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Abstract
Aim Healthy lifestyle behaviors and a good adherence to pharmacological treatments are important predictors of lower recur-
rence rates and better overall outcomes among patients with an established acute coronary syndrome (ACS). The present study
sought to investigate the longitudinal trajectories of these behaviors years after the onset of an ACS.
Subject and methods We recruited a sample of 275 newly diagnosed consecutive patients at their first ACS event (mean age:
57.1 ± 7.87 years; 84% males) admitted to a cardiac rehabilitation program from three large public hospitals in Northern Italy.
Patients completed a battery of sociodemographic questionnaires, which evaluated healthy lifestyles (smoking status, alcohol
intake, diet, and physical activity) and adherence to pharmacological treatments, at five time-points (pre-event, 6-, 12-, 24-, and
36-month follow-ups). Longitudinal trajectories were examined through hierarchical (generalized) linear models, controlling for
several demographic and clinical variables.
Results We found significant changes in all healthy lifestyles from pre-event to the 6-month follow-up, suggesting the adoption of
healthier behaviors soon after the cardiac event. However, from the 6-month up to the 3-year follow-up, patients experienced small
but significant declines in their self-reported levels of healthy dietary behaviors and physical activity. Further, we found that the odds
of being at medium risk of non-adherence to the pharmacological treatments significantly increased over the course of 3 years.
Conclusion Given the negative long-term trajectories in specific lifestyles and adherence to pharmacological treatments, cardiac
rehabilitation programs are suggested to provide repeated psychological interventions aimed at fostering patients’ capabilities to
self-regulate their habitual behaviors.
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Acute coronary syndrome (ACS) is one of the most frequent
causes of hospitalization in developed countries (Piepoli et al.
2016), and it is associated with high rates of morbidity, mor-
tality, and a substantial economic and psychosocial burden

(Nabel and Braunwald 2012; Piepoli et al. 2016; Ruff and
Braunwald 2010). Patients with ACS also have a higher risk
of recurrent cardiovascular events (Piepoli et al. 2016), and
thus their clinical management is challenging. Modifiable risk
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factors (regardless of gender, ethnicity or geographic origin)
account for more than 90% of the risk of an initial acute
myocardial infarction (regardless of gender, ethnicity or
geographic origin; ESC Scientific Document Group et al.
2017; Yusuf et al. 2004), suggesting that ACS is a largely
preventable disorder (ESC Scientific Document Group et al.
2017; Nabel and Braunwald 2012; Yusuf et al. 2004).

Some of the most important risk factors are individual life-
style (i.e., smoking, alcohol intake, unhealthy dietary habits, and
physical inactivity), which accounts for between 12.5% and
26.4% of population-attributable risk (Yusuf et al. 2004).
Most of these adverse effects are reversible, with cardiovascular
risk decreasing substantially once a positive, stable lifestyle
change is reached (e.g., within the first 2 years of smoking
cessation, or with at least 30 min of moderate to vigorous
aerobic exercise five times a week; Erhardt 2009; Piepoli et al.
2016). This suggests that the management of lifestyle behaviors
is a highly cost-effective intervention in secondary prevention
and cardiac rehabilitation settings, which could effectively im-
prove the prognosis of adherent patients by reducing morbidity,
mortality, and the risk of recurrent events (Chow et al. 2010;
Fattirolli et al. 2018; Ford et al. 2007; Ibanez et al. 2017; Peersen
et al. 2017; Piepoli et al. 2016). Indeed, the guidelines on car-
diovascular disease prevention of the Joint European Societies
(JES) of Cardiology suggest that rehabilitation programs for
individuals with ACS should (i) focus on lifestyle recommen-
dations and (ii) promote a strict adherence to the pharmacolog-
ical treatment (e.g., daily assumption of anti-platelets, statins,
and beta-blockers; Piepoli et al. 2016). However, less than
50% of new AMI cases are prescribed with appropriate second-
ary prevention treatments at discharge (Tea et al. 2018), while
the compliance to these regimens tends to decline within
6 months of discharge from hospital (Chow et al. 2010;
Kotseva et al. 2019; Tang et al. 2013). In addition, a recent study
evidenced that both patients with a history of heart disease or
newly diagnosed ones have poor knowledge and awareness of
their cardiovascular risk factors, suggesting the need of improv-
ing patients’ understanding of the disease and their compliance
to a cardioprotective lifestyle (Wójcicki et al. 2020).

To date, the long-term data on these outcomes are missing,
and therefore the trajectories of healthy behaviors years after the
onset of an ACS remain unknown. Given the clinically signif-
icant impact that evidence on this topic would provide, further
studies are warranted. Therefore, in the current study we sought
to investigate longitudinal trajectories and associated baseline
predictors of (i) adherence to pharmacological treatments, and
(ii) four unhealthy lifestyle behaviors (i.e., tobacco use, alcohol
intake, unhealthy dietary habits, and physical inactivity, which
are comprised among the cardiovascular health metrics of the
American Heart Association; Lloyd-Jones Donald et al. 2010),
in a cohort of 275 consecutive ACS patients at their first coro-
nary event. These patients are in an awkward situation since
they are at a point in their lives where they have to face a

shocking event and receive multiple demands to change their
lifestyles. A deeper knowledge on how pharmacological adher-
ence and health relayed behaviors develop over time may help
to personalize early interventions of secondary prevention,
making them more effective. Participants were assessed at 5
time-points, namely at baseline (i.e., soon after discharge from
coronary care units and at the beginning of cardiac rehabilita-
tion (CR) programs, where they retrospectively reported infor-
mation on their behaviors before the onset of the cardiac event),
6 months, and at 1, 2, and 3 years after the cardiovascular event.
We modeled the individual rate of change from pre-event over
the course of 3 years follow-up through an advanced statistical
technique, namely hierarchical linear models (HLMs) with a
piecewise regression approach. We tested two hypotheses.
First, we examined if patients would experience longitudinal
decreases in adherence to pharmacological treatments, from
the 6-month to the 3-year follow-up, as suggested by previous
studies that followed cardiovascular patients for 12 months
(e.g., Crowley et al. 2015; Molloy et al. 2014). Second, we
examined if patients would experience strong increases in the
four lifestyle behaviors from pre-event to 6-months after, and
small but significant decreases from the 6-month to the 3-year
follow-up, as suggested by previous studies that followed pa-
tients for 6 or 12 months (e.g., Chow et al. 2010; Kotseva et al.
2019; Steca et al. 2017; Tang et al. 2013). In essence, we expect
to replicate findings from previous longitudinal studies in a
much longer and unexplored period of time than previously.
In both hypotheses, we examined the extent to which baseline
patient characteristics were associated with these trajectories,
thus adjusting all analyses for potential sociodemographic
(i.e., age, sex, educational level, working, living, and marital
status) and clinical confounders (i.e., family history, and a di-
agnosis of hypertension, diabetes, dyslipidemia or obesity).

Method

Study design

From February 2011 to October 2013, after discharge from cor-
onary care units (usually from 3 to 10 days after the acute event),
ACS patients at their first coronary event were recruited from
three large Italian public hospitals (Azienda Ospedaliero-
Universitaria Careggi of Florence, Istituti Clinici di
Perfezionamento Hospital of Milan, and Azienda Ospedaliera
Bolognini of Seriate). Given that comparing CR and non-CR
patients was not an objective of this research, the study popula-
tion was composed of patients attending a CR program for
greater ease of recruitment. Eligible patients were between age
30 and 80 and had sufficient Italian language skills. The exclu-
sion criteria were: comorbidity with other major pathologies
such as cancer, or the presence of cognitive deficits due to a
diagnosed neurological disease. Those who fulfilled the
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eligibility criteria were recruited by physicians during their reha-
bilitation treatment at the hospital. After the first data collection,
patients were re-evaluated at four subsequent follow-ups (after
6months, 1, 2, and 3 years). At each time-point, anthropometric,
clinical, and behavioral data were gathered: information on life-
style before the onset of ACS was retrospectively collected dur-
ing the first study visit, while that on adherence to pharmaco-
logical treatments was collected during the follow-ups.

The study was approved by the Bio-Ethics Committee of
all the institutions involved in the research project. Each par-
ticipant provided written informed consent prior to their
enrollment.

Measures

Adherence to pharmacological treatments Participants’ ad-
herence to pharmacological treatments was examined by the
Morisky Green Levine Medication Adherence Scale (MGLS;
Morisky et al. 1986), a 4-item dichotomous (yes/no) measure
of adherence to medications. The total scores on the MGLS
range from 0 to 4: a score of 0 indicates a low risk of non-
adherence, scores of 1 or above reflect a medium risk of non-
adherence to the pharmacological treatments, while scores of
3 or above indicate a high risk (Morisky et al. 1986). The
MGLS evidenced fair psychometric properties (Morisky
et al. 1986).

Diet Dietary behavior was measured using the Italian version
of the Mediterranean Diet Scale (MDS; Steca et al. 2015;
Trichopoulou et al. 2003). The MDS is a 9-item self-report
questionnaire that measures the weekly consumption of nine
foods using a 6-point Likert scale (from 1 =Never to 6 =More
than three times per day). The consumption of both beneficial
(i.e., vegetables, fruits, whole grains, fish, legumes, olive oil)
and detrimental foods (i.e., more than two glasses of wine per
day for men and more than one glass of wine for women,
butter and margarine or vegetable oil other than olive oil, red
or processed meat) was assessed. The sum of the recoded
responses yielded the MDS, with higher scores indicating a
healthier diet. A score of four and above shows good adher-
ence to the Mediterranean diet and has been related to good
health outcomes (Trichopoulou et al. 1995). The MDS has
demonstrated good internal consistencies and construct valid-
ity (Steca et al. 2015; Trichopoulou et al. 2003).

Physical activity Physical activity was examined by the Italian
version of the Rapid Assessment of Physical Activity
Questionnaire (RAPA-Q; Topolski et al. 2006), a 7-item mea-
sure of frequency and intensity of participants’ physical activ-
ity. The questionnaire uses a yes/no scale. The total score
ranges from one (i.e., sedentary) to seven (i.e., regular and
vigorous activity), with higher scores indicating a healthier
amount of physical activity. Scores of 6 or 7 (i.e., at least

30 min of moderate to vigorous aerobic exercise five times a
week) indicate the target amount of physical activity for car-
diovascular prevention. Previous research has shown that
RAPA-Q is a psychometrically sound questionnaire
(Topolski et al. 2006).

Alcohol consumption behavior Participants’ total alcohol in-
take was computed as the mean consumption of beer, wine
(for both questions, the scale ratings were 0 = “I do not drink
wine/beer”, 1 = “up to 2 glasses per day”, 2 = “3 to 4 glasses
per day”, 3 = “more than 4 glasses per day”), and spirits (the
scale ratings were 0 = “I do not drink liquor”, 1 = “a shot glass
a few times per year”, 2 = “a shot glass regularly (e.g., every
week, after all meals)”, 3 = “more than one shot glass regu-
larly (e.g., every week, after all meals)”). Higher total scores
reflect higher alcohol consumption.

Cigarette smoking behavior Participants’ smoking behavior
was measured with the question “How many cigarettes do
you smoke per day?”. The scale ratings were 0 = “No ciga-
rettes”, 1 = “10 cigarettes or fewer per day”, 2 = “11–20
cigarettes per day”, 3 = “21–30 cigarettes per day”, and 4 =
“31 or more cigarettes per day”.

Anthropometric and clinical dataAnthropometric and clinical
parameters were measured according to European guidelines
(e.g., Piepoli et al. 2016) and evaluated by routine standard
hospital methods and procedures.

Data analysis

Changes in total MDS score (diet), levels of physical activity,
and alcohol consumption from 6 months post-event to the 3-
year follow-up were evaluated using two-level hierarchical
linear models (HLMs), while smoking status and adherence
to pharmacological treatments (two dichotomous variables)
were analyzed using hierarchical generalized linear models
(HGLMs). H(G)LMs are one of the best statistical methods
to examine longitudinal changes in nested data (Raudenbush
and Bryk 2002). Their main advantage is the flexibility in
handling missing data (Gallop and Tasca 2009), a common
occurrence in longitudinal studies.

First, we ran a pattern mixture model to evaluate if data
were missing at random and if having any missing data was
significantly related to outcomes (Gallop and Tasca 2009).
Then, we tested the hypotheses on lifestyle behaviors using
piecewise regression models in H(G)LM, in which two level-
1 “time” parameters were included to model the slope discon-
tinuity from pre- to 6 months post-cardiovascular event
(Singer and Willett 2003). Finally, data on adherence (from
the 6-month to the 3-year follow-up) were analyzed using
H(G)LM, adding a linear time parameter and controlling for
its starting values at the 6-month.
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H(G)LM analyses were adjusted for several confounding
demographic and clinical variables, namely age, sex, working
status (not working vs working), educational level (less than
high school vs high school or higher), living status (alone vs
with someone), marital status (single/widowed/divorced vsmar-
ried), family history, hypertension, diabetes, dyslipidemia, and
obesity (all the latter were: not present vs present). We addition-
ally assessed and reported pseudo-R2, a measure of HLMs’
effect sizes indicating the proportion of within-person variance
accounted for by adding the linear parameters (Raudenbush and
Bryk 2002). All multilevel models and further information on
piecewise regressions are reported in the Appendix.

We controlled for the inflation of type I error using the
Benjamini–Hochberg Procedure for False Discovery Rate
(Benjamini and Hochberg 2000) on all the resulting p values.
Analyses were performed using the Statistical Package for
Social Sciences (SPSS; IBM Corp., Boston, 2015) version
25.0 and Hierarchical Linear Models (HLM; SSI Inc.,
Lincolnwood, 2015) version 7.0.3. All statistical tests were
two-tailed, and a p ≤ .05 was considered statistically
significant.

Results

Study population

A total of 300 consecutive patients with ACS admitted to a CR
program and who fulfilled the eligibility criteria were invited
to participate in the study, 25 of whom refused. Thus, the
study population included 275 patients at their first coronary
event, aged 57.1 ± 7.87 years; 84% were males and 16% fe-
males; their mean BMI was 27.2 ± 4.1 kg/m2, and their mean
waist circumference [WC] was 96.5 ± 11.1 cm. All of them
were Caucasian.

As regards drop-outs, 12.7% of patients were absent at the
6-month, 14.9% at the 1-year, 20.7% at the 2-year, and 33.1%
at the 3-year follow-up (see Fig. 1 for the flow of participants
through the study). In comparison, percentages of drop-outs at
1-year follow-up were similar to those reported in other
European studies on ACS patients (e.g., Munyombwe et al.
2020). Causes of drop-out included: loss to follow-up, reloca-
tion, refusal and, in a small minority of cases, untraceability of
the patient. It is worth noting that the statistical techniques
adopted in this study enabled us to use all the data available
and not only those provided by completers. Therefore, the
final number of participants remained 275. We further com-
pared the sociodemographic and clinical characteristics of
dropouts with those of completers through chi-square and
Mann–Whitney U tests. After correcting for the inflation of
p values, we found no statistically significant differences be-
tween the two groups (see Tables 1 and 2 for means, SD,
counts, proportions, and p values). We additionally tested if

the data was missing at random using a pattern mixture model
(Gallop and Tasca 2009): the non-significant effects of the
missing data pattern (dropouts vs completers) suggested that
all data were missing at random and that the estimates of
effects were unbiased by the presence of dropouts (Kristman
et al. 2004). Thus, those who dropped out did not have worse
lifestyle behaviors than completers.

Almost all patients were prescribed pharmacological treat-
ment for ACS, consisting of antiplatelet drugs (99% of pa-
tients), beta-blockers (89%), statins (97%), sartans or ace-
inhibitors (99%). The pharmacological treatment did not sig-
nificantly change over time (Steca et al. 2017). Finally, during
the study period the percentage of patients re-hospitalized due
to cardiac problems at each time point was lower than 6%.

Further demographic and clinical variables are reported in
Tables 1 and 2.

Preliminary analyses

Preliminary analyses found no univariate outliers or violations
of normality in any of the continuous variables, except for
“smoking status.” Responses to this question were dichoto-
mized (non-smoking/smoking) due to the non-normal distri-
bution of cigarettes smoked per day. Further, only a small
proportion of participants reported the highest risk of non-
adherence (i.e., a total score ≥ 3 on the MGLS; see Table 3);
therefore, analyses were run considering total scores ≥1 on the
MGLS (which indexes individuals with a medium-to-high
risk of non-adherence) as an occurrence.

Means and standard deviations for all variables across all
time points are reported in Table 3.

Longitudinal changes in adherence to
pharmacological treatments

Results highlighted longitudinal increases in non-adherence
from 6 months post-treatment to the 3-year follow-up (OR =
1.26). Interestingly, marital status had a significant effect on
the longitudinal slope of the dependent variable (β = 0.52; p =
0.005, OR = 1.68), suggesting that those who were not mar-
ried worsened over time (i.e., experienced a progressively low
adherence to pharmacological treatments), compared to those
who were married. No other predictors were significant.

Longitudinal changes in lifestyle behaviors

As regards dietary behaviors, we found significant increases
across all patients from pre-event to 6 months after (i.e., the
“Time.1” slope β10), and these increases were higher among
those with hypertension (β = 0.85; p = 0.005). However, those
who were older had reduced increases (β = −0.07; p = 0.007),
compared to those who were younger. We additionally found
significant longitudinal decreases in the levels of dietary
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behaviors from the 6-month to the 3-year follow-up (i.e., the
“Time.2” slope β20); this decrease was smaller among older
patients (β = 0.01; p = 0.009) than younger ones and among
those with hypertension (β = −0.16; p = 0.008). No other pre-
dictors were significant.

As regards physical activity, we found significant increases
across all patients from pre-event to 6 months after; patients
with higher educational levels (β = 1.42; p = 0.004) had steep-
er increases compared to those with lower education.
However, there was a significant longitudinal decrease in
levels of physical activity from the 6-month to the 3-year
follow-up. No other predictors were significant.

As regards alcohol consumption, before the onset of the
cardiovascular disease younger individuals (β = −0.02; p =
0.002), males (β = −0.72; p < 0.001) and workers (β = 0.38;
p < 0.001) had worse alcohol outcomes. We found significant
decreases in alcohol consumption across all patients from pre-
event to 6 months after. No longitudinal changes from the 6-

month to the 3-year follow-up were found in this specific be-
havior. However, those with a diagnosis of dyslipidemia report-
ed longitudinal increases over time in alcohol consumption
(β = 0.07; p = 0.004). No other predictors were significant.

As regards smoking behavior, before the onset of the car-
diovascular disease, younger individuals (β = −0.09;
p < 0.001, Odds Ratio [OR] = 0.92) and those who were mar-
ried (β = −1.51; p < 0.001, OR = 0.23) smoked less. We found
significant decreases in smoking behavior across all patients
from pre-event to 6 months after (OR = < 0.01); those who
were married (β = 3.39; p = 0.004, OR = 0.13) changed less,
from pre-event to 6-months after. No longitudinal changes in
this specific behavior were found from the 6-month to the 3-
year follow-up. No further predictors were significant.

All regression coefficients, standard errors, t and p values
for β10 (i.e., the unstandardized regression coefficient for the
average rate of growth from pre-event to 6 months after) and
β20 (i.e., the unstandardized regression coefficient for the

Fig. 1 Flow of participants
through each stage of the study
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average rate of growth from the 6-month to the 3-year follow-
up) slope parameters are reported in Table 4.

Discussion

Investigating longitudinal trajectories of lifestyle behaviors
and adherence to pharmacological treatments among patients
with cardiovascular diseases after their first acute coronary
event represents one of the greatest challenges in preventive
cardiology. In the current prospective cohort study, we found
that—on average—the 275 newly diagnosed ACS patients
experienced significant increases in the levels of healthy be-
haviors from before the cardiovascular event to 6 months
after. However, from post-event to the 3-year follow-up, pa-
tients showed a significant decline in the levels of healthy
dietary habits and physical activity, while no changes in

alcohol consumption or smoking status were observed. In
addition, adherence to pharmacological treatments showed
a statistically significant decrease over time. Thus, years af-
ter their admission to CR programs, patients experience dif-
ficulties in adhering to their pharmacological treatments and
to some of the most challenging recommended lifestyle mod-
ifications, namely healthy dietary habits and physical
activity.

Our results are in agreement with and greatly extend results
from previous studies (e.g., Crowley et al. 2015; Kotseva et al.
2019; Molloy et al. 2014; Peersen et al. 2017; Urbinati et al.
2014; Wójcicki et al. 2020). For example, recent reports sug-
gest that 40–50% of patients with established cardiovascular
diseases do not consistently take their recommended medica-
tions, suggesting that non-adherence is a common occurrence
among these individuals (Crowley et al. 2015; Molloy et al.
2014). Wójcicki et al. (2020) recently showed that patients

Table 1 Sociodemographic characteristics of the entire sample (N = 275), completers (N = 184), and dropouts (N = 91)

Sociodemographic variables ACS patients (N = 275) Completers (N = 184) Dropouts (N = 91) p value

Age, mean (SD) 57.1 (7.87) 57.1 (8.03) 56.9 (7.60) .89
Gender, n (%) .62
Male 231 (84) 156 (84.8) 75 (82.4)
Female 44 (16) 28 (15.2) 16 (17.6)

Working status, n (%) .89
Working 111 (40.4) 74 (40.2) 37 (41.1)
Not working 163 (59.3) 110 (59.8) 53 (58.9)

Educational level, n (%) .017*
Less than high school 141 (51.3) 85 (46.2) 56 (61.5)
High school or higher 134 (48.7) 99 (53.8) 35 (38.5)

Living status, n (%) .50
Alone 34 (12.4) 21 (11.4) 13 (14.3)
With someone 241 (87.6) 163 (88.6) 78 (85.7)

Marital status, n (%) .82
Single/widowed/divorced 78 (28.4) 53 (28.8) 25 (27.5)
Married 197 (71.6) 131 (71.2) 66 (72.5)

*This p value was not significant after the Benjamini–Hochberg correction for false discovery rate

Table 2 Clinical characteristics of the sample (N = 275), completers (N = 184), and dropouts (N = 91)

Clinical variables ACS patients (N = 275) Completers (N = 184) Dropouts (N = 91) p value

BMI, mean (SD) 27.2 (4.1) 26.8 (4.0) 28.0 (4.2) .013*
Waistline, mean (SD) 96.5 (11.1) 95.2 (11.0) 99.2 (10.8) .005*
Clinical presentation, n (%) .88
Non-ST elevation myocardial infarction (NSTEMI) 54 (19.8) 37 (20.2) 17 (18.9)
ST elevation myocardial infarction (STEMI) 196 (71.8) 131 (71.6) 65 (72.2)
Unstable angina 23 (8.5) 15 (8.2) 8 (8.9)

Percutaneous coronary intervention, n (%) 258 (94.5) 176 (95.7) 82 (92.1) .36
Patients with at least one stent, n (%) 263 (96) 177 (96.2) 86 (94.5) .46
Risk factors, n (%)
Hypertension 127 (46.5) 80 (43.5) 47 (52.8) .15
Dyslipidemia 143 (52.4) 92 (50) 51 (57.3) .26
Diabetes 47 (17.2) 29 (15.8) 18 (20.2) .36
Obesity 43 (15.8) 20 (46.5) 23 (53.5) .034*
Family history 108 (39.3) 73 (39.7) 35 (39.3) .96

Systolic blood pressure (SBP), mean (SD) 115.9 (13.9) 116.2 (13.2) 115.8 (14.3) .61
Diastolic blood pressure (DBP), mean (SD) 72.9 (8.5) 72.2 (8.7) 73.3 (8.4) .39

*These p-values were not significant after the Benjamini–Hochberg correction for false discovery rate

J Public Health (Berl.): From Theory to Practice



with a cardiovascular disease experience insufficient changes
in individual lifestyle after a percutaneous coronary interven-
tion, and report an overall poor awareness of the cardiovascu-
lar risk factors. Moreover, a large European cross-sectional
study on 8261 patients interviewed approximately 1 year after
their first cardiac event showed that most of them failed to
achieve the healthy lifestyle targets set by the Joint
European Societies of Cardiology (Kotseva et al. 2019).

In our study, adherence to pharmacological treatments de-
creased over time, suggesting that the risk of (moderate) non-
adherence significantly increases up to 3 years post-follow-up.
Moreover, being married was a significant protective factor:
those who were married reported an increase in adherence over
time in comparison to non-married participants, who experi-
enced a worsening in this specific outcome. This result con-
firms the crucial protective role of social support in fostering
a high adherence to treatment in cardiovascular pathologies as
suggested by previous studies (Magrin et al. 2014). It is worth
noting that the number of those considered at the highest risk of
non-adherence (i.e., with scores ≥3 on the Medication
Adherence Scale) was very low, with few occurrences during
the latter time points (see Table 3). On the contrary, a percent-
age of patients ranging from 38% to 42% self-reported a mod-
erate risk of non-adherence to pharmacological treatments (i.e.,
with scores ≥1 on theMedication Adherence Scale), suggesting
that at least 1/3 of patients with ACS sometimes forget to take
medication, or stop taking it due to its adverse effects.

As regards dietary habits, mean levels of the Mediterranean
Diet Scale scores after the cardiovascular event were all above
the suggested cut-off score of four (see Table 3), which has been
related to positive health outcomes (Trichopoulou et al. 1995).
However, this adherence declined over time. We found that be-
ing older was associated with greater difficulties in changing
dietary habits from pre- to 6 months post-event. Despite this,
older adults experienced less change in this habit up to 3-years
follow-up, compared to younger adults: in other words, they
were more perseverant and complied better to this specific regi-
men, once a positive changewas reached.We suppose this is due
to a greater tendency to adopt stable behaviors in older adults as

well as to a deeper awareness of the disease, which in turn could
be underestimated by younger adults. Furthermore, we may sup-
pose that they have also receivedmore recommendations in view
of their condition of greater risk due to age. Interestingly, those
with hypertension showed the opposite pattern of change (i.e., an
initial steeper increase in this healthy behavior followed by a
worsening up to the 3-year follow-up). Given that hypertension
is a major risk factor for cardiovascular disease (Middeke et al.
2008), one could argue that these patients received more health-
related suggestions at intake, which initially led to better out-
comes that were later disregarded as time went on. We need to
remember that hypertension is often defined as a silent pathology
as hypertensive people usually do not experience serious symp-
toms (Middeke et al. 2008). Therefore, this condition may con-
tribute to patients’ underestimation of the importance of preven-
tive behaviors.

Adherence to good levels of physical activity is one of the
most difficult goals to reach and maintain among patients with
CVDs (Kotseva et al. 2019; Tang et al. 2013), with only 17% of
the individuals affected by a cardiovascular disease meeting the
guideline-recommended amounts per week (Tang et al. 2013). In
our study, patients reported sub-optimal amounts of physical
activity at each time-point (i.e., with a total RAPA-Q score below
6 or 7 points; see Table 3); moreover, the gains reached soon
after the CR program declined linearly over the course of 3 years.
Higher educational levels predicted higher physical activity from
pre- to 6 months post-event, confirming the protective effect of
this specific demographic variable (Aaby et al. 2017; Cutler and
Lleras-Muney 2010; Veronesi et al. 2016).

Findings suggest that smoking status and alcohol consump-
tion are lifestyle behaviors whose change seems easier to main-
tain. We found that after the acute cardiovascular event, there
were no significant changes in their levels up to the three-year
follow-up. Our results are partly in accordance with a previous
cross-sectional study performed in theUS, wheremore than 70%
of persons with known coronary heart disease interviewed ap-
proximately 1 year after the event were non-smokers and at the
recommended levels of alcohol consumption (Tang et al. 2013).
We additionally found few predictors of change in both

Table 3 Means, standard deviation, and frequencies for the behavioral outcomes (diet, physical activity, alcohol consumption behavior, cigarette smoking
behavior, and adherence to pharmacological treatments) during all time points (pre-event, 6-month, 1-, 2-, and 3-year follow-up)

Pre * 6 months 1 year 2 years 3 years

N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD)

Diet 275 3.40 (1.40) 240 4.37 (1.47) 234 4.30 (1.47) 218 4.13 (1.62) 184 4.09 (1.58)
Physical activity 275 4.20 (2.02) 240 5.47 (1.79) 234 5.36 (1.80) 217 5.17 (1.91) 183 5.12 (1.93)
Alcohol consumption 275 1.68 (0.79) 240 1.33 (0.71) 231 1.33 (0.73) 213 1.24 (0.73) 181 1.26 (0.73)
Smoking behavior: n (%) 274 154 (56.2%) 238 31 (13.0%) 230 28 (12.2%) 213 28 (13.1%) 180 21 (11.7%)
MGLS ≥ 3: n (%) % % 238 0 (0%) 231 1 (0.4%) 217 2 (0.9%) 182 6 (3.3%)
MGLS ≥ 1: n (%) % % 238 91 (38.2%) 231 89 (38.5%) 217 92 (42.5%) 182 77 (42.3%)

*Data on lifestyle behaviors at pre-event were collected retrospectively once patients were hospitalized. Smoking behavior refers to the number of smokers.
MGLS,Morisky Green Levine Medication Adherence Scale; A MGLS score of 1 or above is indicative of a medium risk of non-adherence to pharmacological
treatments, while a score of 3 or above is indicative of a high risk
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behaviors: for example, those with a diagnosis of dyslipidemia
reported longitudinal increases over time in alcohol consump-
tion. In addition, those who were married were more likely to
continue smoking from pre- to 6 months post-event, because
their odds of being smokers were already lower at intake (i.e.,
before the cardiovascular event) compared to thosewhowere not
married.

The current study has a series of limitations that must be
considered in interpreting our results. First, unhealthy lifestyles
before the onset of cardiovascular disease were measured retro-
spectively. This approachmay limit the reliability of our data, for
example due to the patients’ over- or underestimation of their real
healthy lifestyles prior to the onset of the cardiovascular disease.
Second, diet, physical activity, alcohol consumption, and ciga-
rette smoking were examined through self-report questions and
measures and not through an objective behavioral assessment.
The medical and psychological literature, however, has widely
adopted a self-report measurement of these healthy behaviors
(Steca et al. 2015, 2017; Topolski et al. 2006; Trichopoulou
et al. 2003), and any other methodology would be hard to be
maintained in an extended longitudinal study such as the current
one. Third, our study population was composed exclusively of
Italian patients, the vast majority of whom were male (84%),
partly limiting the generalizability of the current findings to other
ethnicities and to the female population. However, our sample is
representative of the gender distribution of ACS in Europe (e.g.,
Munyombwe et al. 2020).

Despite these limitations, our study has a number of strengths
and reports several original findings that suggest important impli-
cations for further research and practical applications in behavior-
al intervention for ACS patients. First, the study involved a ho-
mogeneous population of patients at their first cardiovascular
event. This is a crucial moment not only in their lives, as the event
is dramatic and unexpected most of the time, but also in terms of
cardiovascular secondary prevention. On one hand, the homoge-
neity of the sample may have limited the generalizability of the
findings, but on the other hand, it guarantees that results
completely apply only toACS patients at their first cardiovascular

event. Indeed, our conclusions are difficult to draw from those
studies that involve large groups of patients with very different
cardiovascular diseases and clinical characteristics. Second, the
study considers a multiplicity of health-related behaviors, unlike
other research that focused exclusively on a specific behavior.
This is important to detect common pathways and associations.
Third, patients’ lifestyles were analyzed over a long period of
time (3 years), enabling us to investigate how health-related be-
haviors evolve over time. Our results clearly show that the
greatest difficulty faced by patients is not changing lifestyles fol-
lowing a coronary event but maintaining the improvement over
time, probably due to the additional efforts required to preserve
these specific behaviors and healthy lifestyles. Furthermore, they
suggest that thismaintenance ismore difficult for individualswith
specific sociodemographic and/or clinical characteristics than
others. In conclusion, we suggest to promptly and accurately
evaluate patients’ lifestyles upon admission to the hospital, in
order to identify possible unhealthy behaviors and their co-occur-
rence. Subsequently, we suggest delivering appropriate multi-
target psychological intervention programs that have to be repeat-
ed over time, especially after the first year subsequent to the
cardiovascular event. Those programs should aim at fostering
patients’ capabilities to self-regulate their behaviors and increase
their beliefs about their self-efficacy (Greco et al. 2014; Vellone
et al. 2016), supposedly improving the prognosis of patients by
reducing mortality and the risk of recurrent events over time.
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Table 4 Fixed effects for the longitudinal changes in behavioral outcomes (diet, physical activity, alcohol consumption behavior, cigarette smoking behavior,
and adherence to pharmacological treatments)

Variable Fixed effects

β10 SE t values p β20 SE t values p df R2

Diet 1.62 0.15 11.05 <0.001 −0.11 0.028 −3.90 <0.001 258 0.25
Physical activity 2.13 0.23 9.24 <0.001 −0.12 0.04 −3.087 0.002 258 0.43
Alcohol consumption −0.63 0.07 −8.84 <0.001 −0.013 0.012 −1.13 0.26 258 0.31
Smoking behavior −6.10 0.46 −13.27 <0.001 −0.09 0.12 −0.78 0.43 258 %
Adherence 0.23 0.07 3.55 <0.001 % % % % 220 %

β10 = unstandardized regression coefficient for the average rate of growth from pre-event to 6 months after. β20 = unstandardized regression coefficient for the
average rate of growth from the 6-month up to the 3-year follow-up. SE, standard error of the regression coefficient; df, degrees of freedom (df are less than
expected due to a few missing data at level 2). R2 refers to pseudo-R2 indicating the proportion of within-person variance accounted for by adding the
“Time.1” and “Time.2” parameter to the model. Adherence was measured through the Morisky Green Levine Medication Adherence Scale
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Appendix

We assessed the uncontrolled effects of the pre- to 6 months
post-event changes in lifestyle behaviors (Diet, Physical activ-
ity, Alcohol consumption, and Smoking status) using piece-
wise regression models with two “time” parameters at level 1.

The first “time” parameter (Time.1) was set at “0” for
pre-event and “0.6” representing 6 months after the event
(i.e., the second evaluation), and “0.6” also for all subse-
quent measurement occasions. This modeled a linear in-
crease from pre- to 6 months post-event but no further
changes in behavioral data.

The second time parameter (Time.2) was set at “0” for
pre- and 6 months post-event, while the other time points
were then coded as “1.2,”“2.4,” and “3.6” to represent
the 1-year, 2-year, and 3-year follow-up. This modeled a
linear increase from 6 months post-event to the 3-year
follow-up.
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Note: Y = Dependent variable (Dietary behavior, Physical
activity, and Alcohol consumption behavior); All level-2 var-
iables were centered around the grand mean.

Note. Y = Dependent variable (Cigarette smoking behav-
ior, dichotomized); All level-2 variables were centered around
the grand mean.

We assessed the controlled effects of the changes in adher-
ence to pharmacological treatments from the 6-month to the 3-
year follow-up using an HLM model with a single “time” pa-
rameter at level 1 (0 = 6-months; 1 = 1 year follow-up; 2 = 2-
years follow-up; 3 = 3-years follow-up), controlling for adher-
ence at the first time-point (i.e., baseline).

Y = Dependent variable (Adherence, dichotomized); All
level-2 variables were centered around the grand mean.
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