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Background. Cardiovascular risk factor control
reduces the risk of recurrent events after acute
coronary syndrome (ACS). Long-term post-ACS
management is poorly studied.

Objectives. To assess frequency of low-density
lipoprotein cholesterol (LDL-C) and systolic blood
pressure (SBP) monitoring and target achievement
during 3 years post-ACS.

Methods. Data from all patients hospitalized for ACS
in Uppsala between 2012 and 2020 were obtained
from electronic health records (EHRs). The proba-
bility of measurement and target achievement was
estimated with adjusted regression models. Asso-
ciations were assessed for sex, participation in car-
diac rehabilitation (CR), presence of diabetes with
nurse-led follow-up and documentation of an ICD-
10 code for chronic ischaemic heart disease in the
EHR.

Results. Among 6083 patients (median age 73 years,
34% female), follow-up data were available for
72% in year 1, 56% in year 2 and 44% in year
3. Year 3 LDL-C was not measured in 48% of
patients, and 19% were at target (<1.8 mmol/L).
For SBP, 16% lacked a measurement, and 50%
were at target (<140 mmHg). Female sex was asso-
ciated with lower probability of having LDL-C mea-
sured or having LDL-C or SBP at target. CR par-
ticipation, structured diabetes follow-up or hav-
ing a chronic ischaemic heart disease code in
the EHR was associated with a higher probabil-
ity of LDL-C and SBP measurements at 2 and
3 years.

Conclusions. Lack of measurement and low risk
factor achievement highlight missed opportu-
nities in secondary prevention. Female sex,
lack of structured follow-up and the absence
of diagnostic labelling were associated with
less frequent monitoring and poorer risk factor
control.

Keywords: acute coronary syndrome, secondary pre-
vention, target assessment

Introduction

Optimal secondary prevention, including lifestyle
and pharmacological interventions, reduces the
risk of future atherosclerotic cardiovascular events
and death for patients after acute coronary syn-
dromes (ACSs) [1]. Secondary prevention is most
effectively provided through comprehensive, struc-
tured cardiac rehabilitation (CR) programmes [2].

Still, many post-ACS patients remain under-
treated, leaving them at increased risk of cardio-
vascular events and death.

Despite proven benefits, most post-ACS patients do
not achieve guideline-directed standards for sec-
ondary prevention [3-5]. In Sweden, the majority of
patients with myocardial infarction (MI) are offered
participation in a structured, comprehensive and
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supervised CR programme during the first year
post-MI [6]. The programme generally consists of
several follow-up visits to a nurse, physician and
physiotherapist and offers supervised centre-based
exercise training and group-based patient educa-
tion [7]. The majority of patients attending CR in
Sweden reach cholesterol and blood pressure tar-
gets during the first year post-MI, the proportion
increasing steadily during the last two decades [8]
and comparing favourably to international results.
However, there is still room for improvement, and a
large proportion of these patients have high resid-
ual risk of recurrent atherosclerotic cardiovascular
events and death [9].

After the first year with centre-based CR, patients
are referred to primary care for continued sec-
ondary prevention. Further, due to lack of centre-
based CR resources in Sweden, many patients
above 80 years of age and those with severe comor-
bidities are referred to primary care directly after
the ACS hospitalization. Although centre-based CR
interventions and results are closely monitored
through the nationwide SWEDEHEART registry,
the same does not hold true for follow-up in pri-
mary care. Consequently, evidence on measure-
ment frequency and target achievement after the
first year post-ACS remains limited.

The aim of this study was to evaluate the monitor-
ing frequency and control of low-density lipopro-
tein cholesterol (LDL-C) and systolic blood pres-
sure during the first 3 years after an ACS, pat-
terns of lipid-lowering medication prescriptions,
and to assess whether outcomes differed according
to sex, participation in centre-based CR during the
first year post-ACS, presence of diabetes, which in
Sweden is systematically followed through struc-
tured nurse-led care [10, 11], or documentation of
chronic coronary syndrome (I25) in the electronic
health record (EHR), based on the hypothesis that
this diagnosis signals increased risk to the treating
physician.

Methods
Study design and setting

This was a retrospective observational cohort
study of all patients hospitalized for ACS in Upp-
sala County, Sweden between January 2012 and
December 2020. Patients were followed for up to
3 years or until death, recurrent ACS or loss
to follow-up. Uppsala county has approximately
350,000 inhabitants. Since 2005, a unified EHR

has been implemented across all private and public
primary care centres and hospitals, enabling com-
plete longitudinal capture of healthcare conducted
within the region.

Data sources

Longitudinal data on LDL-C and systolic blood
pressure measurements, target achievement and
lipid-lowering medication prescriptions were auto-
matically extracted from the EHR covering all
healthcare within the county. Further, diagnosis
codes (ICD-10), laboratory measurements, clinical
measurements, other relevant prescriptions and
healthcare visits were extracted (Table S1).

Tobacco use codes (Z72.0, F17.2) were available;
however, smoking status was not entered in a
structured fashion and was therefore excluded
from analyses.

Study population and follow-up

All patients >18 years of age with a primary dis-
charge diagnosis of unstable angina or MI (ICD10
codes 120.0 or 121-124) admitted at either of the
two acute cardiology care units in Uppsala County
were eligible. The index event was defined as the
first recorded ACS hospitalization during the study
period. Follow-up continued until a new ACS,
death, relocation from the county or study end (31
December 2020), at which point a new observation
period began. There were no exclusion criteria. All
patients were captured in the joint EHR system.

Cardiac rehabilitation exposure

Patients were classified as participating in centre-
based CR if they had

1. A CR centre visit to a physician 6-10 weeks
after discharge, and

2. A CR centre visit to a physician or a nurse 11—
14 months after discharge [6, 7].

Centre-based CR programmes in Sweden entail
routine LDL-C and systolic blood pressure mea-
surements at both time points. This stratum was
compared to patients with at least 14 months
available follow-up not attending centre-based CR.
Patients with only one CR visit were classified
as non-participants, as programme completion
requires both early and late follow-up.
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Clinical definitions and covariates

Comorbidities were identified using ICD-10 codes
and prior medications recorded in the EHR from
2005 and onwards. Definitions included the follow-
ing:

e Diabetes mellitus Type 1 or 2: at least one of
ICD-10 E10-E14, HbAlc >48 mmol/mol or pre-
scription of glucose-lowering therapy (ATC A10)
prior to index ACS.

e Hypertension: at least one of ICD-10110.9, sys-
tolic blood pressure >140 mmHg or diastolic
blood pressure >90 mmHg within 3 years before
index ACS.

e Congestive heart failure: ICD-10 I50.

e Chronic obstructive pulmonary disease: ICD-10
Ja4.

e Obesity: BMI >30 kg/m? or ICD-10 E66 within
3 years.

e Revascularization: procedural codes FNA-H,
FNJ-K or FNW during index hospitalization.

Estimated glomerular filtration rate was calcu-
lated using the revised Lund-Malmo6 equation from
plasma creatinine [12]. LDL-C was directly mea-
sured in accredited laboratories subject to regu-
lar external quality audits. Systolic blood pressure
was recorded in routine clinical practice, with rec-
ommendations specifying measurement in a seated
position after 5 min of rest using validated manual
devices, with repeated measurements if elevated.

During the study period, multiple European guide-
lines were used with different prevention targets for
LDL-C [13-15] and systolic blood pressure [16, 17].
For consistency, targets were defined according to
the European Society of Cardiology recommenda-
tions prevailing for most of the study period as fol-
lows:

e LDL-C <1.8 mmol/L
e Systolic blood pressure <140 mmHg

Chronic ischaemic heart disease was defined as the
presence of ICD-10 code 125 recorded during any
healthcare visit within the current follow-up year.

Prescription of lipid-lowering therapy was defined
as at least one filled prescription per calendar year

from ATC classes C10AA or C10AX09, based on the
nationwide dispensation database integrated into
the EHR. This metric reflects medication access
and continued treatment indication but not adher-
ence or treatment intensity.

Outcomes

Primary outcomes were as follows:

1. the proportions of patients with recorded
follow-up measurements of LDL-C and systolic
blood pressure, and

2. the proportions of patients achieving
guideline-recommended prevention targets
for LDL-C and systolic blood pressure.

Secondary outcomes included median achieved
LDL-C and systolic blood pressure levels.

Outcomes were assessed at three time points as
follows:

e vyear 1: <12 months post-ACS
e year 2: >12 to <24 months post-ACS
e vyear 3: >24 to <36 months post-ACS

For each year, the last available measurement was
used.

Statistical analyses

Descriptive statistics were reported as counts and
proportions for categorical variables and medians
with interquartile ranges for continuous variables.

Adjusted probabilities of risk factor measurement
and target achievement were estimated, using
average marginal effects from logistic regression
models [18, 19]. These represent the covariate-
adjusted marginal probability of each outcome,
averaged across the observed distribution of
covariates.

Adjusted mean LDL-C and systolic blood pres-
sure levels were estimated using linear regression
models, using the covariate set from the logistic
regression models. These marginal means repre-
sent expected group-level values adjusted for base-
line differences.
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The analyses were descriptive in nature and
not intended for prediction modelling or risk
stratification. Rather, the objective was to char-
acterize associations between clinical expo-
sures and risk factor management in routine
care.

Covariates were selected using directed acyclic
graphs (DAGs), with one DAG constructed per
exposure (Table S2, Fig. S1). Missing data were
handled using complete case analysis; no imputa-
tion was performed.

For binary outcomes, average marginal probabili-
ties from logistic regression are reported with 95%
confidence intervals, and the y-axis in graphical
displays represents the probability of the outcome
(e.g., measurement performed or target achieved).
For continuous outcomes, average marginal means
from linear regression are shown with corre-
sponding 95% confidence intervals, indicating the
expected average LDL-C or systolic blood pressure
level in each group after adjustment. Outcomes
were summarized by year after the index event.
Results are presented, using the marginaleffects
package in R [20].

Monitoring frequency and risk factor control were
assessed across sex, CR participation, diabetes
status and an ICD-10 code for chronic ischaemic
heart disease.

The proportion of patients with at least one filled
prescription for lipid-lowering therapy each year
was assessed. Patients were stratified by sex and
age at diagnosis: <60, 60 to <70, 70 to <80 and
>80 years.

Analyses were performed at Sence Research AB,
Uppsala, Sweden, Uppsala University, and at the
Swedish National Infrastructure for Computing at
UPPMAX, using R Core Team R Foundation for
Statistical Computing, Vienna, Austria, Version
2024.12.1.

The Regional Ethics Committee in Stockholm
approved the study in accordance with the Helsinki
Declaration (approval numbers Dnr 2019-06295
and Dnr 2020-03231).

Language editing was assisted by artificial intel-
ligence tools (Claude, Anthropic), but these were
not used for analysis or interpretation of data.
All scientific content, analyses and interpretations

were independently performed and verified by the
authors.

Results
Patient characteristics

A total of 6083 patients with ACS were included
(Table 1). Median age was 73 years (inter quar-
tile range, IQR 64-81), and 34% were female. At
the index ACS hospitalization, LDL-C was avail-
able for 3871 (64%) of the patients with a median
LDL-C of 3.0 mmol/L. When expanding the mea-
surement window to within 1 week of the index
diagnosis, 4266 (70%) patients had LDL-C mea-
surements with a median LDL-C of 2.9 mmol/L.
Systolic blood pressure was available for 6033
(99%) with a median of 140 mmHg. Of all included
patients, 31% had diabetes at the time of index
ACS, 87% had hypertension and 24% were obese
(Table 1).

The inclusion rate was balanced through the years,
around 11% each year and the median follow-up
time was 2.5 (IQR 0.8-5.1) years. Of the included
patients, 3642 (60%) were followed until end of
study, 1390 (30%) died, 933 (15%) had a new ACS
during the study period and 118 (2%) moved out of
the county (Fig. S2).

A prior ACS was recorded in the EHR for 1448
(24%) of the patients before study start in 2012
(prior ACS events occurring in other counties
would not be captured in these regional EHRs).
After the index event, follow-up data were available
for at least 1 year for 4360 (72%) of the patients,
for 2 years for 3418 (56%) and for 3 years for 2665
(44%) of the patients. These were patients who sur-
vived, remained living in the same county and did
not experience another ACS during the period.

Risk factor assessment and target achievement

During the first year after index ACS, 844 (19%)
patients did not have a measurement of LDL-C. The
corresponding numbers were 1044 (31%) and 1270
(48%) for the second and third years after index
ACS (Fig. 1a). Of the patients who had an LDL-C
measurement, 1899 (54%) patients did not achieve
LDL-C target during the first year. The correspond-
ing numbers were 1401 (59%) for the second year,
and 878 (63%) for the third year after the index
ACS (Fig. 1a). Median age and sex distribution are
shown in Table S3.
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Table 1. Baseline characteristics of included patients.

Patients Patients not
Variable All patients participating in CR participating in CR
Number of patients 6083 2214 3869
Age (years) 73 (64-81) 67 (60-73) 77 (68-84)
Female 2082 (34%) 610 (28%) 1472 (38%)
BMI (kg/m?) 26.6 (24.0-29.7) 27.5 (25.0-30.8) 26.6 (23.7-29.8)
Systolic blood pressure (mmHg) 140 (125-160) 140 (126-160) 140 (125-160)
Diastolic blood pressure (mmHg) 80 (70-90) 80 (70-90) 80 (70-90)
LDL-C (mmol/L) 3.0 (2.2-3.8) 3.1 (2.4-3.9) 2.9 (2.1-3.7)
Hypertension 4948 (81%) 1664 (75%) 3284 (85%)
Obesity 1455 (24%) 584 (26%) 871 (23%)
Diabetes 1899 (31%) 622 (28%) 1277 (33%)
Congestive heart failure 1269 (21%) 286 (13%) 983 (25%)
Estimated glomerular filtration rate 2603 (43%) 570 (26%) 2033 (53%)

<60 mL/min/1.73 m?

Chronic obstructive lung disease 506 (8%) 145 (7%) 361 (9%)
Revascularization during index ACS hospitalization 4067 (67%) 1741 (79%) 2326 (60%)

Note: Data are median (interquartile range) and number (%). CR: centre-based cardiac rehabilitation during the first year

after ACS.

Abbreviation: ACS, acute coronary syndrome; LDL-C, low-density lipoprotein cholesterol.

During the first year after the index ACS, 48 (1%)
patients did not have a registered measurement of
systolic blood pressure. The corresponding num-
bers were 234 (7%) and 427 (16%) for the second
and third years after the index ACS (Fig. 1b). Of
the patients who had a measurement, 1631 (38%)
patients were not at target systolic blood pressure.
The corresponding numbers were 1212 (38%) for
the second year, and 900 (40%) for the third year
after the index ACS (Fig. 1b).

During the first year after the index ACS, 3798
patients (87%) filled at least one statin prescrip-
tion, second year 2833 (83%) and third year 2147
(81%). Among patients with LDL-C not at target
at 1 year, and a statin intensity registered, only
a few percent received either an intensification of
statin therapy or a first-time prescription for eze-
timibe within 6 months of the LDL-C measurement
(Fig. S3). For the patients included from 2016 and
onwards, when ezetimibe became widely available
in Sweden, less than 30% filled a prescription of
ezetimibe 1 and 2 years after index ACS (Fig. S4).

Among patients without measured LDL-C levels
during the first year post-index event, 504 (60%)
filled at least one prescription for lipid-lowering
therapy (statin or ezetimibe) within the same year.
For those without measured LDL-C levels dur-

ing the second and third years post-index ACS,
the number of patients who filled a prescription
for lipid-lowering therapy within those respective
years was 685 (66%) and 923 (73%).

Differences between sexes

The probability of having a measurement of LDL-
C any year after the index ACS was significantly
lower for women, whereas for systolic blood pres-
sure there was no difference between the sexes
(Fig. 2a,b). The probability of having LDL-C or
systolic blood pressure at target was significantly
lower for women, and consequently, the estimated
mean levels of LDL-C and systolic blood pres-
sure were higher for women (Fig. 2c—f).

During the first year after ACS, the proportion of
women who filled a statin prescription was 13%
lower than that of men. In the second year, the dif-
ference was 14%, and in the third year, it was 18%.
These differences persisted across age strata (Fig.
S5) and when analysing any lipid-lowering therapy
(statin or ezetimibe, data not shown).

Centre-based cardiac rehabilitation

Following the index ACS, 2214 (51%) patients
participated in centre-based CR during the first
year. These patients were more likely to undergo
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Fig. 1 Proportion of patients who had low-density lipoprotein cholesterol (LDL-C) (a) and systolic blood pressure (b) measured
during the first 3 years after index acute coronary syndrome (ACS) event, and the proportion achieving guideline-directed

target.

LDL-C and systolic blood pressure measurement
and achieved lower estimated mean levels (Fig. 3).
Measurement rates differed significantly for LDL-C
in all 3 years and for systolic blood pressure in the
first 2 years. The association with CR participation
was strongest in the first year (during centre-based
care) and decreased thereafter. Patients who par-
ticipated in CR had a higher probability of reaching
target systolic blood pressure than those who did
not participate, whereas no difference was seen for
target LDL-C (Fig. S6a,b).

Patients with ICD-code denoting chronic ischaemic
heart disease

A diagnosis of chronic ischaemic heart disease
(ICD-10 code I125) was recorded in the EHR for 1440
(33%) patients during the first year after the index
ACS and for 988 (29%) and 765 (29%) patients
in years 2 and 3, respectively. Patients with ICD-
10 code 125 in the EHR were more likely to have

LDL-C and systolic blood pressure measured years
2 and 3 after the index event, but no differences
were seen for estimated mean levels (Fig. 4). The
association between having this diagnosis recorded
and undergoing measurement was stronger with
increasing time from the index event. However,
no differences were observed in the probability of
achieving target values (Fig. S6c,d). Any ICD-10
code within 120-I25 was present in 40%, 32% and
31% of patients at years 1, 2 and 3 after the index
event, respectively.

Patients with diabetes at the time of index event

In the whole cohort, 1899 (31%) patients had dia-
betes at the time of index event. After the index
event, follow-up data were available for at least 1
year for 1213 (64%) of the patients with diabetes,
for 2 years for 910 (48%) and for 3 years for 674
(36%). Patients with diabetes were more likely to
have LDL-C and systolic blood pressure measured
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blood pressure (d) estimated from linear regression models. BP, blood pressure.

years 2 and 3 after the index event (Fig. 5). As with
ICD-10 code 125, the association strengthened with
greater time from the index event. Patients with
diabetes had lower LDL-C values throughout the
follow-up after ACS compared to patients without
diabetes. No differences were observed for the prob-
ability of achieving LDL-C and blood pressure tar-
gets (Fig. S6e,f).

The proportion of patients who had participated in
centre-based CR and had both diabetes and ICD-
10 code 125 in the EHR was 7% for women and 8%
for men (Fig. S7).

Sensitivity analyses

The main analyses were adjusted for covariates
based on DAGs for that respective exposure and
outcome (Fig. S1), meaning not all analyses were
adjusted for all covariates. Adjustment for all
covariates yielded nearly identical results for both
probability of measurement, target achievement
and the estimated mean values (Figs. S8-S10).

Discussion

In this study, evaluating secondary prevention
practices and targets during follow-up after ACS,
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Fig. 4 Estimated marginal probabilities of measurement (top row) of low-density lipoprotein cholesterol (LDL-C) (a) and
systolic blood pressure (b) each year after index acute coronary syndrome (ACS) by presence of ICD-10 diagnose code
125, derived from logistic regression models. Estimated marginal mean levels (bottom row) of LDL-C (c) and systolic blood
pressure (d) estimated from linear regression models. BP, blood pressure.

there are four main findings: First, target attain-
ment was low, and both the proportion of patients
meeting LDL-C and systolic blood pressure tar-
gets and the frequency of risk factor monitor-
ing decreased over time. Second, women were
less likely than men to have LDL-C measured, to
achieve target levels for both LDL-C and systolic
blood pressure and to fill prescriptions of lipid-
lowering medication, irrespective of age. Third,

patients who participated in centre-based CR dur-
ing the first year post-ACS were more likely to
have LDL-C and systolic blood pressure measured
up to 3 years after the index ACS, although the
association was strongest early after the index
event. Fourth, patients with a diagnosis of chronic
ischaemic heart disease recorded in their EHR
were more likely to undergo LDL-C and systolic
blood pressure measurements than those without
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Fig. 5 Estimated marginal probabilities of measurement (top row) of low-density lipoprotein cholesterol (LDL-C) (a) and
systolic blood pressure (b) each year after index acute coronary syndrome (ACS) by diabetes at time of index event, derived
from logistic regression models. Estimated marginal mean levels (bottom row) of LDL-C (c) and systolic blood pressure (d)

estimated from linear regression models. BP, blood pressure.

such diagnosis. Similarly, patients with a dia-
betes diagnosis at the index event were more likely
to have LDL-C measured from the second year
onwards, with this difference also increasing over
time.

In this study, one fifth of patients lacked an LDL-
C measurement in the first year after index ACS,

and nearly half had none by year 3. Among those
with LDL-C measured, less than half were at tar-
get in the first year and less than 40% in the third
year. In a similar study of Swedish primary care
patients with prior ACS, fewer than one third had
annual LDL-C measurements, whereas approxi-
mately 60% had yearly systolic blood pressure
measurements [21].
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Another Swedish study of more than 35,000
patients with stable coronary heart disease in pri-
mary care showed that only 18% of the patients
reached target LDL-C and 32% were not on statin
treatment [22]. In the EUROASPIRE V survey car-
ried out in 2016-2017, less than 30% had LDL-C
at target within 1.1 years after ACS [3]. By con-
trast, in patients attending centre-based CR and
registered in the SWEDEHEART registry in 2019,
70% of patients reached target LDL-C 1 year after
the ACS event [23]. Interestingly, CR participation
was associated with better blood pressure control
but not better LDL-C target achievement. Several
factors may explain this observation. Blood pres-
sure can be modified through lifestyle interven-
tions emphasized in CR, whereas LDL-C reduc-
tion typically requires pharmacological intensifica-
tion beyond the initial statin. The stringent LDL-
C target means that CR participants often require
high-intensity statins and ezetimibe to achieve
goal, and our data suggest treatment intensifica-
tion was uncommon. Additionally, blood pressure
measurement was much more frequent than LDL-
C measurement, potentially enabling more respon-
sive management. This finding suggests that the
challenge in LDL-C management is not primarily
about initial education or motivation but rather
about systematic treatment intensification requir-
ing ongoing physician engagement beyond the CR
programme.

A larger proportion of the patients in this study had
registered measurements of systolic blood pres-
sure through all 3 years after the index ACS, but
at 3 years, half of the patients were not at tar-
get. In the EUROASPIRE survey, less than 30% of
patients were at target systolic and diastolic blood
pressure [3]. Although LDL-C and systolic blood
pressure frequently exceeded recommended pre-
vention thresholds in a substantial proportion of
the patients, treatment intensification was infre-
quent, consistent with previous reports of treat-
ment inertia [24, 25].

Patients with prevalent diabetes mellitus at the
time of ACS were more likely to have LDL-C mea-
sured and to be at target in this study. Interest-
ingly, in a nationwide study of more than 250,000
Swedish patients with Type 2 diabetes, those with
risk factors, such as blood pressure and LDL-
C within target ranges, had a 16% lower risk of
acute MI compared with matched controls [26].
This is remarkable, given that patients with dia-
betes mellitus are reported to have at least a two-

fold increased risk of cardiovascular disease com-
pared to the general population. It is tempting to
speculate whether this de facto reduced risk in
patients with diabetes could in part be attributable
to the structured standardized follow-up offered to
these patients, and whether the risk of another
chronic patient group, namely, those after ACS,
might also be substantially lowered with a struc-
tured life-long follow-up. The structured follow-up
provided to patients with diabetes in Sweden [10,
11] may explain their higher likelihood of LDL-C
measurement and the lower predicted LDL-C levels
observed in this study. Similar to participants in
centre-based CR, patients with diabetes were more
likely to undergo risk factor assessments. However,
in patients with diabetes, these differences became
more pronounced over time, suggesting that the
effect of centre-based CR diminishes with time,
whereas structured diabetes care gains increasing
importance.

In women, risk factor control and lipid-lowering
therapy prescription were lower than in men, sug-
gesting an unequal follow-up. Similar findings have
recently been published from a large primary care
cohort in the south of Sweden [27].

The very low number of missing values for systolic
blood pressure suggests that patients were regu-
larly followed after their ACS. Despite this, blood
pressure target achievement was low, and LDL-C
measurement and target achievement were even
lower. Follow-up in primary care after ACS is cur-
rently not structured, and many patients are miss-
ing the ICD-10 code diagnosis of chronic coronary
syndrome in the EHR.

This study is, to our knowledge, one of the first
to investigate how the use of ICD codes reflects
the perceived risk of future cardiovascular events.
Our findings suggest that diagnostic coding prac-
tices may hold important prognostic information,
underscoring the potential value of improving cod-
ing accuracy. These results point to the need for
further studies—both to validate these findings
and to explore whether similar patterns exist in
other diagnostic areas.

There is robust data available on target achieve-
ment and prescription of secondary prevention
drugs after ACS in Sweden from the SWEDEHEART
registry [7, 9]. This registry, however, only covers
the first year after ACS and excludes patients who
were not eligible for, or did not attend centre-based
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CR. In large studies from Swedish primary care
regarding guideline adherence, patients are often
selected based on having the ICD-10 code 120-
125 [22, 27]. In this study, however, when identi-
fying patients with a prior ACS diagnosis in ter-
tiary care, 3 years after the index event only 31%
of the patients had an ICD-10 code 120-125 regis-
tered in the current year. If patients are not receiv-
ing an ICD code for chronic coronary syndrome or
previous MI, these patients are not visible in the
system, and therefore, follow-up data cannot easily
be extracted, with a risk of misclassification when
evaluating the care given.

A large proportion of the patients did not have
LDL-C measured; still, most of these patients still
filled at least one statin prescription in the same
year. Although we do not know if the statin inten-
sity was high in all cases, this is in line with the
2013 AHA/ACC guidelines on cholesterol lowering
that recommended the ‘set and forget’ approach,
recommending high-intensity statin therapy and
no recommendations for specific LDL-C goals [28].
This has, in later European and American recom-
mendations, been replaced with a treat-to-target
approach requiring follow-up measurements [1,
29]. In a study of more than 95,000 Swedish
patients with diabetes, refill adherence to lipid-
lowering therapy was 71%, and 56% were persis-
tent to treatment at 3 years [30]. In that study,
patients with previous cardiovascular disease had
higher refill adherence and longer treatment per-
sistence compared with those without previous
cardiovascular disease.

Strengths and limitations

All patients diagnosed with ACS in the region dur-
ing the study period were included without restric-
tions. A unified EHR system across hospitals and
primary care captured all ACS admissions, centre-
based CR participation and subsequent primary
care.

The analysis of lipid-lowering prescriptions used
a simplified metric (at least one filled prescription
per year) that does not capture medication adher-
ence or treatment intensity. This metric was cho-
sen for its descriptive utility, but more sophisti-
cated adherence measures, such as proportion of
days covered, would be needed to fully evaluate
medication-taking behaviour and its relationship
to clinical outcomes. Further, only lipid-lowering
prescriptions were analysed and not antihyperten-

sive prescriptions, because multiple antihyperten-
sive drug classes are prescribed for various indi-
cations beyond hypertension, limiting attribution
to blood pressure control. In contrast, statins are
primarily prescribed for lipid management, making
prescription patterns more directly interpretable.

An important quality gap was that only 64% of
patients had LDL-C measured during their index
ACS hospitalization (70% within 1 week), far below
the near-universal blood pressure measurement
rate (>95%). This partly reflects administrative
data issues with ward transfers but more funda-
mentally reflects practice patterns during the study
period when lipid measurement was not routine in
patients above 75 years (44% of our cohort).

As an observational study, residual confounding
cannot be ruled out. By clinical routine, very few
patients above the age threshold for eligibility par-
ticipate in centre-based CR. This introduces a
selection bias into analyses assessing participation
in centre-based CR versus no centre-based CR,
and these assessments should be assessed with
caution. However, all patients should be offered
participation in CR (hospital- or primary care-
based) and should receive equal care and achieve
the same goals. Factors, such as medication adher-
ence, smoking status, socioeconomic status, geo-
graphic distance to healthcare providers and the
presence of psychiatric illness, were not accounted
for.

Conclusion

In this observational study with up to 3 years of
follow-up after ACS, patients remained engaged in
care, as reflected by regular blood pressure mea-
surements, yet LDL-C was largely undermeasured,
and targets for both LDL-C and systolic blood pres-
sure were frequently unmet. Women had substan-
tially poorer post-ACS risk factor monitoring and
control than men. Indicators of a structured follow-
up, including participation in centre-based CR and
documentation of chronic ischaemic heart disease,
were associated with better risk factor manage-
ment, suggesting that structured follow-up pro-
grammes similar to those for diabetes may improve
secondary prevention after ACS.
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and sex (D) and the outcome measurement of
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target, some of the individual arrows differ, but
the measured confounding factors were the same
and therefore the same adjustment models were
used.

Figure S2. Proportion of patients with a prior ACS
event that can be followed after the event date for a
minimum number of years (dark blue). The propor-
tion of all reasons for end of follow-up are presented
with different colours.

Figure S3. Proportions of increase in statin inten-
sity and initiation of ezetimibe within 6 months of
an LDL-C value not at target.

Figure S4. Proportions of and changes in lipid-
lowering therapy for patients from 2016 when eze-
timibe became widely available. All patients (A),
only male patients (B), and only female patients (C).
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Figure S5. Proportion of patients with at least one
filled statin prescription by sex and age groups dur-
ing different years of follow-up.

Figure S6. Estimated marginal probabilities of
being at target for LDL-C (left column) and systolic
blood pressure (right column) based on centre-
based cardiac rehabilitation (top row), diagnosis of
125 (middle row), and diabetes at index event (bot-
tom row). BP, blood pressure.

Figure S7. Absolute numbers and percentages of
men (A) and women (B) who participated in centre-
based cardiac rehabilitation, had diabetes at index
ACS and had the ICD10 code 125 any year after
ACS.

Figure S8. Estimated marginal probabilities of
measurement (top row) of LDL-C (A) and systolic
blood pressure (B) each year after index ACS by
sex. Estimated marginal probabilities of being at
target (middle row) for LDL-C (C) and systolic blood
pressure (D) by sex. Marginal mean levels (bot-
tom row) of LDL-C and systolic blood pressure by
sex. Adjusted for age, previous comorbidities, prior
acute coronary syndrome, previous diabetes, year
of inclusion, hospital-based cardiac rehabilitation
and diagnosis of 125.

Figure S$9. Estimated marginal probabilities of
measurement (top row) of LDL-C (A) and systolic
blood pressure (B) each year after index ACS by
participation in centre-based cardiac rehabilita-
tion. Marginal mean levels (bottom row) of LDL-C
(C) and systolic blood pressure (D). Adjusted for
sex, age, previous comorbidities, prior acute coro-
nary syndrome, previous diabetes, year of inclu-
sion, and diagnosis of I25.

Figure S10. Estimated marginal probabilities of
measurement (top row) of LDL-C (A) and sys-
tolic blood pressure (B) each year after index
ACS by diabetes at time of index event. Marginal
mean levels (bottom row) of LDL-C (C) and systolic
blood pressure (D). Adjusted for sex, age, previous
comorbidities, prior acute coronary syndrome, year
of inclusion, hospital-based cardiac rehabilitation
and diagnosis of 125. ®
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