
Circulation: Cardiovascular Quality and Outcomes

1

Circulation: Cardiovascular Quality and Outcomes is available at http://www.ahajournals.org/journal/circoutcomes

Circ Cardiovasc Qual Outcomes. 2024;17:e010790. DOI: 10.1161/CIRCOUTCOMES.123.010790 August 2024

 

Correspondence to: David Nanchen, MD, MSc, Center for Primary Care and Public Health (Unisanté), University of Lausanne, Rue du Bugnon 44, CH-1011 Lausanne, 
Switzerland. Email david.nanchen@unisante.ch
*K. Krasieva and B. Gencer are joint first authors.
†F. Mach and D. Nanchen are joint last authors.
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.123.010790.
For Sources of Funding and Disclosures, see page XXX.
© 2024 The Authors. Circulation: Cardiovascular Quality and Outcomes is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an open 
access article under the terms of the Creative Commons Attribution License, which permits use, distribution, and reproduction in any medium, provided that the original work is 
properly cited.

ORIGINAL ARTICLES

Association Between Patient Sex and 
Familial Hypercholesterolemia and Long-Term 
Cardiovascular Risk Factor Management 5 Years 
After Acute Coronary Syndrome
Kristina Krasieva , MD*; Baris Gencer , MD*; Isabella Locatelli , PhD; David Carballo , MD; Olivier Muller , MD, PhD;  
Stéphane Fournier, MD, PhD; Christian M. Matter , MD; Lorenz Räber , MDPhD; Nicolas Rodondi , MD; François Mach , MD; 
David Nanchen , MD

BACKGROUND: Long-term control of cardiovascular risk factors after acute coronary syndrome (ACS) is the cornerstone for 
preventing recurrence. We investigated the extent of cardiovascular risk factor management in males and females with and 
without familial hypercholesterolemia (FH) 5 years after ACS.

METHODS: We studied patients hospitalized for ACS between 2009 and 2017 in a Swiss multicenter prospective cohort study. 
FH was defined based on clinical criteria from the Dutch Lipid Clinic Network and Simon Broome definitions. Five years post-
ACS, we assessed low-density lipoprotein-cholesterol (LDL-c) levels, lipid-lowering therapy (LLT), and other cardiovascular 
risk factors, comparing males to females with and without FH using generalized estimating equations.

RESULTS: A total of 3139 patients were included; mean age was 61.4 years (SD, 12.1), 620 (19.8%) were female, and 747 
(23.5%) had possible FH. Compared with males at 5-years post-ACS, females were more likely to not use statins (odds ratio, 
1.61 [95% CI, 1.28–2.03]) and less likely to have combination LLT (odds ratio, 0.72 [95% CI, 0.55–0.93]), without difference 
between patients with FH and without FH. Females in both FH and non-FH groups less frequently reached LDL-c values 
≤1.8 mmol/L (odds ratio, 0.78 [95% CI, 0.78–0.93]). Overall, patients with FH were more frequently on high-dose statins 
compared with patients without FH (51.0% versus 42.9%; P=0.001) and presented more frequently with a combination of 2 
or more LLT compared with patients without FH (33.8% versus 17.7%; P<0.001), but less frequently reached LDL-c targets 
of ≤1.8 mmol/L (33.5% versus 44.3%; P<0.001) or ≤2.6 mmol/L (70.2% versus 78.1%; P=0.001).

CONCLUSIONS: Five years after ACS, females had less intensive LLT and were less likely to reach target LDL-c levels than 
males, regardless of FH status. Males and females with FH had less optimal control of LDL-c despite more frequently taking 
high-dose statins or combination LLT compared with patients without FH. Long-term management of patients with ACS and 
FH, especially females, warrants optimization.
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Sex differences in cardiovascular therapy among 
patients with coronary artery disease (CAD) have 
been reported in both hospital and outpatient 

settings and among different groups of patients.1,2 

Worldwide, females with familial hypercholesterolemia 
(FH) were less likely to be taking high-intensity statins 
or a combination of lipid-lowering therapies (LLTs) than 
males.3 Patients with FH are a subpopulation that is at 
increased cardiovascular risk driven by life-long expo-
sure to high levels of low-density lipoprotein-cholesterol 
(LDL-c). It is the long-term lowering of LDL-c that is 
associated with lower cardiovascular risk compared with 
short-term lowering.4 However, despite high-intensity 
LLT, it is more difficult for patients with FH to reach LDL-
c target values.5–8 Some studies have also shown that it is 
even more difficult for patients with FH and atheroscle-
rotic cardiovascular disease (ASCVD) to reach these tar-
gets.9–12 In addition, females were less likely to be taking 
any LLT and were less likely to reach LDL-c goal values 
than males.3,13–15 Despite similar lipid profiles, females 
with FH were also less likely to receive high-dose statins 
compared with males with FH in primary and secondary 
prevention.10,16 One year after acute coronary syndrome 
(ACS) in Switzerland, we reported that nearly all patients 
with FH had failed to reach the 2016 European Soci-
ety of Cardiology (ESC) guidelines-recommended LDL-c 
target of <1.8 mmol/L and that for more than a fourth of 
patients, statin dosage was not optimized.17 Similar find-
ings have been reported in other countries.18,19

To improve lipid management after ACS, recent 2021 
ESC guidelines recommend using a combination of LLTs, 
such as adding ezetimibe and PCSK9 (proprotein con-
vertase subtilisin-kexin type 9) inhibitors to statins when 
target values are difficult to achieve. Among patients 
with FH, it has been reported that combination therapy 
is associated with a greater reduction of LDL-c levels 
and higher rates of attainment of LDL-c goals than with 
monotherapy.3 These studies did not evaluate long-term 
outcomes post-ACS, and data remains scarce about lipid 
and cardiovascular risk factor management in the long 
term after ACS in males and females with FH. A bet-
ter assessment of long-term quality of care is important 
because a report with a follow-up of as long as 5 years 
in patients with FH has shown that early and consistent 
LLT decreases the risk of incident ASCVD compared 
with those without LLT.20 Therefore, we aimed to investi-
gate the association between patient sex and LDL-c, LLT, 
and other cardiovascular risk factor management 5 years 
after ACS in those with and without FH.

METHODS
Study Design
We performed an analysis of the SPUM-ACS (Special Program 
University Medicine-Acute Coronary Syndrome) cohort study 
database. SPUM-ACS is a large prospective multicenter cohort 
study of patients hospitalized with ACS in 4 university centers 
in Switzerland.21 The data that support the findings of this study 
are available from the corresponding author upon reasonable 
request. Data collection about medication use and a blood draw 

WHAT IS KNOWN
• Females are less likely to have intensive lipid- lowering 

treatment than men, such as high-dose statins or a 
combination of different lipid-lowering therapies.

• Most patients with familial hypercholesterolemia 
(FH) failed to reach recommended low-density 
 lipoprotein-cholesterol levels.

WHAT THIS STUDY ADDS
• Five years after acute coronary syndrome, sex dis-

parities are present in FH management, with females 
less likely to take statins or have a combination of 
lipid-lowering therapies.

• Females reached less frequently target low-density 
lipoprotein-cholesterol values than males in the 5 
years after acute coronary syndrome, independent 
of the presence of FH.

• Patients with clinical FH have more intensive 
lipid-lowering treatment than patients without FH. 
Despite this, patients with FH are less likely to reach 
guidelines-recommended low-density lipoprotein-
cholesterol levels than those without FH.

Nonstandard Abbreviations and Acronyms

ACS acute coronary syndrome
ASCVD  atherosclerotic cardiovascular 

disease
BP blood pressure
CAD coronary artery disease
DLCN Dutch lipid clinic network
ESC European Society of Cardiology
FH familial hypercholesterolemia
HbA1c glycated hemoglobin
LDL-c low-density lipoprotein-cholesterol
LLT lipid-lowering therapy
OR odds ratio
PCSK9  proprotein convertase subtilisin-

kexin type 9
SAFEHEART  Spanish Familial Hypercholesterol-

emia Cohort Study
SANTORINI  Treatment of High and Very High 

Risk Dyslipidemic Patients for 
the Prevention of Cardiovascular 
Events in Europe–A Multinational 
Observational Study

SPUM-ACS  Special Program University 
 Medicine-Acute Coronary Syndrome
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to measure cholesterol levels and other parameters were com-
pleted during patient visits, which took place at 4 time points: 
baseline, discharge, 1 year, and 5 years post-ACS. Clinical 
management data at 5-year follow-up visits was available for 
a sample of patients because they were ineligible due to study 
design or they did not respond to invitations to participate in the 
5-year follow-up (cf. Figure S1).

Study Population
Patients from the SPUM-ACS study were enrolled between 
2007 and 2017. Patients who died during the study or who 
did not have follow-up data available at 5 years post-ACS were 
excluded.

Diagnosis of FH
We used the Dutch Lipid Clinic Network (DLCN) score as 
well as the Simon Broome criteria to define the clinical FH of 
patients at baseline. The DLCN score is based on age, per-
sonal and family history of premature cardiovascular disease, 
and LDL-c levels at baseline. For patients not receiving lipid-
lowering treatment at baseline, LDL-c levels without treatment 
were estimated based on the methods explained by Besseling 
et al.22 The DLCN score is used by many guidelines to diagnose 
clinical FH due to genetic tests being costly.23–25 The methods 
used to define FH based on DLCN and Simon Broome scores 
are described in our previous analysis at 1-year post-ACS.17 
We further use a combination of definitions to define the pres-
ence or absence of FH: all FH definitions (DLCN, ≥3 points and 
Simon Broome criteria combined), possible FH (DLCN, 3–5 
points), probable/definite FH (DLCN, >5 points), and possible 
FH based on the Simon Broome criteria.

Outcomes
The attainment of LDL-c target levels for our study sample, 
comprising only very high-risk patients, was evaluated accord-
ing to 4 criteria: (1) the 2019 ESC-recommended LDL-c tar-
get of ≤1.4 mmol/L for very high-risk patients; (2) the 2016 
ESC-recommended target LDL of ≤1.8 mmol/L for very high-
risk patients; (3) 2016 ESC-recommended target LDL of ≤2.6 
mmol/L for high-risk patients; and (4) the 2016 and 2019 
ESC recommendations of a decrease of at least 50% from 
baseline LDL-c levels.4,26

LLT included statins, ezetimibe, fibrates, niacin, or PCSK9 
inhibitors. High-dose statin was defined as atorvastatin ≥40 
mg/d or rosuvastatin ≥20 mg/d. Monotherapy was defined as 
the use of solely 1 LLT. Combination therapy was defined as the 
combination of any of the LLTs mentioned above. Management 
of other cardiovascular risk factors included blood pressure 
(BP) control, defined as a systolic BP <140 mm Hg and dia-
stolic BP <90 mm Hg at the patients’ follow-up visit, glycated 
hemoglobin (HbA1c) <7% in patients with diabetes at base-
line, taking aspirin and antihypertensive medication, defined 
as angiotensin-converting enzyme inhibitors, angiotensin 
II-receptor inhibitors, beta-blockers, calcium channel blockers 
or diuretics, smoking cessation in those who were smokers 
at baseline, weight loss of at least 5% in patients who were 
overweight or obese at baseline (overweight defined as a body 
mass index 25–30 kg/m2, obesity defined as a body mass 
index >30 kg/m2), and alcohol consumption reduction, defined 

as a consumption of ≤14 units of alcohol per week in patients 
who had an at-risk consumption at baseline, defined as >14 
units per week.

Covariables
A family history of premature CAD was defined as a history of 
myocardial infarction or percutaneous coronary intervention in 
first-degree male family members before 55 years of age and 
first-degree female family members before 60 years of age.

Statistical Analyses
χ2 tests were used to compare binary characteristics between 
males and females with and without FH (all definitions com-
bined). Continuous variables were compared using Student 
t tests as they showed an approximately normal distribution. 
We also performed analyses on the whole study sample (both 
sexes combined) with stratification based on the different defi-
nitions of FH (DLCN, Simon Broome criteria). Four generalized 
estimating equation models with autoregressive correlation 
structure were estimated to determine the impact of FH, sex, 
and time on (1) the probability of not taking a statin, (2) the 
probability of having a combination therapy, (3) the probability 
of having LDL-c ≤1.8 mmol/L, and (4) the probability of having 
LDL-c ≤2.6 mmol/L. All pairwise and 3-way interactions were 
tested between the 3 predictors (FH, sex, and time), retaining 
only significant interactions in the model (P<0.10). Since time 
is a variable with 3 categories (discharge, 1-year, and 5-years) 
and therefore coded with 2 binary variables, the interactions 
sex/time and FH/time were retained if at least one of the 2 
interactions involved in each was significant (eg, FH with 1 year 
or FH with 5 years). Sankey charts were also added to help 
visualize this evolution in patients with and without FH. Stata16 
software (StataCorp, College Station, TX) was used for all the 
statistical analyses except the Sankey charts and generalized 
estimating equation models, which were done with software R 
(R Core Team, 2022; https://www.R-project.org/). The Sankey 
charts were made using the package “ggsankey” (https://
github.com/davidsjoberg/ggsankey.git).

Ethics Committee
The SPUM-ACS study was approved by the medical eth-
ics committee of each center (Lausanne, Geneva, Bern, and 
Zurich) at the beginning of the data collection. All participants 
gave written informed consent to participate in the study.

RESULTS
At the time of analysis, a total of 6359 patients were 
in the SPUM-ACS cohort, and 5287 were eligible for 
analysis (cf. Figure S1). Of these, 59.4% participated in 
their 5-year follow-up visit. Therefore, our final sample for 
analysis consisted of 3139 patients with 5-year follow-
up information on clinical management. Although the 
patients who did not participate in the 5-year follow-up 
were older and had a lower education level than those 
who did, the proportion of females was similar between 
the 2 groups, as reported in Table S1. The mean age of 
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the 3139 participants at baseline was 61.4 years, and 
620 (19.8%) were female. Table 1 shows the baseline 
characteristics of the participants stratified by sex and 
FH status. The same data are available stratified only by 
FH status with various definitions of FH in Table S2. In 
both groups, males were younger than females by 6 and 
7 years at the time of hospitalization (Table 1). Overall, 

patients with FH were on average >10 years younger 
than those without FH at hospital admission and less fre-
quently suffered from comorbidities, such as hyperten-
sion (56.4% versus 38.0%; P<0.001), diabetes (17.7% 
versus 10.7%; P<0.001), or preexisting cardiovascular 
disease (24.3% versus 15.2%; P<0.001), than patients 
without FH (Table S2).

Table 1. Characteristics of Study Participants at the Time of Acute Coronary Syndrome (ACS), Stratified by Sex and FH Status 
(n=3139)

 

No FH, n=2402

P value (males and 
females without FH) 

All FH definitions, n=737

P value (males and 
females with FH) 

Males, 
n=1929 

Females, 
n=473 

Males, 
n=590 

Females, 
n=147 

Demographics

  Age, y 63.2 (10.7) 69.3 (11.5) <0.001 50.2 (8.7) 57.1 (11.3) <0.001

  Higher education,* n=3058 653 (34.8) 103 (22.3) <0.001 227 (39.0) 41 (29.3) 0.03

  Married 1319 (68.4) 200 (42.3) <0.001 393 (66.6) 88 (59.9) 0.12

  Living alone, n=3122 380 (19.8) 212 (45.1) <0.001 122 (20.8) 41 (28.7) 0.04

Habits

  Alcohol consumption, units/wk, n=2993 8.6 (10.5) 3.3 (5.8) <0.001 7.4 (9.7) 4.3 (8.1) <0.001

  At risk alcohol use,† n=3082 407 (21.5) 18 (3.9) <0.001 104 (17.9) 13 (8.9) <0.001

  Current smoking, n=3139 719 (37.3) 157 (33.2) 0.1 352 (59.7) 81 (55.1) 0.3

Comorbidities

  Hypertension,‡ n=3138 1042 (54.1) 312 (66.0) <0.001 210 (35.6) 70 (47.6) 0.007

  Diabetes mellitus,§ n=3138 347 (18.0) 78 (16.5) 0.44 60 (10.2) 19 (12.9) 0.33

  Preexisting CVD, n=3137 478 (24.8) 106 (22.4) 0.28 93 (15.8) 19 (12.9) 0.39

  Obesity,‖n=3139 392 (20.3) 93 (19.7) 0.75 145 (24.6) 34 (23.1) 0.71

  Family history of premature, CAD,¶ n=3124 351 (18.3) 92 (19.5) 0.56 325 (55.2) 91 (61.9) 0.14

LDL-cholesterol

  LDL-cholesterol in mmol/L, n=1236 3.15 (0.81) 3.28 (0.84) 0.004 4.57 (1.23) 4.66 (1.62) 0.44

 �≤1.4 mmol/L, n=1236 230 (22.4) 29 (13.9) 0.006 50 (15.7) 12 (14.3) 0.75

 �≤1.8 mmol/L, n=1236 470 (45.7) 77 (37.0) 0.02 108 (33.9) 27 (32.1) 0.77

 �≤2.6 mmol/L, n=1236 818 (79.6) 147 (70.7) 0.005 231 (72.4) 52 (61.9) 0.06

Medication use at admission

  Lipid-lowering therapy,# n=1941 548 (44.5) 145 (39.9) 0.13 142 (55.5) 29 (32.2) <0.001

  Monotherapy, n=1941 498 (40.4) 138 (38.0) 0.08 134 (52.3) 27 (30.0) 0.001

  Statin alone, n=838 479 (90.2) 132 (93.0) 0.24 125 (91.2) 25 (89.3) 0.95

  Ezetimibe alone, n=838 6 (1.1) 3 (2.1) 0.24 4 (2.9) 1 (3.6) 0.95

  Combination therapy,** n=1941 50 (4.1) 7 (1.9) 0.08 8 (3.1) 2 (2.2) 0.001

  Statin+ezetimibe, n=838 46 (8.7) 7 (4.9) 0.24 8 (5.8) 2 (7.1) 0.95

  Statin, n=1941 528 (42.9) 139 (38.3) 0.12 133 (52.0) 27 (30.0) <0.001

  High-dose statin,†† n=1941 132 (10.7) 40 (11.0) 0.87 48 (18.8) 7 (7.8) 0.014

  Aspirin, n=1945 530 (42.9) 145 (39.8) 0.30 118 (46.1) 21 (23.3) <0.001

  Antidiabetic medication, n=1944 252 (20.4) 52 (14.3) 0.01 34 (13.3) 13 (14.4) 0.78

Data are given as mean (SD) or number (percentage), unless indicated.
CAD indicates coronary artery disease; CVD, cardiovascular disease; FH, familial hypercholesterolemia; and LDL-cholesterol, low-density lipoprotein-cholesterol.
*Defined as a high school or university graduation or higher.
†Defined as self-reported >14 drinks per week.
‡Defined as systolic BP ≥140 mm Hg and diastolic BP ≥90 mm Hg.
§Based on as self-reported and medication information.
‖Defined as a body mass index ≥30 kg/m2.
¶Defined as a history of coronary artery disease in first-degree male relatives <55 y old and first-degree female relatives <65 y old.
#Defined as use of statins, ezetimibe, fibrates, or niacin.
**Defined as use of any combination of statins, ezetimibe, fibrates, or niacin.
††Defined as atorvastatin ≥40 mg/d or rosuvastatin ≥20 mg/d.
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Table 2 reports LDL-c management and type of LLT 
use in males and females with and without FH at 5-year 
follow-up post-ACS. Females more frequently presented 
with a higher LDL-c than males in both FH and non-
FH groups (no FH: 2.26 mmol/L [SD, 0.96] versus 2.02 
mmol/L [SD, 0.85]; P<0.001; FH: 2.55 mmol/L [SD, 1.19] 
versus 2.24 mmol/L [SD, 0.94]];, P=0.01) and were less 
likely to attain LDL-c targets in the no FH group (LDL-c 
≤2.6 mmol/L: 70.7% versus 79.6%; P=0.005; Table 2). 
In the non-FH group, females were less frequently tak-
ing any type of LLT or having a combination LLT than 
males (84.0% versus 88.3%, P=0.04, and 14.7% versus 
18.4%, P=0.06, respectively). A similar trend is pres-
ent in the FH group without reaching statistical signifi-
cance. Overall, patients with FH less frequently reach 
target LDL-c levels compared with patients without FH. 
51.0% of patients with FH were still on high-dose statins 
as prescribed at hospital discharge, and 33.8% were on 
a combination therapy 5 years post-ACS, as compared 
with 42.9% (P=0.001) and 17.7% (P<0.001) of patients 
without FH, respectively (Table S3; Figures S2, S3, and 
S4). Table 3 and Table S4 report other cardiovascular risk 
factor management 5 years after ACS. There was no dif-
ference in the achievement of recommended targets for 
BP, HbA1c, smoking cessation, or alcohol use between 
males and females in both FH and non-FH groups. Tables 
S5 and S6 compare LLT use and statin intensity between 

males and females with and without FH and show results 
in terms of percentages and P values.

Figure 1 and Table S7 report the progression of 
statin and combination therapy use over 5 years by sex 
and presence of FH estimated via generalized estimat-
ing equation models. Being female corresponded to 
a greater probability of not having statins at discharge 
(odds ratio [OR], 1.6 [95% CI, 1.3–2.0]), while being 
FH was not significantly associated with this probabil-
ity (OR, 1.2 [95% CI, 0.9–1.6]). The probability of not 
taking statins increased significantly between discharge 
and 1 year, with no difference between FH and non-FH 
groups (non-FH: OR, 4.7 [95% CI, 3.4–6.6]; FH: OR, 5.6 
[95% CI, 3.1–10.2]; P value of difference=0.630). The 
increase was also significant between 1 and 5 years, 
and, in this case, it was significantly greater for non-FH 
at the 10% significance level (no FH: OR, 2.4 [95% CI, 
2.0–2.8]; FH: OR, 1.7 [95% CI, 1.2–2.4]; P value of the 
difference=0.097). No interaction between sex and time 
or between sex and FH was found to be significant, thus 
it was not retained in the model. Similarly, being female 
corresponded to a smaller probability of having a combi-
nation therapy at discharge (OR, 0.7 [95% CI, 0.6–0.9]), 
while being FH significantly increased this probability 
(OR, 1.8 [95% CI, 1.3–2.4]). The probability of having a 
combination therapy increased significantly between dis-
charge and 1 year, with no difference between FH and 

Table 2. LDL-Cholesterol Goal Attainment and Lipid-Lowering Therapy in Patients 5 Years After ACS Stratified by Sex and FH 
Status (n=3139)

 

No FH, n=2402

P value (males and 
females without FH) 

All FH definitions, n=737

P value (males and 
females with FH) 

Males, 
n=1929 

Females, 
n=473 

Males, 
n=590 

Females, 
n=147 

LDL-cholesterol

  LDL-cholesterol in mmol/L, n=1639 2.02 (0.85) 2.26 (0.96) <0.001 2.24 (0.94) 2.55 (1.19) 0.01

 �≤1.4 mmol/L, n=1639 230 (22.4) 29 (13.9) 0.006 50 (15.7) 12 (14.3) 0.8

 �≤1.8 mmol/L, n=1639 470 (45.7) 77 (37.0) 0.02 108 (33.9) 27 (32.1) 0.8

 �≤2.6 mmol/L, n=1639 818 (79.6) 147 (70.7) 0.005 231 (72.4) 52 (61.9) 0.06

  50% decrease reached, n=1476 273 (30.2) 54 (28.4) 0.6 133 (43.9) 31 (38.8) 0.4

Lipid-lowering therapy

  Lipid-lowering therapy,* n=2179 1209 (88.3) 251 (84.0) 0.04 377 (92.9) 94 (88.7) 0.2

  Monotherapy LLT,† n=2179 958 (70.0) 207 (69.2) 0.06 233 (57.4) 65 (61.3) 0.2

  Statin alone, n=2179 932 (68.1) 201 (67.2) 0.6 220 (54.2) 58 (54.7) 0.3

  Ezetimibe alone, n=2179 15 (1.1) 2 (0.7) 0.6 8 (2.0) 4 (3.8) 0.3

  PCSK9 inhibitor alone, n=2179 7 (0.5) 3 (1.0) 0.6 3 (0.7) 2 (1.9) 0.3

  Combination LLT,‡ n=2179 251 (18.4) 44 (14.7) 0.06 144 (35.5) 29 (27.4) 0.2

  Statin+ezetimibe, n=2179 237 (17.3) 42 (14.1) 0.6 134 (33.0) 26 (24.5) 0.3

  Statin+PCSK9 inhibitor, n=2179 3 (0.2) 0 (0.0) 0.6 2 (0.5) 0 (0.0) 0.3

Data are given as mean (SD) or number (percentage), unless indicated.
ACS indicates acute coronary syndrome; FH, familial hypercholesterolemia; LDL-cholesterol, low-density lipoprotein-cholesterol; and PSCK9 inhibitor, proprotein 

convertase subtilisin-kexin type 9 inhibitor.
*Use of statins, ezetimibe, fibrates or niacin, or PCSK9 inhibitors.
†Defined as use of only one of the LLTs (see below).
‡Defined as a combination of statin + ezetimibe, statin+ niacin, statin + fibrates, or niacin + ezetimibe, statin + PCSK9 inhibitors±ezetimibe, PCSK9 inhibitors + 

ezetimibe, PCSK9 inhibitors + fibrates, PCSK9 inhibitors + niacin.
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non-FH (non-FH: OR, 2.5 [95% CI, 2.0–3.2]; FH: OR, 
2.9 [95% CI, 2.0–4.1]; P value of difference=0.587). The 
increase was also significant between 1 and 5 years, and 
it was significantly greater for FH at 10% significance 
level (no FH: OR, 3.8 [95% CI, 3.1–4.6]; FH: OR, 5.1 
[95% CI, 4.0–6.7]; P value of the difference=0.063). No 
interaction between sex and time or between sex and 
FH was found to be significant, thus it was not retained 
in the model.

Regarding LDL-c goal achievement (Figure 2; Table 
S8), being female corresponded to a lower probability of 
having LDL-c ≤1.8 mmol/L at hospital admission (OR, 
0.8 [95% CI, 0.7–0.9]), and being FH also significantly 
reduced this probability (OR, 0.5 [95% CI, 0.4–0.6]), 
according to our generalized estimating equation mod-
els. The probability of LDL-c ≤1.8 mmol/L increased 
significantly between hospital admission and 1 year and 
between 1 and 5 years. The increase was significantly 
greater for FH at both 1 year (non-FH: OR, 11.7 [95% 
CI, 9.6–14.2]; FH: OR, 21.1 [95% CI, 11.2–39.6]; P value 
of difference=0.080) and between 1 and 5 years (non-
FH: OR, 1.2 [95% CI, 1.0–1.3]; FH: OR, 1.7 [95% CI, 
1.3–2.1]; P value of difference=0.008). No interaction 
between sex and time or between sex and FH was found 
to be significant (thus not included in the model). Similar 
results were found for the target LDL-c ≤2.6 mmol/L.

All models were also estimated, adjusting for age, 
level of education, and study site. No relevant differences 
were found compared with unadjusted models, with the 
exception of the effect of sex on the probability of having 
combination therapy at discharge, which became weaker 
(OR, 0.9 [95% CI, 0.7–1.1]; data not shown).

DISCUSSION
In this large prospective cohort study that included over 
600 females with CAD and over 700 patients with clinical 
FH with a follow-up of 5 years after ACS, we found that 
there were large sex disparities in LLT use, with females 
having less optimal lipid-lowering treatment than males, 
independently of the presence of FH. This included the 
probability of having no statin and of less frequently hav-
ing a combination LLT. Furthermore, females were less 
likely to reach target LDL-c values at the 5-year follow-
up as compared with males, independent of FH status. 
Second, target LDL-c levels were less frequently reached 
in patients with FH than in those without FH, despite 
higher use of high-dose statins or combination LLT 5 
years after ACS. Moreover, only half of the patients with 
FH were still on high-dose statins as prescribed at hos-
pital discharge, and only one third were on a combination 
therapy 5 years post-ACS.

Table 3. Cardiovascular Risk Factor Management in Patients 5 Years After ACS, Stratified by Sex and FH Status (n=3139)

 

No FH, n=2402

P value (males and 
females without FH) 

All FH definitions, n=737

P value (males and 
females with FH) 

Males, 
n=1929 

Females, 
n=473 

Males, 
n=590 

Females, 
n=147 

Blood pressure

  Mean systolic BP in mm Hg, n=1203 132.7 (15.5) 134.6 (16.4) 0.2 129.3 (14.5) 134.0 (19.9) 0.04

  Mean diastolic BP in mm Hg, n=1203 79.4 (9.8) 75.3 (9.5) <0.001 81.3 (9.6) 79.4 (10.7) 0.2

  Systolic BP <140 mm Hg in those with 
systolic BP ≥140 mm Hg at 1 y, n=337

120 (50.9) 20 (46.5) 0.60 25 (58.1) 6 (40.0) 0.23

  Diastolic BP <90 mm Hg in those with 
diastolic BP ≥90 mm Hg at 1 y, n=160

84 (76.4) 8 (66.7) 0.46 20 (62.5) 4 (66.7) 0.85

HbA1c

  Reached HbA1c <7% if diabetic, n=214 56 (37.3) 12 (48.0) 0.3 13 (40.6) 5 (71.4) 0.1

Other medication

  Aspirin, n=2180 1230 (89.9) 260 (86.7) 0.1 377 (92.9) 98 (92.5) 0.9

  Antihypertensive medication,* n=2179 1207 (88.2) 271 (90.6) 0.2 331 (81.5) 91 (85.9) 0.3

  Preventive drugs (aspirin+statin; n=2179) 1069 (78.1) 216 (72.2) 0.03 338 (83.3) 79 (74.5) 0.04

Smoking

  Quit smoking after ACS, n=786 188 (42.4) 39 (43.8) 0.8 97 (47.8) 22 (43.1) 0.6

Weight change

  5% weight loss in overweight or obese, n=945 152 (25.2) 38 (36.9) 0.01 37 (18.0) 8 (24.2) 0.4

Alcohol

  EtOH consumption <14 units/wk in those with 
at-risk consumption at baseline,† n=542

87 (21.4) 4 (22.2) 0.9 28 (26.9) 5 (38.5) 0.4

Data are given as mean (SD) or number (percentage), unless indicated.
ACS indicates acute coronary syndrome; BP, blood pressure; EtOH, ethanol; FH, familial hypercholesterolemia; and HbA1c, glycated hemoglobin.
*Angiotensin-converting enzyme inhibitors, angiotensin II-receptor inhibitors, beta-blockers, calcium channel blockers, diuretics.
†At-risk consumption defined as >14 units of alcohol per week.D
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Our results about sex differences are similar to 
another study in the general population, showing that 
females are less likely than males to be taking statins 
1 year after ACS.27 Here, we further report that this dif-
ference persists in the long term after ACS. A study by 

Perez de Isla et al9 with a 5-year follow-up of patients 
with FH in the Spanish SAFEHEART Registry (Spanish 
Familial Hypercholesterolemia Cohort Study) reported 
that females with FH have a lower OR than males of 
using high-dose statins, but this result is not stratified 

Figure 1. Progression of LLT and statin use from discharge to 5 years post-ACS for males and females with and without FH* 
estimated via generalized estimating equation (GEE) models (n=3139).
*All definitions of FH used (DLCN possible and probable FH and Simon Broome register). ACS indicates acute coronary syndrome; FH, familial 
hypercholesterolemia; and LLT, lipid-lowering therapy.

Figure 2. Progression of achievement of target LDL-c values from hospital admission to 5 years post-ACS for males and 
females with and without FH* estimated via generalized estimating equation models (n=3139).
*All definitions of FH used (Dutch Lipid Clinic Network possible and probable FH and Simon Broome register). ACS indicates acute coronary 
syndrome; FH, familial hypercholesterolemia; LDL-c, low-density lipoprotein-cholesterol, and LLT, lipid-lowering therapy.
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by the presence of ASCVD. We also found that females 
had a higher probability of not having any LLT at all at 5 
years post-ACS as compared with males and that they 
were less likely than males to be receiving combination 
therapy. These differences in management may be par-
ticularly problematic for females with FH because they 
have a life-long cardiovascular risk similar to males at a 
young age.28 One of the explanations for females hav-
ing a lower use of statins is a higher prevalence of side 
effects from statins.27,29,30 One study found that other fac-
tors that play a role in lower prescription rates of statins 
for females after ACS are females’ higher age at the time 
of ACS than males, their lower cardiovascular risk due to 
a lower prevalence of smoking in females as compared 
with males, and females having less cardiologist evalu-
ations.27 Nevertheless, the 2016 and 2019 ESC guide-
lines report that both sexes derive the same benefit from 
LLT; therefore, more attention is needed to increase the 
quality of care and prevention in terms of LLT in females 
after ACS.

We also reported the differences in LLT use between 
patients with and without FH. The difficulty for patients 
with FH to maintain recommended target LDL-c val-
ues over a long period of time after an ACS has been 
poorly studied. Previous cross-sectional studies have 
investigated LDL-c attainment in FH populations, but 
the patients included are in both primary and secondary 
prevention, and the time after ACS is not specified.31,32 
Another study by Iyen et al5 included only patients in pri-
mary prevention, and follow-up was shorter, at 12 and 
24 months after inclusion. The European Atherosclero-
sis Society FH Studies Collaboration had a large study 
sample of roughly 11 000 patients with FH in secondary 
prevention but reported cross-sectional data only with 
no indication of when ACS took place.3 Only the study 
by Perez de Isla et al9 had a mean 5-year follow-up of 
patients with FH. Their study sample included patients 
with and without ASCVD and found that the presence 
of previous ASCVD was independently associated with 
difficulty in attaining target LDL-c levels, suggesting 
that clinically significant LDL-c burden is more difficult 
to reverse. Our study reinforces this message based on 
a larger study sample of patients with FH in secondary 
prevention. Similar results have been found in the general 
population in the DA VINCI cohort,33,34 where patients in 
primary prevention reach their respective LDL-c targets 
more frequently than patients in secondary prevention. A 
possible explanation for patients with FH in secondary 
prevention having more intensive treatment is a higher 
risk perceived by physicians due to the higher prevalence 
of a positive family and personal history of premature 
ASCVD and higher untreated LDL-c values in FH. The 
resistance of patients with FH to reach target LDL-c val-
ues probably stems from the nature of their genetic dis-
ease, with a constant over-production of LDL-c despite 
LLT use.

Recent data in the international SANTORINI study 
(Treatment of High and Very High Risk Dyslipidemic 
Patients for the Prevention of Cardiovascular Events 
in Europe–A Multinational Observational Study)33 by 
Ray et al reported that at 1-year follow-up, combination 
therapy was used in 26.4% of patients in the very high-
risk group, 7.5% of whom had FH. In our study sample 
composed only of very high-risk patients with 23.5% of 
patients with FH, the use of combination LLT in patients 
with FH and non-FH combined was slightly lower at 
21.5%. Hopefully, the prescription of combination LLT 
will continue to rise for patients in secondary prevention, 
bringing them closer to reaching target LDL-c values.

Our study has several limitations. First, the definition 
of FH was based on clinical variables without genetic 
tests being performed. This could lead to a potential 
misclassification of monogenic forms of FH. However, 
the standard of care is largely based on the clinical 
definition of FH in Switzerland, as genetic tests are 
not reimbursed by health insurances. Second, at 1- 
and 5-year follow-up visits, information was based on 
patient knowledge; therefore, patients who were not 
properly informed on their medication or the dosage 
of their treatment could have been misclassified. Fur-
thermore, our data on PCSK9 inhibitors is very limited, 
as only a small percentage of patients were taking 
them at the 5-year follow-up visit. Finally, as reported 
in Figure S1, not all patients in the cohort had a 5-year 
follow-up visit, explaining the large number of missing 
values at the follow-up time points. Our study sample 
was based on centers and not on patient characteris-
tics, without sex differences between patients who did 
and did not participate, as reported in Table S1. There-
fore, we believe that our study sample at 5 years had 
sufficient external validity and was larger than in previ-
ous studies.

CONCLUSIONS
Five years after ACS, LLT use and target LDL-c achieve-
ment for females were systematically worse in the long 
term after ACS compared with men. Furthermore, the lipid 
management of patients with FH was insufficient. With 
the large panel of lipid-lowering drugs currently avail-
able, more stringent management, such as an increase in 
the prescription of combination LLT, could lead to higher 
rates of LDL-c target attainment and reduced recurrent 
cardiovascular events in males and females, both with 
and without FH, after ACS.
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