the addition of the option to 
take part via paper questionnaire, allowing participants to 
transcribe drug names without undue stress.

Once the data from this study has been published, we 
intend to circulate the main results to participants via a 
patient information leaflet in the post or via email. We will 
seek patient involvement regarding which method would be 
most suitable for distribution of the results and to ensure the 
language used is pitched appropriately.

Results

Of the 540 patients who were invited to participate, 173 
patients (32%) consented to the study. The age range of par-
ticipants was 47–86 years old. There were 147 males (85%) 
and 26 females (15%) included in this study.

Adherence to cardioprotective therapies (Fig. 2)

93.1% (n = 161) of this patient group report full compliance 
with their cardioprotective therapies. Of the patients who 
did not report full medication compliance, 6.4% (n = 11) of 
the participants report taking their medications as prescribed 

less than seven but more than four days per week, with 
one patient (0.6%) taking their medications as prescribed 
between one and 3 days per week.

91.3% of this group (n = 158) take an anti-platelet agent. 
90.2% (n = 156) take a lipid-lowering agent. 75.7% (n = 131) 
report taking a regular anti-hypertensive agent with 77.5% 
(n = 134) on a β-blocker. Two patients (1.2%) did not provide 
information regarding their prescription.

Attendance at primary care & cardiac rehabilitation

Attendance at primary care varied among the group with 
11% (n = 19) participants attending within the week prior 
to taking part in the study, 23.7% (n = 41) attending within 
the previous month, 37.6% (n = 65) within the previous 
6 months and 14.4% (n = 25) within the last year. This totals 
86.7% of the group being seen in primary care within the 
previous 12 months.

9.2% (n = 16) of participants attended repeat follow-up 
visits at this tertiary centre within the 12 months prior to 
the study. The remaining majority of participants had not 
attended since their outpatient appointment ranging from 6 
to 12 weeks postoperatively.

59% (n = 102) of this patient population attended a car-
diac rehabilitation programme in the weeks following their 
CABG, and 38.2% (n = 66) did not. A further 2.9% (n = 5) 
patients were not sure.

Risk factor modification (Fig. 3)

Only 5.7% of this patient group (n = 10) had none of the fol-
lowing cardiovascular risk factors; hypertension, hypercho-
lesterolemia, diabetes or smoking history. A further fourteen 
patients (8.1%) only had a smoking history as a risk factor 
for CAD.

9.2% (n = 16) of this group report ongoing hypertension, 
above target range, despite their current anti-hypertensive 
regimen, as measured at their last primary care appointment 

List of Patients who underwent 
CABG (2015-2020) obtained from
Adult Cardiac Surgery Database

[n=556]

Deceased Patients Removed from
Invitation List

[n=16]Patients Invited to Participate

[n=540]

Patients Consenting to Participate 
in the Study

[n=173]

Fig. 1  Recruitment phase of study
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or indeed using home monitors. 53.2% (n = 92) report good 
control on their current regime. 10.4% (n = 18) do not know 
their hypertensive status, and 27.2% (n = 47) report never 
having had high blood pressure.

7.5% (n = 13) report ongoing hypercholesterolemia, 
above target range, despite their current lipid-lowering pre-
scription, as measured on their last blood test. 59% (n = 102) 
report cholesterol levels within target range on their current 
regime. 16.8% (n = 29) do not know their cholesterol sta-
tus, and a further 16.8% (n = 29) report never having been 
diagnosed with hypercholesterolemia or hyperlipidaemia.

Diabetic status (Fig. 4)

In terms of diabetic status, 47.2% of patients were diabetic. 
2.3% (n = 4) had type 1 diabetics mellitus, on lifelong insulin. 
Of the remaining, 29.5% (n = 51) who had type 2 diabetes mel-
litus, fifteen of whom (8.7%) are diet- and exercise-controlled, 
and twenty-eight of whom (16.2%) take an antiglycemic agent 
alone with a further eight patients (4.6%) requiring both an 
antiglycemic agent and insulin. 14.5% (n = 25) did not know 
their diabetic status.

Smoking status

Of these 173 participants, 32.9% (n = 57) were never smok-
ers. 62.4% (n = 108) were previous smokers but had quit 
either prior to or since their CABG. 4.6% (n = 8) participants 
remained current cigarette smokers.

Of those with a smoking pack year history, both the mean 
and median was 11.5 pack years. The average cigarettes 
smoked per day was 25, with a maximum of 60 cigarettes per 
day. The average duration of smoking history was 11 years 
with a maximum of 60 years. Of the subgroup who remain 
current smokers (4.6%, n = 8), the mean pack year history 
was 27.6 years with a median of 17.5 years. One patient 
(0.6%) has commenced vaping since quitting smoking.

Diet and exercise

38.2% (n = 66) of this patient group report exercising on a 
daily basis. 27.2% (n = 47) exercise between 3 and 4 times 
per week and 17.3% (n = 30) exercise 1 and 2 times per 
week. 9.2% (n = 16) of the group report exercising very 
infrequently (1–2 times per month) with 6.9% (n = 12) of 
the group not exercising at all. Two patients (1.2%) were not 
sure if any physical activity they were engaging in would be 
considered ‘exercise’.

56.6% (n = 98) report eating a healthy diet ‘most of the 
time’. 32.4% (n = 56) report eating a healthy diet ‘some of 
the time’. 6.9% (n = 12) report rarely making any effort in 
terms of dietary modifications, and 2.9% (n = 5) make no 
effort at all. Two participants (1.2%) were not sure.

Repeat interventions post‑CABG

Following their CABG, eight patients (4.6%) required re-
stenting. No patients required re-operation.

Discussion

Risk factor modification, adherence 
to cardioprotective therapies and therapeutic 
targets

Aggressive secondary prevention serves to slow down pro-
gression of native vessel disease [4] and has been shown to 
improve graft patency especially in vein grafts [5] which is 
particularly important among this patient cohort who by the 
very nature of requiring CABG are deemed to have high-risk 
atherosclerotic CAD.

Adherence to medication among this patient group is 
acceptable with 93.1% reporting full compliance. The Brit-
ish Cardiac Society recommend that all patients with athero-
sclerotic cardiovascular disease take aspirin 75 mg daily to 

Fig. 3  Blood pressure and cholesterol control among participants
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reduce the incidence of vein graft occlusion, and this is true 
of 91.3% of this group.

Keeping in mind that lipid-lowering therapy is one 
of the mainstays of treatment in order to maintain graft 
patency following CABG, it is positive to note that three 
quarters of the patient group (75.7%) have cholesterol 
levels within the target range [7, 8]. Statin resistance has 
often been described in the literature [9–11] and perhaps 
has a role to play with the cohort of 7.5% of participants 
who report ongoing hypercholesterolemia despite current 
regimen. Additionally, of the eleven patients who report 
poor medication compliance (that is taking their medica-
tions as prescribed less than 7 days per week but more 
than 4 days per week), when asked the reason for miss-
ing doses, many of them note forgetting or skipping their 
night-time statin. Given that hyperlipidaemia following 
CABG has been shown to be an independent predictor of 
future coronary events [12], this should be addressed in 
all post-CABG patients.

Regarding the 9.2% of participants who report ongo-
ing hypertension despite their current regimen, this may 
include those who were non-adherent, those with white 
coat hypertension and those with resistant hypertension, 
which is quoted as affecting 6.5–14.8% of treated hyper-
tensives [13, 14]. Research has demonstrated that hyper-
tension is associated with an increase in mortality after 
CABG [15]; thus, it remains an important pillar of second-
ary prevention.

In light of the current COVID-19 pandemic, a subgroup 
of participants reported not being able to attend their pri-
mary care for their annual review, thus resulting in a pro-
portion of participants who did now know their hyperten-
sive status (10.4%) or their lipid profile status (16.8%).

Attendance at cardiac rehabilitation

The British Cardiac Society recommends that a com-
prehensive cardiovascular prevention and rehabilitation 
programme should be offered to all patients with athero-
sclerotic disease [6]. Just over half of this group (59%) 
attended a cardiac rehabilitation programme in the weeks 
following their CABG. In the modern technological era, 
perhaps there is a possibility for some of the cardiac reha-
bilitation programme to be available online, thus increasing 
the availability of the rehabilitation programme material 
and potentially reducing the rates of non-attendance for 
those whose rehabilitation programme was cancelled due 
to COVID-19 pandemic (3.5%) or geographical distance 
(0.6%). This is supported by the fact that participation in 
cardiac rehabilitation post-CABG has been shown to lead 
to a better prognosis and reduced cardiovascular mortality 
[16, 17].

Lifestyle factors

Over half of this group (62.4%) had a smoking history, thus 
highlighting smoking as a potentiator for atherosclerosis, 
particularly in the subgroup of participants whose only risk 
factor was current cigarette smoking (14%) [18]. However, 
postoperatively, the majority of this patient group (95.4%) 
do not currently smoke which is a tribute to the excellent 
smoking cessation teams both at our tertiary centre and in 
primary care services. It is well described in the current 
literature that smoking cessation following CABG signifi-
cantly reduces adverse outcomes and long-term mortality 
[19, 20].

Interestingly, of the subgroup of patients who have type 
2 diabetes mellitus (29.5%), adherence to a daily exercise 
regime was lower than that of the group as a whole (31.1 
vs 38.2%), as was compliance with eating a healthy diet 
(43.1 vs 56.6%). These lifestyle modifications are a main-
stay of treatment of type 2 diabetes and are simultaneously 
key to preventing progression of atherosclerosis, thus lead-
ing to regression of native vessel disease [21–23]. There is 
room for improvement in this patient cohort, and a focus on 
improvement in lifestyle factors could be of benefit from 
both a postoperative surgical perspective as well as a general 
medical perspective.

Repeat interventions post‑CABG

The number of patients who required re-intervention in the 
form of PCI (n = 8) is too small to meaningfully analyse 
any risk factors for reintervention in this study population. 
One patient had uncontrolled hypertension, and one was still 
smoking. Interestingly, none of the patients who needed PCI 
post-CABG adhered to a regular exercised regimen.

Conclusions, limitations, 
and recommendations

While adherence to cardioprotective therapies and control of 
risk factors such as blood pressure, cholesterol and smoking 
status among this patient group appears to be acceptable, 
there is room for patient education regarding lifestyle factors 
such as the importance of cardiac rehabilitation as well as 
diet and exercise modifications. This is particularly evident 
amongst those with type 2 diabetes. Primary preventative 
measures such as education in the community at a school 
level regarding the detrimental long-term effects of smoking 
on cardiovascular status should be initiated and encouraged.

8.7% of participants do not take an anti-platelet; however, 
it was not clarified during the study whether this cohort take 
an anti-coagulant instead, thus perhaps the percentage of 
participants on an anti-thrombotic regimen may in fact by 
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higher than 91.3%. This should be accounted for if there 
were to be a follow up/part two of this study.

Of note that the participation rate among invited patients 
was 32% perhaps give way to some participation bias. This 
low response rate may be attributable to the fact that the 
study was done via postal survey, thus leading to a potential 
for selection bias. The question style format used also relies 
on participant honesty when responding which becomes par-
ticularly relevant regarding smoking status [24–26].
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