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Women with familial 
hypercholesterolemia phenotype 
are undertreated and poorly 
controlled compared to men
Alberto Zamora  1,2,3,4,5,13, Rafel Ramos 2,6,7,9,13*, Marc Comas‑Cufi 6,7, María García‑Gil 6,7, 
Ruth Martí‑Lluch 6,7, Nuria Plana 4,8, Lia Alves‑Cabratosa 6,7, Anna Ponjoan 6,7, 
Celia Rodríguez‑Borjabad 4,8, Daiana Ibarretxe 4,8, Irene Roman‑Degano 5,10,11, 
Jaume Marrugat 5,10, Roberto Elosua 5,10,11, Anabel Martín‑Urda 12 & Lluis Masana 4,8

Familial hypercholesterolemia (FH) is an autosomal dominant disease that has a prevalence of 
approximately 1/250 inhabitants and is the most frequent cause of early coronary heart disease (CHD). 
We included 1.343.973 women and 1.210.671 men with at least one LDL-c measurement from the 
Catalan primary care database. We identified 14.699 subjects with Familial hypercholesterolemia-
Phenotype (FH-P) based on LDL-c cut-off points by age (7.033 and 919 women, and 5.088 and 1659 
men in primary and secondary prevention, respectively). Lipid lower therapy (LLT), medication 
possession ratio (MPR) as an indicator of adherence, and number of patients that reached their goal 
on lipid levels were compared by sex. In primary and secondary prevention, 69% and 54% of women 
(P = 0.001) and 64% and 51% of men (P = 0.001) were on low-to-moderate-potency LLT. Adherence to 
LLT was reduced in women older than 55 years, especially in secondary prevention (P = 0.03), where 
the percentage of women and men with LDL-c > 1.81 mmol/L were 99.9% and 98.9%, respectively 
(P = 0.001). Women with FH-P are less often treated with high-intensity LLT, less adherent to LLT, and 
have a lower probability of meeting their LDL-c goals than men, especially in secondary prevention.

Cardiovascular diseases (CVD) are the leading cause of death in women. Although cardiovascular mortality has 
decreased over the past 40 years, women continue to have poorer cardiovascular outcomes than men, especially 
at young ages1. Women are understudied, underdiagnosed, and undertreated, owing in part to the assumption 
that they are protected from CVD. Despite the extensive evidence on the well-recognized causal role of LDL-
cholesterol (LDL-c) in CVD, women receive less intensive treatment for high LDL-c than men2.

Familial Hypercholesterolemia (FH) is an autosomal dominant disease and the most common genetic condi-
tion that predisposes individuals to premature development of CVD, with an estimated prevalence of approxi-
mately 1/250 individuals3. Sixty percent of men and 30% of women under 50 and 60 years old, respectively, with 
non-treated FH will experience a coronary event. Approximately 20% of the patients with coronary heart disease 
(CHD) under the age of 55 have FH4, a condition that remains widely underdiagnosed and undertreated, and 
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lacks analysis from the perspective of sex or gender. At present, the same FH diagnostic criteria are used for both 
men and women, without consideration of the variability of LDL-c levels by sex throughout life5. Additionally, 
previous reports indicate that women with FH were received less intensive LLT than men6. In this regard, real-
world data could a useful tool to examine this point considering the sex perspective and help detect possible 
inequities7.

The study objective was to analyze sex differences regarding LLT in people with FH-phenotype (FH-P) by 
examining real-world data from more than 2 million patients.

Methods
The data source for this study was the Information System for the Development of Research in Primary Care 
(SIDIAP), a clinical database of anonymous longitudinal records that contains information from 6.177.972 
patients8. It includes diagnoses (International Classification of Diseases [ICD-10]), hospital discharge informa-
tion (ICD-9/10), laboratory tests, and medications that are dispensed by community pharmacies. The quality of 
the SIDIAP data for the study of CVD epidemiology has been previously documented9.

The authors state that this study complied with the Declaration of Helsinki, and ethical approval was obtained 
from Primary Health Care Research Jordi Goli Gurina Clinical Research Ethics Committee (Girona) (study code 
P17/090). The committee is credited by the Institutional Review Board (IRB) (IRB00005101, IRB Organizations 
(Iorga) (IORG0004303) and Federal Eide Assurance (FWA) for the protection of the human subjects for inter-
national (Non-US Institutions-FWA Number 00009235).

Primary Health Care Research Jordi Goli Gurina Clinical Research Ethics Committee (Girona, Catalonia, 
Spain) approved the exemption of informed consent as this was a retrospective analysis of anonymized databases 
with information provided by the health authorities. The records were dissociated and contained no personal 
data; the confidentiality of the participants was guaranteed and the realization of this study involved no risks for 
them. Its feasibility was dependent on the use of anonymized records and corresponding exemption of informed 
consent.

We included individuals aged 8 years or older who were alive in December 2014 and had at least one measure-
ment of their LDL-c levels between 2006 and 2014. Exclusion criteria applied to patients with are corded history 
of hypothyroidism, nephrotic syndrome, or a triglyceride levels ≥ 400 mg/dL at baseline. We considered that par-
ticipants received LLT if their records contained at least one withdrawal of either statin or ezetimibe prescriptions 
from the pharmacy office within the 6 months preceding the LDL-c measurement. The missing baseline LDL-c 
values were calculated using an imputation algorithm, according to the methodology described by Jorgensen 
et al.10 in patients receiving LLT; and using 10 multiple imputations by chained equations in untreated patients. 
The imputation of pretreated cholesterol levels for participants receiving medications at baseline has been shown 
to yield estimates that are consistent with reports from randomized clinical trials11. The variables included in 
the imputation models were age, sex, dose and type of LLT, treatment adherence (purchasing record), and the 
presence of diabetes mellitus (DM). We considered the LDL-c measurement that was closest to December 2014.

Adherence to treatment was calculated according to the "medication possession ratio" (MPR), defined as the 
proportion of days, within a 6-month period, covered by the lipid-lowering treatment purchased in the pharmacy. 
Adherence is considered adequate if the MPR values are higher than 80%. LLT treatments were classified accord-
ing to their ability to reduce LDL-C levels as low, < 30%; moderate, 30–50%; high, 50–60%; and very high, > 60%12.

FH-P was defined as untreated LDL-c levels of > 4.91 mmol/L in individuals 8 to 17 years old, > 5.94 mmol/L 
in individuals 18 to 30 years old, > 6.18 mmol/L in individuals 30 to 39 years old, > 6.95 mmol/L in individuals 
40 to 48 years old, and > 6.59 mmol/L in individuals older than 48 years old13.

The diagnoses of CVD, which included peripheral arterial disease (PAD), CHD, and ischemic stroke, and 
the presence of DM, hypertension, hypercholesterolemia and smoking were coded using the ICD-10 and ICD-9 
classifications for primary care and hospital records, respectively.

The MEDEA is a socioeconomic deprivation index, validated in the Spanish population. The main compo-
nents of this index are five socioeconomic indicators recorded by census tract: (a) manual workers: percentage 
of manual workers aged ≥ 16; (b) unemployment: number of people aged ≥ 16 years and unemployed or actively 
seeking a job as a percentage of the total economically active population; (c) temporary workers: percentage 
of people employed in temporary jobs and aged ≥ 16 years; (d) low educational level: percentage of people 
aged ≥ 16 years with < 5 years of schooling or with no complete basic compulsory education; (e) Low educational 
level in young people (16–29 years). Higher index values corresponded to greater deprivation, and R refers to the 
rural population. The MEDEA index has been used to detect possible social inequities by sex in the use of LLT14.

Statistical analysis.  Categorical variables were expressed as percentages and continuous variables as 
means and standard deviations (SDs). Comparisons between groups were measured using generalized linear 
models: Gaussian, binomial, and multinomial distributions were used for numeric, binary and other categori-
cal variables, respectively. The final significance was obtained using the Rubin’s rules for multiple imputations. 
Statistical analyses were performed using R-software15.

Results
A flowchart summarizing the selection of participants in the study is shown in Fig. 1. At least one LDL-c measure-
ment was recorded between 2006 and 2014 for 2.764.917 individuals. Of these, 1.343.973 women and 1.210.671 
men met all the inclusion criteria. A total of 14.699 patients (7.952 women and 6.747 men) fulfilled the criteria 
for the FH-P definition. LDL-c values in participants treated and untreated with LLT are shown in Fig. 2.
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Primary prevention.  Among patients with FH-P, 7,033 women and 5.088 men had no CVD, their charac-
teristics are shown in Table 1. Women were older than men (63 years (15.4) vs 58ears (16), P < 0.001). Baseline 
LDL-c levels of untreated participants were 7.31 (0.98) mg/dL and 7.34 (0.95) mg/dL in men and women, respec-
tively (P = 0.22). Women showed higher high-density lipoprotein cholesterol (HDL-C) levels than men (1.55 
(0.36) mmol/L vs 1.31(0.31) mmol/L, respectively, P = 0.001), lower triglyceride (TG) levels (1.60 (0.71) mmol/L 
vs 1.72 (0.14) mg/dL, P = 0.001) and lower TG/HDL-c, 1.03 (1.97) vs 1.31(2), P = 0.001).

Among patients with FH-P, 14% of women and 19% of men were not receiving LLT (P = 0.001), 69% of women 
and 64% of men were on low-to-moderate LLT (P = 0.001), and low use of statins plus ezetimibe was observed 
in both sexes: 3.2% and 3.6% in women and men, respectively (P = 0.2). The most used statin was simvastatin 
20 mg (35.6% and 33% in women and men, respectively). LDL-C levels in persons receiving LLT were 4.65 (1.61) 
mmol/L and 4.60 (1.49) mmol/L in women and men, respectively (P = 0.10). Approximately 84% of women and 
75% of men with FH-P and no CVD had LDL-C values above 2.5 mmol/L (P = 0.001) (Table 2).

Secondary prevention.  Cardiovascular disease was present in 24.6% of men and 11.5% of women with 
FH-P. Women were older than men (73 vs 67 years old, respectively; (P = 0.001). The age of presentation of the 
first CVD event was older in women than in men (66.2 years old vs 58.6 years old, respectively (p < 0.00001). The 
basal LDL-c levels in persons without LLT were 7.44 (0.93) mmol/L and 7.44 (0.90) mmol/L in women and men, 

Figure 1.   Flow chart summarizing the participant selection in the study. LDL-c low-density lipoprotein 
cholesterol.
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Figure 2.   Low-density lipoprotein cholesterol levels by age and sex in treated and untreated participants with 
Familial Hypercholesterolemia  Phenotype (N = 14.699). LDL-C low-density lipoprotein cholesterol (momol/L).

Table 1.   Baseline characteristics of population with familial hypercholesterolemia phenotype by sex and the 
absence–resence of cardiovascular disease. BMI body mass index, LDL-C low-density lipoprotein cholesterol, 
LLT Lipid lowering therapy, HDL-C high-density lipoprotein cholesterol, TG triglycerides, HBA1c glycosylated 
hemoglobin, SBP systolic blood pressure, DBP diastolic blood pressure, SD standard deviation, MEDEA 
socioeconomic deprivation index.

FH-P without cardiovascular disease FH-P with cardiovascular disease

Male Female P-value Male Female P-value

N (%) 5.088 (42) 7.033 (58) 1.659 (64) 919 (36)

Age, mean (SD) 58 (16) 63 (15) 0.001 67 (11) 73 (11) 0.001

Diabetes mellitus (%) 866 (17) 1.135 (16) 0.37 580 (35) 319 (35) 0.90

Hypertension (%) 2.070 (41) 3.394 (48) 0.001 1.182 (71) 741 (81) 0.001

Current smoker (%) 1.551 (30.5) 1.160 (16.5) 0.001 423 (25) 86 (9) 0.001

BMI, mean (SD) 28 (4) 28 (5) 0.63 29 (4) 30 (5) 0.01

Untreated LDL-C, mmol/l mean (SD) 7.31 (0.98) 7.34 (0.95) 0.22 7.44 (0.90) 7.44 (0.93) 0.96

LDL-C, mmol/L mean (SD) (on LLT) 4.62 (1.5) 4.65 (1.60) 0.14 3.41(1.24) 3.77 (1.29) 0.001

HDL-C, mmol/L mean (SD) 1.31 (0.31) 1.55 (0.36) 0.001 1.24 (0.28) 1.44 (0.33) 0.001

TG, mmol/L mean (SD) 1.72 (0.14) 1.6 (0.71) 0.001 1.65 (0.4) 1.69 (0.73) 0.21

TG/HDL-C (SD) 1.31 (2) 1.03 (1.97) 0.001 1.33(1.42) 1.17 (2.21) 0.002

Basal glucosa mmol/L (SD) 5.8 (1.8) 5.7 (1.8) 0.003 6.4 (2.4) 6.2 (2.3) 0.13

HBA1c, % (SD) 6 (1) 6.1 0.37 6 (1) 6 (1) 0.89

Creatinine mmol/L mean (SD) 0.09 (0.04) 0.05 (0.03) 0.001 0.09 (0.04) 0.08 (0.04) 0.001

SBP mmHg, mean (SD) 131 (14) 129 (16) 0.001 132 (15) 133 (17) 0.03

DBP mmHg, mean (SD) 78 (10) 75 (10) 0.001 74 (10) 74 (10) 0,16

MEDEA (Q1), N (%) 290 (9) 466 (11) 0.05 83 (10) 56 (11) 0.66

MEDEA (Q2), N (%) 485 (15) 708 (16) 0.35 129 (15) 84(16) 0.69

MEDEA (Q3), N (%) 610 (19) 862 (20) 0.61 170 (20) 96 (18) 0.60

MEDEA (Q4), N (%) 592(19) 816 (19) 0.97 150 (18) 92 (18) 0.98

MEDEA (Q5), N (%) 542 (17) 714 (16) 0.46 164 (19) 101 (19) 0.96

Rural population, N (%) 664 (21) 812(18) 0.02 153 (18) 92(18) 0.90
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respectively (P = 0.96). In secondary prevention, women showed higher HDL-c levels compared to men (1.44 
(0.33) mmol/L vs 1.24 (0.28) mmol/dL, respectively, P = 0.001) (Tables 1 and 2).

Only 44% of women compared to 58% of men were on LLT of high or very high potency (P = 0.001) (Table 2). 
Statin plus ezetimibe was used in 9% and 12% of women and men, respectively (P = 0.07). The most used statin 
was atorvastatin 40 mg (28% and 34% in women and men, respectively) (P = 0.001). LDL-C levels in persons 
receiving LLT were 3.77 (1.29) mmol/L and 3.41 (1.23) mmol/L in women and men, respectively (P ≤ 0.001). The 
percentages of patients with FH-P and CVD who reached LDL-C levels < 1.81 mmol/l were 1% vs 2of females 
and males, respectively (P = 0.001) (Fig. 3).

LLT potency and adherence (MPR).  The population with FH-P presented no differences by sex regard-
ing the potency of the received LLT until the age of 35; among 35 to 85 year-olds, women received LLT of lower 
potency.

Adherence to LLT by MPR was also lower in ≥ 55-year-old women (Table 3).
In the multivariate analysis of participants in both primary and secondary prevention, women had lower odds 

of receiving LLT with a LDL-c lowering potency of at least 50% (Table 4). In secondary prevention, female sex 
was also associated with a lower intensity of the received LLT.

Deprivation rate.  No sex differences in the intensity of LLT were observed by the MEDEA deprivation 
index. The highest LDL-C levels were observed in women in the lowest category (U1). The percentage of women 
treated with LLT of high intensity was lower than that of men regardless of the MEDEA index (Fig. 4).

Multivariate analysis.  Multivariate analysis by sex in primary and secondary prevention confirmed the 
lower intensity of LLT in women in secondary prevention and the lower proportion of women that achieved lipid 
goals in primary and secondary prevention (Table 4).

Discussion
The analysis of real-world data of persons with FH-P showed important sex differences regarding its management 
and treatment that should be taken into consideration. Despite the evidence on the beneficial use and safety of 
statin treatment in both sexes, a lower proportion of women received high-intensity LLT compared to men in 
this FH-P population, especially in secondary prevention. The percentages of patients who reached their goals 
on LDL-C levels were small, especially in women: 95% and 99% of women in primary and secondary prevention, 
respectively, did not attain it. Women also presented lower adherence to LLT.

We observed a different distribution of CVRF by sex in patients with FH-P. Women were older, had a higher 
prevalence of hypertension and a lower prevalence of smoking habit in both primary and secondary prevention. 
Women had higher BMI values than men only in secondary prevention. The prevalence of DM was very similar 
in both sexes in primary and secondary prevention. In the general population the sex differences regarding CVRF 
prevalence are notable16. But surprisingly, there is little information regarding the distribution of CVRF by sex 
in the population with FH-P, which also showed variation by sex17. Cardiovascular risk factors have a different 
impact on CVD risk in women and men with FH18, and thus clinical data by sex is needed in the population 
with FH-P.

Table 2.   Characteristics of lipid-lowering therapy in Familial Hypercholesterolemia Phenotype population. 
FH-P familial hypercholesterolemia phenotype, LLT Lipid lowering therapy, MPR medication possession ratio, 
LDL-C low-density lipoprotein cholesterol. a Three most used statins.

FH-P without cardiovascular disease FH-P with cardiovascular disease

Male
N = 5.088

Female
N = 7.033 P-value

Male
N = 1659

Female
N = 919 P-value

Absence of treatment, N, % 969 (19) 977 (14) 0.001 49 (3) 21 (2) 0.35

Low LLT, N, % 442 (9) 781 (11)

0.001

57 (3) 56 (6)

0.001
Moderate LLT; N, % 2.785 (55) 4.099 (58) 628 (38) 438 (48)

High LLT, N, % 833 (16) 1087 (15) 833 (52) 369 (40)

Very High LLT, N% 59 (1) 89 (1) 92 (6) 36 (4)

Statins and ezetimibe; N, % 184 (4) 222 (3) 0.19 196 (12) 86 (9) 0.07

Statin pattern dosea, N, %

Simvastatin 20 1.353 (33) Simvastatin 20 2.140(36)

0.003

Atorvastatin 40. 555 (34) Atorvastatin 40. 252 (28)

0.001Simvastatin 40. 784 (19) Simvastatin 40 1.114 (18) Simvastatin 20 189 (12) Simvastatin 20 168 (19)

Atorvastatin 40. 607 (15) Atorvastatin 40 825 (14) Atorvastatin 80 237 (15) Atorvastatin 80 99 (11)

Adherence (MPR) 0.6 (0.4) 0.6 (0.3) 0.001 0.8 (0.3) 0.7 (0.3) 0.003

Patients with LDL-C > 3.36 mmol/L, N, % 3.612 (71) 5.275 (75) 0.001 647 (39) 478 (52) 0.001

Patients with LDL-C > 2.5 mmol/L; N; % 4.731 (93) 6.681 (95) 0.001 1.228 (74) 772 (84) 0.001

Patients with LDL-C > 1.81 mmol/L mg/dL; 
N; % 5.037 (99) 6.963 (99) 0.1 1.626 (98) 910 (99) 0.001
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Evidence indicates that statins are equally effective in both men and women in the prevention of CVD in 
high-risk populations. The Cholesterol Treatment Trialists’ Collaboration study observed that LLT in women and 
men at similar baseline CVD risk had comparable relative reductions in risk19. In the population with FH, LLT 
is recommended to reduce the risk of CVD, without differences according to sex6. In our study, this treatment 
and its control were suboptimal in both, men and women. Women received more LLT in primary prevention 
but, oddly, were treated less intensively than men. Even more, this lower intensity LLT was especially evident in 
women in secondary prevention. The European Atherosclerosis Society Familial Hypercholesterolaemia Studies 
Collaboration (FHSC) global registry, which includes 61.612 individuals, showed greater use of more potent 
lipid-lowering medication in men than in women20.

A recent prespecified analysis of IMPROVE-IT demonstrated a greater relative risk reduction in CVD inci-
dence with the use of ezetimibe/simvastatin than with placebo/simvastatin in women21. In the present study, we 
observed scarce use of combination therapy in both sexes, especially in women.

In our population, LDL-C levels in persons without LLT were similar in both sexes. Among treated partici-
pants, however, LDL-C levels were significantly higher in women due to lower use of high-intensity LLT, espe-
cially in secondary prevention (52% of women vs. 39% of men had LDL-C values > 3.36 mmol/L). In line with 
this, the CASCADE-FH study reported that women with FH were 40% less likely to receive statin treatment, 
32% less likely to achieve the recommended target LDL-c level, and 21% less likely to achieve a 50% decrease in 
LDL-C levels compared to men with FH22.

Recent data have shown similar cardiovascular benefits in both sexes using plasma proprotein convertase sub-
tilisin/kexin type 9 inhibitors (iPCSK9)23, although the LIPID-REAL Registry24 has shown lower LDL-c reduction 
in women in the 2 highest quartiles. Nevertheless, the study on the use of iPCSK9 in Catalonia (Spain) from the 
Catalan Department of Health observed that women only received 41% of a total of 1.917 provided treatments25.

Previous analysis reported higher levels of LDL-C in younger women of lower social classes26. Our study 
showed the highest levels of LDL-C in women with the lowest socioeconomic deprivation rate, but the lower 
intensity of the LLT in women was independent of their socioeconomic status.

We detected a lower adherence to LLT in women older than 55 years of age compared to men of the same age 
group. In a recent meta-analysis of 3.022 potential publications, women presented a 10% increase in the odds of 

Figure 3.   Characteristics of lipid lowering treatment potency, adherence, and LDL-C goal achievement in 
familial hypercholesterolemia phenotype population in secondary prevention. LLT Lipid Lowering therapy, LLT 
potency ≥ 50 Lipid lowering therapy with low-density lipoprotein cholesterol reduction capacity ≥ 50%, MPR 
medication possession ratio, LDL-C low-density lipoprotein cholesterol.
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non-adherence to statin treatment compared to men27. Another analysis of more than 400.000 statin users showed 
an association of the following factors with non-adherence: female sex, primary prevention, and treatments with 
simvastatin, lovastatin, pravastatin, and fluvastatin28. The reasons for these lower rates of adherence to statins in 
women may include) pregnancy planning that prevent them from initiating or stopped LLT. We also observed a 
lower adherence in women in peri- and post-menopausal age ranges, both in primary and secondary prevention. 
Women and clinicians may no have the same point of view when prioritizing prevention of cardiovascular disease 
because of a misconceived lower risk in women. Alternatively, women frequently serve as caregivers for family 
members and caregivers often have lower rates of medication adherence29. Recent studies have indicated that 
women may have a higher incidence of adverse effects due to treatments with statins, especially myalgia and onset 
of diabetes, which may also result in lower adherence30. Women have a higher activity of cytochrome P450 3A4, 
so they would have a greater capacity to metabolize lipophilic statins than men and also a higher susceptibility 
to present interactions31. Women with CVD have more comorbidities, a higher prevalence of polypharmacy and 
a higher risk of pharmacological interactions than men32. However, in a recent meta-analysis that assessed the 
efficacy and safety of statins, women represented only 27% of the included population19. In our study, the most 
prescribed statin-type in both sexes were simvastatin and atorvastatin in primary and secondary prevention, 
respectively, both of these statins are lipophilic. Currently, there are no recommendations for the prescription 
of LLT specific by sex6.

Women between 25 and 50 years of age are less likely to be diagnosed with FH, to have an assessment of the 
high Dutch Lipid Clinic Network Score, and to receive a recommendation for a genetic study because diagnostic 

Table 3.   Lipid-lowering therapy and adherence (medication possession ratio) by sex and age. LLT Lipid 
lowering therapy, MPR medication possession ratio, LDL-C low-density lipoprotein cholesterol.

Age (years) LLT Women, % Men, % P-value

8–14

Low-moderate potency 11.8 (14.7%) 10.4 (13.1%)

0.940High-very high potency 1.7 (2.1%) 1.0 (1.3%)

Without LLT 67.0 (83.2%) 68.0 (85.6%)

MPR 38.8% (35.4%) 50.9% (32.2%) 0.444

15–24

Low-moderate potency 26.5 (23.0%) 17.4 (19.0%)

0.558High-very high potency 5.7 (4.9%) 8.3 (9.1%)

Without LLT 83.0 (72.0%) 66.0 (72.0%)

MPR 49.5% (28.8%) 47.1% (28.4%) 0.681

25–34

Low-moderate potency 60.1 (29.9%) 76.5 (30.7%)

0.848High-very high potency 24.2 (12.0%) 34.8 (14.0%)

Without LLT 117.0 (58.1%) 138.0 (55.4%)

MPR 54.5% (26.9%) 49.9% (27.4%) 0.302

35–44

Low-moderate potency 148.4 (37.9%) 381.5 (46.0%)

0.005High-very high potency 53.9 (13.8%) 132.1 (15.9%)

Without LLT 189.0 (48.3%) 315.0 (38.0%)

MPR 57.6% (27.7%) 55.4% (27.8%) 0.420

45–54

Low-moderate potency 498.8 (61.2%) 688.3 (57.0%)

0.058High-very high potency 165.6 (20.3%) 307.3 (25.5%)

Without LLT 151.0 (18.5%) 211.0 (17.5%)

MPR 61.1% (28.1%) 64.9% (27.6%) 0.068

55–64

Low-moderate potency 1417.0 (68.9%) 1091.6 (63.8%)

0.000High-very high potency 426.8 (20.8%) 495.0 (28.9%)

Without LLT 213.0 (10.4%) 124.0 (7.2%)

MPR 66.5% (27.5%) 71.7% (26.8%) 0.000

65–74

Low-moderate potency 1705.3 (74.5%) 1022.7 (63.3%)

0.000High-very high potency 488.2 (21.3%) 544.7 (33.7%)

Without LLT 96.0 (4.2%) 49.0 (3.0%)

MPR 73.0% (26.2%) 78.4% (24.1%) 0.000

75–84

Low-moderate potency 1121.6 (75.0%) 520.1 (65.6%)

0.002High-very high potency 328.0 (21.9%) 250.6 (31.6%)

Without LLT 45.0 (3.0%) 22.0 (2.8%)

MPR 76.0% (24.7%) 80.0% (23.1%) 0.033

85 + 

Low-moderate potency 384.3 (77.8%) 103.8 (69.4%)

0.139High-very high potency 86.5 (17.5%) 42.7 (28.6%)

Without LLT 23.0 (4.7%) 3.0 (2.0%)

MPR 73.5% (26.5%) 77.5% (24.9%) 0.362
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Table 4.   Multivariate analysis in primary and secondary prevention. Primary prevention adjusted by age, high 
blood pressure, smoking and body mass index. Secondary prevention adjusted by age, high blood pressure, 
smoking. LDL-c low-density lipoprotein cholesterol, LLT Lipid lowering therapy.

Level OR (IC 2.5–97.5%) P value

Primary prevention

 High intensity LLT 1.008 (0.98–1.03) 0.50

 LDL-C reduction by at least 50% 1.082 (1.05–1.11) 0.00001

 LDL-C < 3.36 mmol/L 1.07 (1.04–1.1) 0.00001

 LDL-C < 2.58 mmol/L 1.029 (1.01–10.4) 0.0003

 LDL-C < 1.81 mmol/L 1.003 (1–1.006) 0.05

Secondary prevention

 High intensity LLT 1.09 (1.04–1.15) 0.0005

 LDL-C reduction by at least 50% 1.17 (1.11–1.23) 0.00001

 LDL-C < 3,36 mmol/L 1.17 (1.11–1.23) 0.00001

 LDL-C < 2.58 mmol/L 1.10 (1.05–1.16) 0.0002

 LDL-C < 1.81 mmol/L 1.007 (0.99–1.02) 0.36

Figure 4.   Intensity of lipid-lowering treatment by sex and MEDEA (socioeconomic deprivation 
index). Intensity of lipid-lowering treatment: low, moderate, high, very high. MEDEA 
(socioeconomic deprivation index). Higher index values (U) corresponded to greater deprivation and R refers to 
the rural population.
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criteria regarding lipid values are currently used without consideration of the physiological differences between 
sexes33. In a previous study based on real-world data, we observed a lower prevalence of FH-P in women from 
25 to 55 years old, despite a higher number of women with LDL-C determinations, more frequent use of the 
health services by women and higher mortality associated to FH in older men34.

It appears that FH eliminates the “female advantage” against CHD that healthy women enjoy during their 
premenopausal years. A lower prevalence of FH diagnosis, whether clinical or genetic, may lead to a lower risk 
perception in physicians and patients, especially in young women, with possible impact on the intensity of treat-
ment and adherence to it. In population with FH o FH-P, risk functions stratified by sex and age are necessary. 
If we want to improve early detection, treatment, and adherence in women and men with FH-P, it is important 
to emphasize the priority of describing LDL-c cut-off points by age, sex, country, and ethnicity.

Even though women with FH-P received less intensive LLT, they had lower adherence to it, and reached 
their goal LDL-c values less frequently, their CVD prevalence was lower and the increase in the incidence of 
CVD occurred at older age than men. This suggests that other cardio-protective factors, like hormone factors, 
higher HDL-C levels, lower prevalence of other CVRF, like tobacco or higher levels of triglycerides/high-density 
lipoprotein cholesterol in men might play a role. It is important to determine whether the same LDL-C value 
has the same impact on cardiovascular risk in women and men in different populations35. Recent findings have 
evidenced a sex-specific differential causal effect of genetically increased LDL-C on the risk of CVD. These 
observations implicate that women are less susceptible to LDL-C-associated CVD compared to men and male 
patients might benefit more from LDL-C targeted therapies than female patients36. Sex‐differential effects should 
be taken into account in the design of clinical trials. If we want to move towards personalized medicine, we must 
begin by considering differences by sex.

Strengths and limitations of the study.  SIDIAP includes medical data from 85% of the Catalan popula-
tion; it has a substantial potential to provide a global vision on the FH-P epidemiology. Our study population 
included all individuals who had an LDL-C test during 10 years, which was 53.8% of the general population 
older than 7 years and 68.2% of persons older than 45 years; thus, we must acknowledge some selection bias, 
especially at younger ages.

The main limitation of our study was the FH diagnostic method, based on the FH phenotype, which could 
contribute to overestimate the diagnosis, especially due to inclusion of persons with polygenic familial hyper-
cholesterolemia. The cut-off points used for LDL-C have a sensitivity of 91%, a specificity of 71% and a positive 
predictive value of 74% for genetically defined HF13. However, a concept of Familial Hypercholesterolemic syn-
drome (which includes heterozygous familial hypercholesterolemia, homozygous familial hypercholesterolemia, 
polygenic familial hypercholesterolemia, and familial hypercholesterolemia combined with hypertriglyceridemia) 
has been recently defined on the basis that all these types of hypercholesterolemia present a clinically relevant 
excess of CVD37. From 2014 to date, the percentage of people receiving LLT has improved, although recent data 
indicate that there is scope for improvement22. Finally, another limitation is the lack of availability of informa-
tion in SIDIAP regarding family history, Lp (a) levels and use of iPCSK9 or other cardiovascular medications 
in addition to LLT.

In conclusion, unexplained sex differences were detected in the use of high-intensity LLT, which was decreased 
in women with FH-P. This may lead to worsened lipid control and lower achievement of LDL-c goals in women 
compared to men, especially in secondary prevention. There were differences by sex regarding adherence to 
treatment, which require further research.

Data availability
The datasets analysed in this study are not publicly available due to legal reasons related to data privacy protec-
tion but are available from the corresponding author on reasonable request.

Received: 17 August 2022; Accepted: 10 January 2023

References
	 1.	 Wilmot, K. A., O’Flaherty, M., Capewell, S., Ford, E. S. & Vaccarino, V. Coronary heart disease mortality declines in the United 

States from 1979 through 2011: Evidence for stagnation in young adults, especially women. Circulation 132, 997–1002. https://​
doi.​org/​10.​1161/​circu​latio​naha.​115.​015293 (2015).

	 2.	 Balder, J. W. et al. Adherence to guidelines to prevent cardiovascular diseases: The lifelines cohort study. Neth. J. Med. 73, 316–323 
(2015).

	 3.	 Akioyamen, L. E. et al. Estimating the prevalence of heterozygous familial hypercholesterolaemia: A systematic review and meta-
analysis. BMJ Open 7, e016461. https://​doi.​org/​10.​1136/​bmjop​en-​2017-​016461 (2017).

	 4.	 de Backer, G. et al. Prevalence and management of familial hypercholesterolaemia in coronary patients: An analysis of 
EUROASPIRE IV, a study of the European society of cardiology. Atherosclerosis 241, 169–175. https://​doi.​org/​10.​1016/j.​ather​
oscle​rosis.​2015.​04.​809 (2015).

	 5.	 Balder, J. W. et al. Lipid and lipoprotein reference values from 133,450 Dutch lifelines participants: Age- and gender-specific 
baseline lipid values and percentiles. J. Clin. Lipidol. 11, 1055-1064.e6. https://​doi.​org/​10.​1016/j.​jacl.​2017.​05.​007 (2017).

	 6.	 Nordestgaard, B. G. et al. Familial hypercholesterolaemia is underdiagnosed and undertreated in the general population: Guid-
ance for clinicians to prevent coronary heart disease: consensus statement of the European atherosclerosis society. Eur. Heart J. 
34, 3478–3490. https://​doi.​org/​10.​1093/​eurhe​artj/​eht273 (2013).

	 7.	 Bapu Bosco, V. et al. Big Data and the Well-Being of Women and Girls: Applications on the Social Scientific Frontier (Data2x, 2017).
	 8.	 García-Gil, M. et al. Construction and validation of a scoring system for the selection of high-quality data in a Spanish population 

primary care database (SIDIAP). Inform. Prim. Care. 19, 135–145. https://​doi.​org/​10.​14236/​jhi.​v19i3.​806 (2011).
	 9.	 Ramos, R. et al. Validity for use in research on vascular diseases of the SIDIAP (information system for the development of research 

in primary care): The EMMA study. Rev. Esp. Cardiol. 65, 29–37. https://​doi.​org/​10.​1016/j.​recesp.​2011.​07.​017 (2012).

https://doi.org/10.1161/circulationaha.115.015293
https://doi.org/10.1161/circulationaha.115.015293
https://doi.org/10.1136/bmjopen-2017-016461
https://doi.org/10.1016/j.atherosclerosis.2015.04.809
https://doi.org/10.1016/j.atherosclerosis.2015.04.809
https://doi.org/10.1016/j.jacl.2017.05.007
https://doi.org/10.1093/eurheartj/eht273
https://doi.org/10.14236/jhi.v19i3.806
https://doi.org/10.1016/j.recesp.2011.07.017


10

Vol:.(1234567890)

Scientific Reports |         (2023) 13:1492  | https://doi.org/10.1038/s41598-023-27963-z

www.nature.com/scientificreports/

	10.	 Jorgensen, N. W., Sibley, C. T. & McClelland, R. L. Using imputed pre-treatment cholesterol in a propensity score model to reduce 
confounding by indication: Results from the multi-ethnic study of atherosclerosis. BMC Med. Res. Methodol. 13, 81. https://​doi.​
org/​10.​1186/​1471-​2288-​13-​81 (2013).

	11.	 Morotti, K., Lopez, J., Vaupel, V., Swislocki, A. & Siegel, D. Adherence to and persistence with statin therapy in a veteran popula-
tion. Ann. Pharmacother. 53, 43–49. https://​doi.​org/​10.​1177/​10600​28018​792702 (2019).

	12.	 Stone, N. J. et al. ACC/AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: 
A report of the American college of cardiology/American heart association task force on practice guidelines. J. Am. Coll. Cardiol. 
63, 2889–2934. https://​doi.​org/​10.​1016/j.​jacc.​2013.​11.​002 (2014).

	13.	 Civeira, F. et al. Comparison of genetic versus clinical diagnosis in familial hypercholesterolemia. Am. J. Cardiol. 102, 1187–1193. 
https://​doi.​org/​10.​1016/j.​amjca​rd.​2008.​06.​056 (2008).

	14.	 Domínguez-Berjón, M. F. et al. Construcción de un índice de privación a partir de datos censales en grandes ciudades españolas 
(Proyecto MEDEA). Gac. Sanit. 22, 179–187. https://​doi.​org/​10.​1157/​13123​961 (2008).

	15.	 R Core Team. R: A Language and Environment for Statistical Computing. (R Foundation for Statistical Computing, 2018).
	16.	 Nikolaos, A. et al. Sex differentiation with regard to coronary artery disease. J. Cardiol. 62(1), 4–10 (2013).
	17.	 Ryzhaya, N. et al. Sex differences in the presentation, treatment, and outcome of patients with familial hypercholesterolemia. J. 

Am. Heart Assoc. 10(11), e019286. https://​doi.​org/​10.​1161/​JAHA.​120.​019286 (2021).
	18.	 Allard, M. D., Saeedi, R., Yousefi, M. & Frohlich, J. Risk stratification of patients with familial hypercholesterolemia in a multi-

ethnic cohort. Lipids Health Dis. 13, 65. https://​doi.​org/​10.​1186/​1476-​511X-​13-​65 (2014).
	19.	 Fulcher, J. et al. Efficacy and safety of LDL-lowering therapy among men and women: meta-analysis of individual data from 174,000 

participants in 27 randomised trials. Lancet 385, 1397–1405. https://​doi.​org/​10.​1016/​s0140-​6736(14)​61368-4 (2015).
	20.	 Collaboration (FHSC). Global perspective of familial hypercholesterolaemia: A cross-sectional study from the EAS familial hyper-

cholesterolaemia studies collaboration (FHSC). Lancet 398(10312), 1713–1725. https://​doi.​org/​10.​1016/​S0140-​6736(21)​01122-3 
(2021).

	21.	 Kato, E. et al. Efficacy and safety of adding ezetimibe to statin therapy among women and men: Insight from IMPROVE-IT 
(improved reduction of outcomes: Vytorin efficacy international trial). J. Am. Heart Assoc. 6, e006901. https://​doi.​org/​10.​1161/​
jaha.​117.​00690​18 (2017).

	22.	 Amrock, S. M. et al. Health disparities among adult patients with a phenotypic diagnosis of familial hypercholesterolemia in the 
CASCADE-FH patient registry. Atherosclerosis 267, 19–26. https://​doi.​org/​10.​1016/j.​ather​oscle​rosis.​2017.​10.​006 (2017).

	23.	 Vallejo-Vaz, A. J. et al. Lower on-treatment low-density lipoprotein cholesterol and major adverse cardiovascular events in women 
and men: Pooled analysis of 10 ODYSSEY phase 3 alirocumab trials. J Am Heart Assoc. 7, e009221. https://​doi.​org/​10.​1161/​jaha.​
118.​009221 (2018).

	24.	 Cordero, A. et al. Sex differences in low-density lipoprotein cholesterol reduction with PCSK9 inhibitors in real-world patients: 
The LIPID-REAL registry. J. Cardiovasc. Pharmacol. 79(4), 523–529. https://​doi.​org/​10.​1097/​FJC.​00000​00000​001205 (2022).

	25.	 Tractament de la hipercolesterolèmiaprimària o dislipèmia mixta ambfàrmacshipolipemiantsinhibidors de PCSK9. https://​scien​
tiasa​lut.​gencat.​cat/​handle/​11351/​6312.3 (visitedon 06-25-2022).

	26.	 De Ferranti, S. D. et al. Prevalence of familial hypercholesterolemia in the 1999 to 2012 United States national health and nutrition 
examination surveys (NHANES). Circulation 133, 1067–1072. https://​doi.​org/​10.​1161/​circu​latio​naha.​115.​01879 (2016).

	27.	 Lewey, J. et al. Gender and racial disparities in adherence to statin therapy: A meta-analysis. Am. Heart J. 165, 665–678. https://​
doi.​org/​10.​1016/j.​ahj.​2013.​02.​011 (2013).

	28.	 Ferrajolo, C. et al. Pattern of statin use in southern Italian primary care: Can prescription databases be used for monitoring long-
term adherence to the treatment?. PLoS ONE 9, e102146 (2014).

	29.	 Lewey, J. et al. Gender and racial disparities in adherence to statin therapy: A meta-analysis. Am. Heart J. 165(5), 665–678 (2013).
	30.	 Rosano, G. M. et al. Gender differences in the effect of cardiovascular drugs: A position document of the working group on phar-

macology and drug therapy of the ESC. Eur. Heart J. 36, 2677–2680. https://​doi.​org/​10.​1093/​eurhe​artj/​ehv161 (2015).
	31.	 Soldin, O. P. & Mattison, D. R. Sex differences in pharmacokinetics an pharmacodynamics. Clin. Pharmacokinet. 48, 143–157. 

https://​doi.​org/​10.​2165/​00003​088-​20094​8030-​00001 (2009).
	32.	 Plakogiannis, R. & Arif, S. A. Women versus men: Is there equal benefit and safety from statins?. Curr. Atheroscler. Rep. 18, 6. 

https://​doi.​org/​10.​1007/​s11883-​016-​0562-9 (2016).
	33.	 Schmidt, N. et al. Familial hypercholesterolemia in primary care in Germany. Diabetes and cardiovascular risk evaluation: Targets 

and essential data for commitment of treatment (DETECT) study. Atherosclerosis 266, 24–30. https://​doi.​org/​10.​1016/j.​ather​oscle​
rosis.​2017.​08.​019 (2017).

	34.	 Zamora, A. et al. Familial hypercholesterolemia in a European Mediterranean population-prevalence and clinical data from 2.5 
million primary care patients. J. Clin. Lipidol. 11, 1013–1022. https://​doi.​org/​10.​1016/j.​jacl.​2017.​05.​012 (2017).

	35.	 Noda, H. et al. Gender difference of association between LDL cholesterol concentrations and mortality from coronary heart disease 
amongst Japanese: The Ibaraki Prefectural Health Study. J. Intern. Med. 267(6), 576–587. https://​doi.​org/​10.​1111/j.​1365-​2796.​2009.​
02183.x (2010).

	36.	 Cupido, A. J., Asselbergs, F. W., Schmidt, A. F. & Hovingh, G. K. Low-density lipoprotein cholesterol attributable cardiovascular 
disease risk is sex specific. J. Am. Heart Assoc. 21, 11–12. https://​doi.​org/​10.​1161/​JAHA.​121.​024248 (2022).

	37.	 Masana, L. et al. Toward a new clinical classification of patients with familial hypercholesterolemia: One perspective from Spain. 
Atherosclerosis 287, 89–92. https://​doi.​org/​10.​1016/j.​ather​oscle​rosis.​2019.​06.​905 (2019).

Author contributions
A.Z. conceived of the presented idea, supervised the project, received input from all authors contributed to 
the interpretation of the results and wrote the manuscript with input from all authors. L.M. conceived of the 
presented idea, supervised the Project, received input from all authors contributed to the interpretation of the 
results, developed the theory and performed the computations and wrote the manuscript with input from all 
authors. R.R. conceived of thepresented idea, supervised the Project, received input from all authors contributed 
to the interpretation of the results and and wrote the manuscript with input from all authors. M.C. developed 
thetheory and performed the computation and verified the analytical methods. M.G. contributed to the design 
and implementation of the research and the analysis of the results and collaborated with the writing of the 
manuscript. RM contributed to the design and implementation of the research and the analysis of the results 
and collaborated with the writing of the manuscript. N.P. contributed to the design and implementation of the 
research and the analysis of the results and collaborated with the writing of the manuscript. L.A. contributed to 
the design and implementation of the research and the analysis of the results and collaborated with the writing of 
the manuscript. A.P. contributed to the design and implementation of the research and the analysis of the results 
and collaborated with the writing of the manuscript. C.R. contributed to the design and implementation of the 
research and the analysis of the results and collaborated with the writing of the manuscript. D.I. contributed to 

https://doi.org/10.1186/1471-2288-13-81
https://doi.org/10.1186/1471-2288-13-81
https://doi.org/10.1177/1060028018792702
https://doi.org/10.1016/j.jacc.2013.11.002
https://doi.org/10.1016/j.amjcard.2008.06.056
https://doi.org/10.1157/13123961
https://doi.org/10.1161/JAHA.120.019286
https://doi.org/10.1186/1476-511X-13-65
https://doi.org/10.1016/s0140-6736(14)61368-4
https://doi.org/10.1016/S0140-6736(21)01122-3
https://doi.org/10.1161/jaha.117.0069018
https://doi.org/10.1161/jaha.117.0069018
https://doi.org/10.1016/j.atherosclerosis.2017.10.006
https://doi.org/10.1161/jaha.118.009221
https://doi.org/10.1161/jaha.118.009221
https://doi.org/10.1097/FJC.0000000000001205
https://scientiasalut.gencat.cat/handle/11351/6312.3
https://scientiasalut.gencat.cat/handle/11351/6312.3
https://doi.org/10.1161/circulationaha.115.01879
https://doi.org/10.1016/j.ahj.2013.02.011
https://doi.org/10.1016/j.ahj.2013.02.011
https://doi.org/10.1093/eurheartj/ehv161
https://doi.org/10.2165/00003088-200948030-00001
https://doi.org/10.1007/s11883-016-0562-9
https://doi.org/10.1016/j.atherosclerosis.2017.08.019
https://doi.org/10.1016/j.atherosclerosis.2017.08.019
https://doi.org/10.1016/j.jacl.2017.05.012
https://doi.org/10.1111/j.1365-2796.2009.02183.x
https://doi.org/10.1111/j.1365-2796.2009.02183.x
https://doi.org/10.1161/JAHA.121.024248
https://doi.org/10.1016/j.atherosclerosis.2019.06.905


11

Vol.:(0123456789)

Scientific Reports |         (2023) 13:1492  | https://doi.org/10.1038/s41598-023-27963-z

www.nature.com/scientificreports/

the design and implementation of the research and the analysis of the results and collaborated with the writing of 
the manuscript. I.D. contributed to the design and implementation of the research and the analysis of the results 
and collaborated with the writing of the manuscript. J.M. contributed to the design and implementation of the 
research and the analysis of the results and collaborated with the writing of the manuscript. R.E. contributed to 
the design and implementation of the research and the analysis of the results and collaborated with the writing 
of the manuscript. A.M. contributed to the design and implementation of the research and the analysis of the 
results and collaborated with the writing of the manuscript.

Funding
This project was supported by the Spain’s Ministry of Science and Innovation through the Carlos III Health Insti-
tute co-financed with European Union ERDF funds (Network for Prevention and Health Promotion in primary 
Care (RedIAPP RD16/0007/0004); the Red de Investigación Cardiovascular (RD12/0042/0061, RD12/0042/0013) 
and CIBERCV; and by the Agency for Management of University and Research Grants of the Generalitat de 
Catalunya [2017 SGR 1146] and [2017 SGR 222] and through the Agència de Qualitati Avaluació Sanitàries de 
Catalunya, Pla estratègic de recerca I innovacióen Salut (PERIS) [SLT002/16/00145, SLT006/17/00029]. The spon-
sors had no role in the design and conduct of the study; the collection, management, analysis, or interpretation 
of the data; or the preparation, review, or approval of the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to R.R.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Women with familial hypercholesterolemia phenotype are undertreated and poorly controlled compared to men
	Methods
	Statistical analysis. 

	Results
	Primary prevention. 
	Secondary prevention. 
	LLT potency and adherence (MPR). 
	Deprivation rate. 
	Multivariate analysis. 

	Discussion
	Strengths and limitations of the study. 

	References


