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    Abstract
Background: Family members of patients with coronary artery disease (CAD) have higher risk of vascular events. We conducted a trial to determine if a family heart-health intervention could reduce their risk of CAD.

Methods: We assessed coronary risk factors and randomized 426 family members of patients with CAD to a family heart-health intervention (n = 211) or control (n = 215). The intervention included feedback about risk factors, assistance with goal setting and counselling from health educators for 12 months. Reports were sent to the primary care physicians of patients whose lipid levels and blood pressure exceeded threshold values. All participants received printed materials about smoking cessation, healthy eating, weight management and physical activity; the control group received only these materials. The main outcomes (ratio of total cholesterol to high-density lipoprotein [HDL] cholesterol; physical activity; fruit and vegetable consumption) were assessed at 3 and 12 months. We examined group and time effects using mixed models analyses with the baseline values as covariates. The secondary outcomes were plasma lipid levels (total cholesterol, low-density lipoprotein cholesterol, HDL cholesterol and triglycerides); glucose level; blood pressure; smoking status; waist circumference; body mass index; and the use of blood pressure, lipid-lowering and smoking cessation medications.

Results: We found no effect of the intervention on the ratio of total cholesterol to HDL cholesterol. However, participants in the intervention group reported consuming more fruit and vegetables (1.2 servings per day more after 3 mo and 0.8 servings at 12 mo; p < 0.001). There was a significant group by time interaction for physical activity (p = 0.03). At 3 months, those in the intervention group reported 65.8 more minutes of physical activity per week (95% confidence interval [CI] 47.0–84.7 min). At 12 months, participants in the intervention group reported 23.9 more minutes each week (95% CI 3.9–44.0 min).

Interpretation: A health educator–led heart-health intervention did not improve the ratio of total cholesterol to HDL cholesterol but did increase reported physical activity and fruit and vegetable consumption among family members of patients with CAD. Hospitalization of a spouse, sibling or parent is an opportunity to improve cardiovascular health among other family members. Trial registration: clinicaltrials.gov, no NCT00552591.


People with a family history of coronary artery disease (CAD) among their first-degree relatives have an increased risk of vascular events.1–5 This risk is greater if more than 1 relative has heart disease, or if the onset of disease in relatives occurred before age 55.1–3,5 A concordance of coronary risk factors between patients with heart disease and their spouses has also been reported.6–10 Although genetic factors are important, familial aggregation of coronary risk factors also plays a role.9,11,12 Guidelines recommend screening individuals with a positive family history,13–15 but screening rates are low (< 15%), and interventions are rarely initiated.16,17 Family members of patients with heart disease may benefit from focused interventions to improve cardiovascular health. Counselling that address physical inactivity and dietary behaviours is central to these interventions; clinical management of risk factors such as tobacco addiction, dyslipidemia, hypertension and dysglycemia are also important. We developed and evaluated a year-long family-based heart-health intervention for the siblings, offspring and spouses of patients admitted to hospital with an acute coronary event.
Methods
Study design and participants
We conducted a 12-month randomized trial at the University of Ottawa Heart Institute, a tertiary care cardiac centre. We recruited participants using advertisements and flyers distributed to patients and family members. Potential participants attended a screening visit that assessed their coronary risk factors. Siblings, children and spouses of patients with CAD who had at least 1 modifiable risk factor (i.e., smoking, physical inactivity, dyslipidemia, hypertension or abdominal obesity) were eligible. We excluded people with one of the following conditions: established coronary, cerebrovascular or peripheral vascular disease; diabetes; current or planned pregnancy; or fasting blood glucose ≥ 7 mmol/L at screening. We limited participation to 1 family member per index patient.
The University of Ottawa Heart Institute Research Ethics Board approved the study, and participants provided written informed consent.

Randomization
We used a computer-generated sequence to implement stratified randomization based on relation to the index patient (sibling, child or spouse) with 1:1 allocation. Allocations to the heart-health intervention or the control group were contained in sealed, numbered envelopes; the study coordinator assigned participants once eligibility was confirmed by baseline screening. Study staff included a research coordinator (notified participants of treatment allocation and provided care to those in the control group) and 2 health educators who were not blinded to treatment allocation. Health educators provided counselling to those in the intervention group. Two research assistants (unaware of allocation) performed all assessments.

Procedures
Risk factors were assessed at baseline, 3 months and 12 months. Fasting blood samples were collected, and plasma lipid and glucose levels were analyzed by the Ottawa Hospital laboratory. Blood pressure was measured using an automated blood pressure monitor (BPTru Medical Devices). Height, weight and waist circumference were measured, and body mass index was calculated. Self-reported smoking status was verified18 using a carbon monoxide analyzer (Bedfont Scientific). Dietary patterns were measured by use of a food-frequency questionnaire.19 Levels of physical activity (moderate or vigorous) were measured using a modified Godin Leisure-Time Exercise Questionnaire.20 Participants were asked to bring any medications that they were taking to the assessments; the names and dosages were recorded.

Intervention
The heart-health intervention included feedback about the results of the baseline and 3-month assessments; goal setting; 17 counselling sessions with a trained health educator; and the communication of reports and recommendations to the participant’s primary care physician. Counselling sessions occurred weekly for the first 12 weeks and then at weeks 16, 20, 26, 39 and 52. The first 2 sessions lasted 45 minutes, and the remaining sessions lasted 15–20 minutes. The second counselling session (at week 2) was face-to-face; all others were by telephone. The counselling scripts (available from the corresponding author) were standardized. The health educators received 2 days of training about the counselling and were periodically observed by an experienced therapist, who provided feedback about their performance.
During the sessions in weeks 1 and 2, participants received feedback about their risk levels relative to recommendations.13,21–24 The health educators helped participants set goals for reducing their risk and create action plans. An assessment summary and indications for his or her medical care were mailed to the patient’s primary care physician. Medical care was suggested if the patient’s blood pressure or lipid levels exceeded threshold values (i.e., blood pressure 140/90 mm Hg;21 low-density lipoprotein [LDL] cholesterol > 2.0 mmol/L if participant’s Framingham Risk Score was 20%, LDL cholesterol > 3.5 mmol/L if the Framingham Risk Score was 10%–19%, or LDL cholesterol > 5.0 mmol/L if the Framingham Risk Score was < 10%).13
Participants received printed materials about smoking cessation, healthy eating, weight management and physical activity. During the phone calls at weeks 3–12 16, 20, 26, 39 and 52, the health educators engaged participants in a dialogue about progress toward their goals and recommended strategies to overcome any barriers. During the week 16 session, participants received the results of their 3-month assessment. The summary of this assessment and recommendations for medical care were mailed to the patient’s primary care physician.
The control group received printed materials about smoking cessation, healthy eating, weight management and physical activity. A report was sent to the participant’s primary care physician if the critical threshold values for blood pressure or lipids were exceeded.

Outcome measures
The primary outcomes were the ratio of total cholesterol to high-density lipoprotein (HDL) cholesterol, weekly minutes of moderate and vigorous physical activity, and the number of daily servings of fruits and vegetables consumed.
The secondary outcomes were plasma lipid levels (total cholesterol, LDL cholesterol, HDL cholesterol and triglycerides); glucose level; blood pressure; smoking status; waist circumference; body mass index; and the use of blood pressure, lipid-lowering and smoking cessation medications.
We estimated the incremental costs of the intervention based on the amount of time the health educators spent providing counselling and managing participant contacts. We derived the costs by multiplying the quantities of resources used by the unit costs.

Statistical analysis
We estimated a sample size of 426 participants based on minimal clinically important differences between groups of 10% for the ratio of total to HDL cholesterol,25 30 minutes of moderate to vigorous physical activity per week26 and 1 daily serving27 of fruits and vegetables, assuming 80% power and dividing our α value (0.05) by 3 to account for multiple outcomes. Our primary analysis was intention to treat; however, our sample size assumed 30% loss to follow-up, which allowed a secondary, complete case analysis (data not shown).
We used linear mixed models for repeated-measures analyses to evaluate between group differences for all continuous outcomes. We included group by time interaction, and the baseline value of the variable and other variables associated with missing data were included as covariates. We conducted pair-wise comparisons of simple main effects for variables with significant interaction effects to investigate differences at each follow-up time. We used χ2 testing for analyses of between-group differences in smoking cessation and use of blood pressure, lipid-lowering and smoking cessation medications. We conducted exploratory analyses to examine the effects after stratification by relationship to the index patient (sibling, offspring or spouse).
Analyses were conducted using SPSS 21.0 (IBM Corporation).


Results
Participants
Between 2007 and 2010, we screened 835 individuals. Of these, 457 were eligible, and 426 (93.2% of eligible people) agreed to participate (Figure 1). Participants were randomly assigned to the heart-health intervention (n = 211) or control (n = 215). In total, data were available for 83.1% of participants from the 3-month assessment and 74.2% of participants from the 12-month assessment, with no differential loss between groups. Participants with missing data were younger (45.0 ± 11.5 v. 51.9 ± 11.1 years; p = 0.004) and at lower risk of CAD based on the Framingham Risk Score (5.2 ± 5.9 v. 5.9 ± 7.2% risk; p = 0.02) at baseline. We adjusted for these covariates in our analyses. Baseline characteristics are shown in Table 1. The predicted 10-year risk of myocardial infarction or cardiac death based on the Framingham Risk Score was high (≥ 20%) in 6.1% of participants.
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Figure 1: Flow of participants through the trial.
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Table 1: Baseline characteristics of the trial participants, by group




Adherence to treatment
Following baseline assessment, 91 letters with indications for medical care were sent to primary care physicians for patients with blood pressure or lipid values that exceeded the thresholds (46 participants in the intervention group and 45 in the control group). At the 3-month assessment, 27 participants in the intervention group and 25 in the control group reported having an appointment with their physician since the baseline assessment. Following the 3-month assessment, 70 letters were sent to primary care physicians (31 participants in the intervention group and 39 in the control group). At the 12-month assessment, 25 participants in the intervention group and 20 in the control group reported having an appointment with their physician since the 3-month assessment. Participants in the intervention group completed a median of 15 of the 17 counselling sessions (range 0–17 sessions; interquartile range 11–17 sessions).

Outcomes
The effects of the heart-health intervention on continuous outcomes are presented in Table 2. We found no effect of the intervention on the ratio of total cholesterol to HDL cholesterol; however, those in the intervention group reported consuming more fruits and vegetables (p < 0.001). There was a significant group by time interaction for physical activity (p = 0.03). At the 3-month assessment, participants in the intervention group reported 65.8 more minutes of physical activity each week (95% confidence interval [CI] 47.0–84.7 min) compared with those in the control group (Table 3). At 12 months, participants in the intervention group reported 23.9 more minutes each week (95% CI 3.9–44.0 min) than control participants. The intervention had a significant effect on body mass index (p = 0.006) and waist circumference (p = 0.02), but not on levels of other lipids or fasting glucose or blood pressure (p > 0.05 for all). Overall, 17.9% (7/39) of participants who reported smoking at baseline had stopped smoking by the end of the follow-up period. The nonsmoking rate was 30.0% in the intervention group compared to 5.3% in the control group (odds ratio 7.7, 95% CI 0.7–190.9).
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Table 2: Between- and within-group comparisons for the family heart-health intervention (n = 211) and control (n = 215) group
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Table 3: Pair-wise comparisons of estimated marginal means* at each time for physical activity with significant treatment group by time of follow-up interaction effects



Between-group comparisons for the use of antihypertensive, lipid-lowering and smoking-cessation medications are shown in Table 4. The use of all medications tended to increase over time. Among participants who had letters sent to their physician with indications for medical care, new antihypertensive medication was started in 7 participants in the intervention group and 9 in the control group. New lipid-lowering medication was started in 4 participants in the intervention group and 7 participants in the control group.
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Table 4: Use of antihypertensive, lipid-lowering and smoking-cessation medications among participants in the heart-health intervention (n = 211) and control (n = 215) groups at baseline and follow-up



We estimated the incremental cost of providing the intervention to be $240 per participant; this assumed 5.3 hours of counselling and contact management time (1:1 ratio) at $45/hour.
We conducted an exploratory stratified analyses to examine the effect of the participant’s relationship to the index patient (Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.130550/-/DC1). The effects of the intervention on fruit and vegetable consumption and body mass index were consistent across strata. The effect of the intervention on physical activity were greatest among spouses. Among spouses, the intervention also reduced total cholesterol and LDL cholesterol levels. Among offspring, beneficial effects of the intervention were observed for waist circumference, and among siblings the intervention reduced triglyceride levels.


Interpretation
A heart-health intervention led by a health educator and aimed at family members of patients with CAD did not improve the ratio of total cholesterol to HDL cholesterol among participants, but increased physical activity and fruit and vegetable consumption were reported. Measures of obesity were also improved in the intervention group relative to the control group.
The effects of the heart-health intervention in motivating and enabling behaviour changes are impressive and clinically important. Self-reported changes in physical activity, dietary patterns and smoking cessation were corroborated by improvements in objective measures such as body mass index, waist circumference and expired carbon monoxide. The intervention was likely more effective than control because it incorporated cognitive behavioural strategies, including goal-setting, self-monitoring, frequent and prolonged contact, feedback and reinforcement, self-efficacy enhancement, problem-solving and relapse prevention.28 In contrast, primary care physicians typically use less-effective techniques for behaviour change, such as advising and providing generic patient handouts.29
We sent letters to participants’ primary care physicians if blood pressure or lipid levels exceeded critical levels, and we relied on the primary care physicians to initiate or adjust treatments to manage these risk factors. A similar number of letters were sent to physicians in both groups, and it appears that the physicians took steps to address these risk factors.
Three other trials have tested interventions to reduce risk of CAD in family members of patients with CAD. A European randomized controlled trial reported that risk assessment followed by 8 sessions of lifestyle counselling with a nurse and management of risk factors with drugs increased exercise levels, fruit and vegetable consumption and smoking cessation at 52-week follow-up among partners of patients with heart disease.30 There were no significant effects on waist circumference, blood pressure, total cholesterol, LDL cholesterol or medication use. A randomized controlled trial involving family members who lived with an index patient found that screening for coronary risk factors followed by 5 counselling sessions with a health educator over a 12-month period and progress reports faxed to primary care providers had no effect on the primary outcome (LDL cholesterol at 1 year).31 However, there was less reduction in HDL cholesterol, greater improvement in dietary quality and a greater likelihood that participants exercised more than 3 times per week compared with participants in the usual care group. A randomized controlled trial involving siblings of black index patients with premature coronary heart disease (< 60 yr) found that care by a nurse practitioner and community health worker at a drop-in centre that included free medication and fitness centre passes made it twice as likely that participants would achieve their LDL cholesterol and blood pressure goals at 1 year.32 Our intervention had a greater effect on adiposity and similar effects on physical activity and dietary behaviours compared with these trials. The only trial that has shown effects on lipids and blood pressure enrolled marginalized patients and provided free medication for lowering cholesterol and blood pressure.32
During the study period, we found that family members were interested in learning about their personal cardiovascular risk and strategies to mitigate that risk. Hospitalization of a spouse, sibling or parent provided an opportunity to engage family members. Screening for risk factors alone was sufficient to prompt many participants to take actions to reduce their risk, as shown by changes in the control group. Participants in the intervention group were willing to interact frequently with health educators and completed a high percentage of scheduled contacts. These contacts occurred mostly over the phone, thereby reducing patient burden and program costs. High participant engagement and a reasonable cost per participant ($240) suggest that the intervention is feasible in nontrial settings. The effect of the intervention on health behaviours was greatest in the first 3 months when the frequency of contacts was highest. Additional work is required to identify the optimal schedule for contact. We did not require consent from participants’ primary care physicians for trial participation, but we believe that stronger partnerships between counsellors and physicians would enhance the effects on lipid levels and blood pressure. Our intervention may be of most benefit to people at higher risk (e.g., those with diabetes) and should be evaluated in this population.
Strengths and limitations
Our randomized design was robust with blinded outcome assessment. The 93% recruitment rate is substantial for a trial involving intensive counselling in primary prevention. Participants in the intervention group completed a high percentage of the counselling sessions (88%). The risk profile of our sample was similar to Canadian population levels gathered over a similar period.33
Our study had some limitations. We recruited a small proportion of people at medium or high risk of CAD; we excluded those with known diabetes or established cardiovascular disease because we assumed that they were already receiving medical care. Our participants were primarily well-educated white people who lived in urban areas. Participants who volunteer for trials may be more motivated than those who do not.

Conclusion
A family heart-health intervention led by a health educator did not improve the ratio of total cholesterol to HDL cholesterol, but increased physical activity and fruit and vegetable consumption among family members of patients with CAD. This intervention may be an important adjunct to primary care. Effects on cardiovascular events, mortality and health care use should be determined.
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