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Aims Lipid-lowering therapy (LLT) after acute coronary syndrome (ACS) typically follows stepwise intensification, delaying use of
combination therapies and low-density lipoprotein cholesterol (LDL-C) goal attainment. We assessed whether access to a
decision support system (DSS) altered the intensity of LLT prescribing vs. standard-of-care (SoC).

Methods Pragmatic, multinational, parallel 1:1 cluster-randomized controlled trial of ACS patients comparing mandatory access to a

and results DSS (providing estimates of cardiovascular events and benefits from different LLT scenarios) to SoC. The primary endpoint
was the proportion receiving intensified monotherapy or initiated/escalated combination LLT by Week 16 compared to
pre-admission LLT; secondary endpoints included individual components of the primary endpoint, proportions at goal
(LDL-C < 1.4 mmol/L), and timing of LLT escalations. 42 sites from UK, Italy, and Spain were randomized, enrolling 1139
participants, 79% male, median age 62 years (IQR: 55, 69), 84% without prior CVD, 69% LLT-naive at admission, and median
admission LDL-C 3.0 mmol/L (IQR: 2.46, 3.75). The primary endpoint was met in 71.7% (DSS) vs. 65.7% (SoC) and risk ratio
(RR) 1.11 (95%Cl:0.92-1.33, P = 0.29). Intensification of monotherapy occurred in 9.0% vs. 13.1% (RR: 0.68, 95%Cl: 0.46—
1.00), combination LLT in 61.6% vs. 50.6% (RR: 1.35, 95%Cl: 0.93—1.98). LDL-C goal achievement was 54.8% vs. 50.3% (RR
1.06, 95%Cl: 0.88—1.28), with LLT escalation before discharge in 64.8% vs. 60.7%.

Conclusion Access to a DSS, in hospitals managing ACS, did not improve LLT intensification within 16 weeks or LDL-C goal attainment
but revealed a favourable trend towards earlier combination LLT use, which merits larger, longer studies in other settings.

Lay Summary The ZODIAC trial investigated whether a computer-based decision support system (DSS) could assist doctors over 16
weeks in selecting treatments more effective at lowering cholesterol for patients who suffered a heart attack within the
last 72 h, across 42 hospitals in the UK, Italy, and Spain.
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The ZODIAC trial evaluated whether a decision support system improves lipid-lowering therapy after acute coronary syndrome. While not significantly
improving overall therapy intensification or low-density lipoprotein cholesterol goal attainment, trends toward earlier combination therapy use were ob-
served, suggesting potential value in settings with suboptimal guideline implementation.

Lipid-lowering therapies ® Acute coronary syndrome (ACS) e Implementation ® Digitaltools ® Randomized controlled

trial ® Precision medicine

Key Findings

e Patients whose doctors had access to the decision support sys-
tem were no more likely to receive intensified cholesterol-
lowering therapy (71.7% vs. 65.7%) or achieve cholesterol levels
below 1.4 mmol/L (54.8% vs. 50.3%) within 16 weeks compared
to standard care.

e The DSS showed promise in encouraging doctors to use more
potent combination cholesterol-lowering therapy earlier (61.6%
vs. 50.6%), suggesting potential benefits that warrant investigation
in larger, longer studies to determine whether the DSS improves
prescribing and cholesterol lowering beyond 16 weeks.

Introduction

Patients with a recent acute coronary syndrome (ACS) are at high risk
of recurrent atherosclerotic cardiovascular disease (ASCVD) events.'
Despite robust evidence supporting intensive low-density lipoprotein

cholesterol (LDL-C) lowering after ACS, with each 1.0 mmol/L reduc-
tion associated with ~22% reduction in major vascular events,™ imple-
mentation gaps persist, with most patients failing to achieve
recommended LDL-C goals.® Current guidelines advocate stringent
LDL-C control to lower LDL-C by at least 50% and below 1.4 mmol/L,
achieved through a series of iterative steps, starting with statins and
then adding additional therapies if LDL-C goals are not attained.”
However, this stepwise recommendation fails to recognize that 75% of
patients are lipid-lowering therapy (LLT)-naive when presenting with
ACS® and the current LDL-C goals of <1.4 mmol/L are frequently beyond
the reach of statin mono‘cherapy,g‘10 meaning combination therapies will
inevitably be needed for ~80% of patients with ACS.”

However, as recent evidence from registries has shown, delaying the
timing of achievement of optimal cholesterol control results in avoid-
able adverse cardiovascular outcomes."’ The current stepwise ap-
proach requires sequential LDL-C measurements to guide treatment
escalation. Therefore, we sought to assess whether physicians’ behav-
jour could be modified using quantifiable measures of risk and potential
benefit from different LLT regimens available to practising clinicians.
Combining aspects of a baseline risk calculator using the SMART risk
equation,'” and a lifetime benefit calculator that quantifies relative
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risk reduction from absolute changes in LDL-C,"® Imperial College
London developed a decision support system (DSS). The DSS offers
clinicians the opportunity for early individualized, LLT optimization by
visualizing a risk and benefit quantifiable approach. Whether this ap-
proach might result in earlier escalation of LLT (increasing intensity
of monotherapy or use of combination LLT) regimens and thus achieve
the guideline-recommended LDL-C goals earlier was evaluated in the
OptimiZation Of lipid lowering therapies using a DSS. In patients
with Acute Coronary syndrome (ZODIAC) cluster-randomized con-
trolled trial conducted across three European countries, which also as-
sessed usability of the DSS.

Methods

Trial design

ZODIAC was a pragmatic, multinational, parallel cluster-randomized con-
trolled trial conducted across 42 secondary, tertiary, and mixed-care sites in
the UK, Spain, and ltaly that enrolled participants between April 2023 and
July 2024. The protocol available in Supplementary Document S was designed
in adherence to the CONSORT statement for cluster-randomized clinical trials
(see Supplementary Method S1). This effectiveness trial evaluated the impact of
access to the DSS on LLT escalation compared to the standard of care (SoC).
As the DSS only provided visualization of risk and benefit from existing, licensed
LLT options, with clinicians responsible for therapeutic decisions, safety out-
comes were not required. However, device deficiencies were monitored as re-
quired for investigational software medical devices. The trial was registered on
ClinicalTrials.gov (NCT05844566).

Sites and participants

Sites were required to have the capability to use the DSS with willingness to
undertake training in its use. LLT prescribing was unrestricted, provided it
adhered to national guidelines and reimbursement policies.

Adults aged 18-79 years admitted with ACS were eligible. Key exclusion
criteria included inability to provide written informed consent or baseline
LDL-C < 1.8 mmol/L, as levels below this may have biased the patient
against treatment intensification.'* Complete eligibility criteria are provided
in Supplementary Method S2.

Randomization

Sites were randomized to either DSS availability or SoC, stratified by coun-
try and site type. Randomization lists were secured in a restricted system to
maintain allocation concealment. Due to the intervention’s nature, site and
clinician blinding were not possible. Patient participants were blinded to
their site’s group assignments.

Ethics and regulatory approvals

ZODIAC was conducted according to the Declaration of Helsinki and
Good Clinical Practice guidelines, with ethical approvals and informed con-
sents obtained from all participants. The DSS was approved as an investiga-
tional medical device in the UK, Italy, and Spain.

Intervention and standard of care

The DSS was a web application available (in English) online at https:/zodiac.
study. It provided clinicians with personalized, quantifiable visualization of
ASCVD risk and the potential benefit of LLT optimization in terms of
30-year risk reduction (Figure 1, Supplementary Method $3). The DSS com-
bined the 10-year risk of recurrence of ASCVD using the SMART risk
score'? and the projected benefits of various LLT regimens selected by
the clinician (user) based on patient-specific profiles using a time-dependent
benefit calculator'? (see Supplementary material online, Figures ST and S2).
Prescribing clinicians in the DSS group received standardized training
through two components: first, training conducted at the end of the site ini-
tiation visit video call, where the software engineer presented a recorded
demonstration and answered questions from site staff; second, individual
site users were required to watch an e-learning video and pass an online
quiz to obtain certification required for DSS access. Clinicians were

required to access the DSS prior to discharge following index ACS (access
was optional during follow-up), while the control group followed standard
care without DSS access (see Supplementary material online, Figure S3).
Follow-up visits were conducted as per usual clinical care and were not
mandated at specific intervals. Only data collected up to Week 16
post-ACS were included in the primary outcome analysis, as most patients
were expected to have at least one visit in that period.

Data collection

Data were collected using electronic case report forms and managed in the
OpenClinica secure database, with regular monitoring to ensure quality.

Endpoints

The primary endpoint was the composite proportion of patients who received
intensified monotherapy, or initiated combination LLT, or escalated combin-
ation LLT within 16 weeks post-ACS. The expected percentage reduction
in LDL-C for monotherapies is provided in Supplementary Method S4.

Secondary endpoints included the individual components of the primary
endpoint, the proportion of participants reaching LDL-C levels
<1.4 mmol/L (<55 mg/dL) by Week 16, and the timing of LLT intensification
(at discharge or during follow-up). Exploratory outcomes included the pro-
portion of patients stratified by LLT potency (categories in Supplementary
Method S5) at discharge and the proportion achieving LDL-C goals at
Week 16 based on the LLT regimen at discharge. The usability was evaluated
using System Usability Scale questionnaires distributed after trial completion.

Follow-up LDL-C measurements beyond Week 16 were not mandatory
and only used if performed and thus available. A sensitivity analysis of LDL-C
goal attainment included lipid measurements available from 16 to 37 weeks
post-ACS to assess consistency of findings beyond the primary 16-week
timeframe.

Sample size calculation

The original sample size was calculated assuming a 7% use of combination
therapy or escalated monotherapy in the SoC group, with a 10% absolute
increase in the DSS sites at the end of a 24-week follow-up (7% vs.
17%).">"¢ Due to time constraints, the follow-up period was shortened
to 16 weeks on 17 January 2024. The proportions were updated to 5%
and 15%, respectively, based on prior studies,'* and accounting for a short-
er follow-up.

To detect this, 10% difference with 90% power at the 5% significance level
with a two-sided statistical test, assuming an intraclass correlation coefficient
of 0.1"7 and similar cluster sizes, the trial required 744 participants across 24
clusters per arm. Accounting for a 5% loss to follow-up, the target sample size
was 1584 patients. Calculations were made using the ‘Tests for Two
Proportions in a Cluster-Randomised Design’'® and PASS 2022 software.

Statistical analysis

The primary endpoint was derived programmatically from LLT prescribed
prior to admission, upon discharge, and during follow-up. A blinded clinician
independently reviewed the primary endpoint for 10% randomly selected
participants. This primary estimand used a ‘modified intention-to-treat’ ba-
sis in all eligible participants alive at Week 16, regardless of DSS use.

A generalized linear mixed model with a log link function and Poisson dis-
tribution was used to estimate the intervention effect on the primary end-
point, adjusting for country and site type while accounting for the clustering
effect by site. Multilevel multiple imputation was performed for missing pri-
mary outcome data using the JOMO package in R statistical software ver-
sion 4.4.2. Two sensitivity analyses were conducted: one using the full
ITT population, including patients who died by Week 16 with missing
data imputation and another using participants with complete outcome
data only. Subgroup analyses used the primary analysis model with
treatment-by-subgroup interaction terms. Binary secondary outcomes
were analysed using the same approach as the primary outcome. All ana-
lyses used Stata/IC version 17 (StataCorp, College Station, TX, USA).
The statistical analysis plan is provided in Supplementary Document S2.
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Figure 1 Decision support system screenshots showing (left) SMART risk calculator for 10-year ASCVD risk estimation and (right) visualization of

risk trajectories under different lipid-lowering treatment regimens.

Results

Participating sites and study population

The trial enrolled 1139 participants across 42 sites in the UK Italy, and
Spain, with 616 participants from 23 sites in the SoC group and 523
from 19 sites in the DSS group (Figure 2). During the 16-week follow-
up, 81.3% of participants had a single visit, with a median of 82 days after
baseline (see Supplementary material online, Table S1), and 96.5% of
participants (1099/1139) completed follow-up. The DSS was used
per protocol before index ACS discharge for 86% (450/523) of partici-
pants in the DSS arm.

Baseline characteristics

Participant baseline characteristics were similar between randomized
groups (Table 1). Participants had a mean age of 62 years (IQR 55,
69), were predominantly male (78.9%), with prior coronary artery dis-
ease in 12.5% and prior ASCVD in 15.8%, 34.5% were current smokers,
and 19.4% had diabetes. The median baseline LDL-C was 3.0 mmol/L
(IQR 2.5, 3.8), with 68.8% of participants being LLT-naive before the in-
dex ACS event.

Primary endpoint

Of the 1139 participants enrolled, 12 were excluded due to death be-
fore 16 weeks, leaving 1127 for the primary endpoint analysis (with data

imputed for 11 participants). Intensification of monotherapy or initi-
ation/escalation of combination therapy during the 16 weeks
post-ACS event occurred in 71.7% of participants with complete out-
come data (368/513) in the DSS arm and 65.7% (396/603) in SoC. After
missing data imputation, the adjusted risk ratio (adjusted-RR) was 1.11
(95%Cl10.92,1.33), accounting for country, site, and site type (Figure 3A).
In the UK, ltaly, and Spain, the primary endpoint occurred in 56.1%
(138/246), 97.4% (149/153), and 71.1% (81/114) in the DSS arm vs.
44.6% (124/278), 93.5% (144/154), and 74.9% (128/171) in SoC, re-
spectively. Adjusted-RRs were 1.28 (95%Cl 0.89,1.84), 1.05 (95%Cl
0.97,1.14), and 0.93 (95%Cl 0.68,1.26), respectively. Sensitivity analyses
(see Supplementary material online, Tables S2 and S3) and subgroup
analyses by sex, age, history of diabetes and ASCVD, and LLT before
ACS showed no significant effect of DSS access on LLT intensification
(see Supplementary material online, Figure $4).

Secondary endpoints

Type and timing of LLT escalation

Analysis of the individual components of the primary endpoint showed
that initiation of combination therapy during the 16 weeks post-ACS
event occurred in 61.6% participants (316/513) in the DSS arm and
50.6% (305/603) in SoC, with adjusted-RR 1.35 (95%Cl 0.93,1.98).
Intensification of monotherapy occurred in 9% of participants (46/
513) in the DSS arm and 13.1% (79/603) in SoC, with adjusted-RR
0.68 (95%Cl 0.46,1.0). Escalation of combination therapy occurred in
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Figure 2 CONSORT diagram. DSS, decision support system; SoC, standard of care.
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Table 1 Patient baseline characteristics and medication before index ACS event

Trial arms

Overall (n=1139)

62 (55,69) 62 (55,69)
397 (75.9) 899 (78.9)
104 (19.9) 221 (19.4)
172 (32. 9) 393 (34.5)
9(17 25 (22)
159 (30. 4) 342 (30.0)
183 (35.0) 377 (33.1)
126 (19) 127 (21)
86 (16.4) 180 (15.8)
75 (14.3) 142 (12.5)
144 (10922.8) —
0 (4.14) 10 (4,14)
0(4258) 49 (4257)
0(2438) 30 (2538)
2(1.014) 11 (10,1.3)
4(1.1,20) 14 (1.0,20)
368 (70.4) 784 (68.8)
8 (15) 23 (20)
105 (20.1) 238 (20.9)
23 (4.4) 47 (4.1)
8 (15) 14 (12)
0 (0.0) 1(0.1)
0 (0.0) 0(0.0)
1(02) 5 (0.4)
7(13) 16 (1.4)
1(02) 6 (0.5)
2 (04) 5 (0.4)

Age (years)” 61 (55,69)
Male sex® 502 (81.5)
Diabetes® 117 (19.0)
Smoking history®
Current regular smoker (everyday) 221 (35.9)
Current occasional smoker 16 (2.6)
Former smoker 183 (29.7)
Never smoked 194 (31.5)
Systolic blood pressure (mmHg)* 128 (23)
Prior cardiovascular disease® 94 (15.3)
Prior coronary artery disease® 67 (10.9)
10-Year risk of CVD using SMART*¢ —
Years since first ASCVD diagnosis in CVD patients® 10 (3,14)
Total cholesterol (mmol/L)? 4.8 (4.2,5.7)
LDL-cholesterol (mmol/L)? 3.0(2537)
HDL-cholesterol (mmol/L)* 1.1 (09,1.3)
Triglycerides (mmol/L)? 14 (1.0,1.9)
LLT prior to admission®
LLT-naive 416 (67.5)
Statin monotherapy: low intensity 15 (2.4)
Statin monotherapy: medium intensity 133 (21.6)
Statin monotherapy: high intensity 24 (3.9)
Ezetimibe monotherapy 6 (1.0)
PCSK9-siRNA monotherapy 1(0.2)
PCSK9 monoclonal antibodies 0 (0.0)
Combination: moderate intensity 4 (0.6)
Combination: high intensity 9 (1.5)
Combination: very high intensity 5(0.8)
LLT not classified 3 (0.5)
CVD, cardiovascular disease; LLT, lipid-lowering treatment; PCSK9, proprotein convertase subtilisin/kexin type 9; siRNA, silencer RNA.
*Median IQR.
bn, %.
“Mean (SD).

“The 10-year risk of ASCVD was calculated by the DSS, but only in the DSS arm where the system was implemented.

1.2% (6/513) in the DSS arm and 2% (12/603) in SoC, with adjusted-RR
0.63 (95%Cl 0.22,1.79) (see Supplementary material online, Figure S5).

The primary endpoint occurred prior to discharge in 64.8% (367/
605) of participants in the DSS arm and 60.7% (333/514) in SoC
(Figure 3C). At discharge, 55.5% (290/523) in the DSS arm and 48.5%
(299/616) in SoC received combination therapy.

LDL-C goal attainment

By Week 16, the LDL-C < 1.4 mmol/L goal was achieved in 54.8% (201/
367) of participants in the DSS arm and 50.3% (184/366) in SoC
(adjusted-RR 1.06, 95%Cl: 0.88,1.28; Figure 3B). In an exploratory ana-
lysis including 213 LDL-C results obtained beyond 16 weeks, these fig-
ures were 51.8% (234/452) and 46.6% (230/494), respectively
(adjusted-RR 1.10, 95%Cl: 0.92,1.31). Lipid levels at 16 weeks are avail-
able in Supplementary material online, Table $4.

Exploratory analyses

Potency of LLT and LDL-C goal attainment

Among participants receiving combination therapy at discharge, 71%
(206/290) in the DSS arm and 48.5% (145/299) in SoC received
very-high-intensity combination therapy (>65% LDL-C reduction)—
Figure 4. Across both groups, among participants receiving
very-high-intensity combination therapy at discharge, 85% (297/351)
received dual therapy, and 15% (54/351) received triple therapy. An in-
jectable LLT was included for 1% (3/297) and 81% (44/54) of the parti-
cipants receiving dual and triple therapy, respectively. Overall, among
patients prescribed a high-intensity combination therapy regimen
(50% to <65% LDL-C reduction) at discharge or follow-up, most re-
ceived ezetimibe in addition to either atorvastatin 40 mg (198/289;
69%) or rosuvastatin 20 mg (60/289; 21%). Among those prescribed
very-high-intensity therapy (>65% LDL-C reduction), most (323/443,
73%) received atorvastatin 80 mg with ezetimibe. While patients
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Group N Standard of Care Decision Support System Adjusted Risk Ratio (RR)
n/N (%) n/N (%) RR (95% Cl)
Overall 1116 396/603 (65.7) 368/513 (71.7) 1.11(0.92 - 1.33) -
UK 524 124/278 (44.6) 138/246 (56.1) 1.28 (0.89 - 1.84) —a—
Italy 307 144/154 (93.5) 149/153 (97.4) 1.05 (0.97 - 1.14) =
Spain 285 128/171 (74.9) 81/114 (71.1) 0.92 (0.68 - 1.26) ——
) T 1
0.50 1.0 2.0
Adjusted Risk Ratio
Favours SoC Favours DSS
B
Group N Standard of Care Decision Support System Adjusted Risk Ratio (RR)
n/N (%) n/N (%) RR (95% Cl)
Before Week 16 733 184/366 (50.3) 201/367 (54.8) 1.06 (0.88 - 1.28) ——
At latest LDL-C test 946 230/494 (46.6) 234/452 (51.8) 1.10 (0.92 - 1.31) ——
T T 1
075 1.0 15
C Adjusted Risk Ratio

Standard of Care

39.3%

'O,
60.7% 64.8%

Favours SoC Favours DSS

Decision Support System

35.2%

Before discharge
After discharge or no escalation

Figure 3 Risk ratios adjusted by country and site for: (A) intensification of monotherapy or initiation/escalation of combination lipid-lowering treat-
ment by Week 16. (B) Low-density lipoprotein-cholesterol goal attainment (<1.4 mmol/L, <55 mg/dL) by Week 16. (C) Timing of lipid-lowering ther-

apy escalations. Abbreviations: LDL-C, low-density lipoprotein cholesterol.

were frequently prescribed high or very-high intensity combination
therapies, these were less commonly prescribed than atorvastatin
80 mg monotherapy (465/1139; 40.82%).

Of participants receiving monotherapy post-ACS discharge with
available LDL-C by Week 16, 37.4% (55/147) in the DSS arm and
41.4% (72/174) in SoC achieved LDL-C goal. For combination therapy,
67% (146/218) in the DSS arm and 58.4% (111/190) in SoC achieved
LDL-C goals. In participants receiving very-high-intensity combination
LLT, 71.4% (110/154) in the DSS arm and 61.9% (52/84) in SoC
achieved the LDL-C goal (Figure 5).

Usability of the DSS

The DSS Usability Evaluation Questionnaire was fully completed by at least
one user per DSS site, which represented 46.7% of all users across DSS
sites. The median overall usability score was 70 out of 100 (IQR 65-75;
Supplementary material online, Table S5), with 90.5% feeling confident
using the tool. No device deficiencies were identified during the trial.

Discussion

In this cluster-randomised clinical trial, access to a DSS did not signifi-
cantly improve the intensification of lipid-lowering monotherapy or ini-
tiation/escalation of combination therapy for patients admitted to
hospital with an ACS compared with SoC. Similarly, there was no sig-
nificant difference in LDL-C goal achievement between groups, with ap-
proximately half of the patients in both arms achieving the LDL-C goal
of <1.4 mmol/L (55 mg/dL) by Week 16. However, a favourable trend
toward greater use of combination therapy and in particular very high-
intensity regimens was observed in the DSS arm, potentially indicating
an impact on prescribing patterns despite the neutral outcome.
Beyond these clinical results, this trial provided important insights
into the feasibility, usability, and contextual efficacy of this digital inter-
vention."® Early-phase evaluations typically focus on establishing
whether a digital system works as intended in a given context, whether
it can be used effectively by the target users, and whether it shows
promise of efficacy in controlled settings. While measures of efficacy
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Figure 4 Distribution of lipid-lowering therapy at discharge. Abbreviations: PCSK9, proprotein convertase subtilisin/kexin type 9; MAb, monoclonal

antibodies; siRNA, silencing RNA.

were neutral, we successfully demonstrated stable functionality of the
digital tool (no device deficiencies or prolonged ‘downtime’), and when
user acceptability was assessed using a qualitative survey, all DSS sites
responded with the DSS being well-received, high usability ratings, no
safety concerns, and reports of easy integration into practice. The
high usability scores suggest that technical barriers were minimal and
unlikely to impair clinical decision-making.

The neutral primary outcome should be considered in the context of
unexpected practice patterns observed in our study. Previous studies
indicate that LLT initiation post-ACS typically begins with high-intensity
statins before hospital discharge, with stepwise escalation typically with
the addition of ezetimibe and injectable PCSK9-directed therapies.
Given the iterative nature of this process, this results in delays in treat-
ment escalation and poor attainment of lipid goals."" Reports suggest
that use of combination therapy is low post-ACS, ranging between
17 and 22% in routine clinical practice at 24 weeks post-ACS."® In
the present study, a high proportion of patients in the SoC group re-
ceived combination LLT at discharge, contrasting with real-world
data. The higher-than-expected use of combination therapy may reflect
the Hawthorne effect or possibly an evolving shift in clinical practice,
where LLT intensification occurs earlier in response to accumulating
evidence about failures to implement guidelines.®*° It is also likely influ-
enced by the inclusion of centres with a specific interest in LLT re-
search, which may be inherently more proactive in applying intensive
lipid-lowering strategies. The awareness of being observed in a clinical
trial leads to changes in prescribing behaviour.”" Increased attention

to and close monitoring of guideline-based therapy during the trial
may have prompted more intensive LLT across both arms.

This high use of combination therapy as part of the routine care path-
way in both arms may have limited our ability to detect a significant dif-
ference with the DSS based on the initial sample size, as most patients
were already discharged on combination therapy, inherently restricting
room for further intensification. Importantly, this limitation highlights
the context-dependent nature of the DSS’s efficacy. The DSS is likely
to have greater utility in contexts where treatment intensification fol-
lows a stepwise approach, such as when patients start with monother-
apy and require up-titration, as evidenced by regional differences
observed in our trial and other European studies. In the SANTORINI
study, which assessed LLT in ASCVD patients across Europe, combin-
ation therapy rates were significantly higher in Spain and Italy (33—40%)
compared to the UK, where only 4% of patients received combination
therapy.'® Our study showed a trend towards more potent LLT pre-
scribing with the DSS in the UK compared to Spain and ltaly, though
statistically insignificant. This geographical differences in the impact of
the DSS underscore the critical role of context in digital health inter-
vention efficacy and effectiveness and suggest that tools like the one
we assessed may be particularly valuable in settings where guideline im-
plementation lags behind, such as primary care, rather than in second-
ary care settings who already appear to be moving away from the
stepwise LLT approach outlined in the 2019 ESC guidelines.

This unanticipated evolution in standard care practices highlights a
critical consideration for digital health intervention evaluations: the
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Figure 5 Low-density lipoprotein-cholesterol goal attainment (<1.4 mmol/L, <55 mg/dL) stratified by lipid-lowering therapy at discharge.
Abbreviations: PCSK9, proprotein convertase subtilisin/kexin type 9; MAb, monoclonal antibodies; siRNA, silencing RNA; LDL-C, low-density lipopro-

tein cholesterol.

context in which a system is deployed may change during the evaluation
period, potentially diminishing the measurable impact of the interven-
tion. The WHO framework for evaluating digital health interventions
recognizes this challenge, emphasizing that early phase studies must
be followed by adaptive evaluations that account for evolving practice
patterns. Future evaluation of this DSS should consider targeting set-
tings where the combination of LLT use remains suboptimal and in-
corporate adaptive trial designs that can account for rapidly evolving
standards of care, thereby maximizing the potential to demonstrate
the DSS efficacy in improving lipid management after ACS.

The trial’s neutral outcome might also be attributed to the fact that,
while the mandatory use of the DSS provided estimations of the ben-
efits of user-selected treatment regimen, the implementation of the
output was discretionary. Even when the DSS provided evidence-based
suggestions for treatment up-titration, clinicians were not obligated to
act on them. This may have introduced variability in clinical decision-
making, where some clinicians may have opted not to intensify therapy
despite graphical demonstration of the benefits. Such decisions could
stem from a combination of competing clinical priorities, or scepticism
about the incremental benefits of further treatment adjustments. This
highlights a critical challenge: addressing deeper behavioural barriers
among clinicians.” These barriers include misperceptions of cardiovascu-
lar risk, the efficacy of treatment intensification, and a tendency for clin-
icians to rely on perceived improvements in LDL-C reduction rather than

on achievement of guideline-based thresholds. Addressing these factors
may require more structured pathways in which the DSS is used, for ex-
ample, in primary care settings, along with tailored education to reinforce
the importance of achieving very low LDL-C levels and improving clinician
confidence in prescribing combination therapies.

Lastly, a trend was observed in our study towards greater use of
very-high-intensity LLT in the DSS group, both early in the treatment
course and overall. This included regimens capable of achieving >65%
LDL-C reduction, such as high-intensity statins combined with ezeti-
mibe and bempedoic acid (triple combination) or the addition of
PCSK9 inhibitors, which are the most potent class apart from statins.
As prescribing patterns favoured more potent LLT strategies, there
was a corresponding decline in the use of lower-intensity therapies,
which may still achieve LDL-C reductions of >50%, often through
moderate- or high-intensity statins combined with ezetimibe or high-
intensity statins alone. Given the mutually exclusive nature of these re-
gimens, this redistribution suggests a more proactive approach to lipid
management in the DSS arm. Since the primary endpoint encompassed
both high- and very-high-intensity regimens, this redistribution may
have attenuated the estimates of overall efficacy of the DSS. From a
clinical perspective, the increased use of very-high-intensity regimens
in the DSS arm aligns with evidence suggesting that these strategies
are more effective in achieving LDL-C targets.” Moreover, we only as-
sessed 16 weeks post-ACS, and continued therapy escalation beyond
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discharge would have been required to fully assess the potential clinical
utility of the DSS in care pathways. Future research should explore
whether structured DSS integration into clinical workflows can further
facilitate timely and appropriate intensification of therapy, particularly in
settings where combination treatment remains underutilized, with fu-
ture implementations prioritising electronic medical record integration,
automated data population, and embedded clinical decision support—
potentially incorporating Al-driven treatment suggestions that clinicians
can approve or adapt to individual patient circumstances.

Even with the observed trend toward more combination therapy
use in the SoC group, additional treatment measures would still be
necessary to bring all patients to their LDL-C goals. Simulation studies
based on DA VINCI data suggest that in patients with ASCVD, ~90%
LDL-C goal attainment (<1.4 mmol/L) would require a combination
of statins and ezetimibe in about one-third of patients, while the re-
maining two-thirds would need a PCSK9 inhibitor,9 or another oral
agent.”® This highlights the need for continued therapy escalation be-
yond discharge, even among patients already on combination therapy.
In this context, decision-support tools like the DSS may be useful in
facilitating evidence-based treatment intensification, particularly as
many clinicians are unaware of the benefits of early intensification
of LLTzfnd its potential legacy benefits for future cardiovascular
events.

Strengths and limitations of the trial

The ZODIAC trial has several notable strengths. It was pragmatic, en-
suring practical applicability, allowing decisions on treatment intensifica-
tion to be made flexibly and in alignment with real-world practices. It
tested a personalized approach to LLT optimization, providing
risk-informed treatment selection based on individual patient profiles.
The trial implementation strategy focused on the critical window be-
fore hospital discharge, when patient motivation for secondary preven-
tion is high. Early escalation of LLT during this period is particularly
impactful, as delays in treatment optimization often result in prolonged
periods of suboptimal LDL-C control and increased cardiovascular
risk."" The multinational design across diverse healthcare systems
across the UK, ltaly, and Spain captured variations in clinical practice
and LLT accessibility. The availability of intensive LLT options across
participating countries ensured that the potential of the DSS could
be assessed vs. SoC in a setting where all guideline-recommended treat-
ments were accessible. The DSS incorporated several key components
from established frameworks,* including individualized risk-benefit es-
timation, educational outreach features, and audit-and-feedback me-
chanisms—approaches consistently shown to enhance prescribing
behaviours—all integrated into a user-friendly interface that generated
actionable treatment recommendations.

Despite its strengths, the ZODIAC trial also had several limitations.
A notable limitation was the failure to achieve the planned sample size,
with 1139 of the intended 1584 cases (~70%) included in the final ana-
lysis. In addition, the initial event rate assumptions—occurrence of LLT
intensification in the SoC arm—were significantly underestimated, re-
sulting in a smaller-than-expected effect size. A larger trial with more
sites and revised assumptions about event rates may have been better
positioned to reveal statistically significant differences. The lack of a pi-
lot study limited the ability to pre-emptively adjust for changes in care
pathways or clinician behaviour, which may have influenced the ob-
served outcomes. Furthermore, differences in healthcare systems
across the UK, Italy, and Spain, and the exclusive focus on Western
European countries, may limit the generalizability of the findings to
other global regions, especially given the predominance of UK sites.
The trial’s short follow-up period of 16 weeks may not have been suf-
ficient to observe long-term trends in LDL-C. Longer follow-up dura-
tions would provide greater clarity on the sustained impact of
DSS-guided treatment intensification at multiple visits, each offering

an opportunity for intensification based on residual risk (DSS) vs. an
LDL-C (at goal/not at goal) approach. Another key limitation was the
voluntary use of the DSS during follow-up visits; while use at baseline
was mandatory, there was no requirement for clinicians to act on the
DSS outputs. This highlights a critical challenge—the presence of a
DSS does not guarantee changes in prescribing behaviour until barriers,
such as risk misperception, are addressed. Additionally, we did not sys-
tematically assess inter-clinician variability in interpreting DSS outputs
and subsequent treatment decisions. However, evaluation of users
via the System Usability Scale showed that 90.5% of users felt confident
using the tool, suggesting that interpretation of the DSS was generally
not problematic for most clinicians. While our DSS was intentionally
designed to preserve clinical autonomy and some variability in decision-
making is expected and appropriate, future studies could evaluate
whether standardized case scenarios yield consistent clinical responses
across different users. Availability and timing of lipid measurements dur-
ing follow-up were variable, which may have influenced the assessment
of goal attainment. Lastly, we did not systematically capture adverse
events, statin intolerance, or adherence to medications. The overall
number of individuals not on any statin was 1.67% at discharge and
2.63% at 16 weeks. Moreover, statin intolerance is only likely to be rele-
vant for the one-third of patients admitted on LLT, as the majority were
LLT naive at index ACS. In the latter patients, statin intolerance is likely
to emerge during the follow-up period, which may influence subse-
quent treatment intensification decisions. Future studies of longer dur-
ation tracking adverse events and adherence could provide valuable
context for understanding the real-world impact and safety of
DSS-guided treatment intensification.

Conclusion

The ZODIAC trial provides critical insights into personalized risk and
benefit-based DSS tools for optimizing LLT in ACS patients. While
the primary outcome was neutral, the findings might suggest that
DSS tools may support clinicians in prescribing more potent combin-
ation therapies and reveal important contextual factors that influence
digital intervention efficacy, such as variability in guideline implemen-
tation at the country level. Furthermore, DSS tools may offer informa-
tion but may not mandate behaviour change; hence, understanding
how to address clinician behavioural barriers should be part of digital
intervention development. Finally, insights from ZODIAC provide a
foundation for future research that should aim to evaluate the DSS
in primary care settings, where most patients are treated, guideline
implementation lags behind most, and the Electronic Health Record
systems often at regional/national level, may lend themselves to
scalability.

Supplementary material

Supplementary material is available at European Heart Journal — Digital
Health.
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