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ABSTRACT

Objectives Uncertainty about the benefit of (high-
intensity) statins for women remains due to under-
representation of women in primary prevention trials and
scarcity of sex-stratified data. This study evaluates the
sex-specific relation between statin treatment and survival
and the additional benefit of high-intensity statins.
Methods Electronic health record data from 47801
patients (17 008 statin users and 30 793 non-users)
without prior cardiovascular disease were extracted from
thirteen Dutch outpatient cardiology clinics. Patients
prescribed statins at baseline were propensity-score
matched to those eligible for statin therapy (low-density
lipoprotein >2.5 mmol/L) without a statin prescription.
Statins were divided into low-intensity and high-intensity
according to Dutch guidelines. Mortality data were
obtained via linkage to the national mortality registry. Cox
regression was used to evaluate the relationship between
statin prescription and intensity and all-cause and
cardiovascular mortality.

Results Propensity score matching created a cohort

of 8631 statin users and 8631 non-users. 35% of
women and 28% of men received a low-intensity statin.
The beneficial effect of statins on both all-cause and
cardiovascular mortality was stronger in women (HR
0.66, 95% Cl 0.58 to 0.74 and HR 0.55, 95% Cl 0.39 to
0.71, respectively) than in men (HR 0.89, 95% CI 0.81

t0 0.95 and HR 0.93, 95% CI 0.77 to 1.08, respectively).
High-intensity statins conferred modest protection against
all-cause mortality (HR 0.94, 95% Cl 0.88 to 1.00) and
cardiovascular mortality (HR 0.86, 95% Cl 0.74 to 0.98) in
both sexes.

Conclusions The protective effect of primary prevention
statins was stronger in women than men for both all-
cause and cardiovascular mortality. High-intensity statins
conferred a modest additional benefit in both sexes.
Statins seem to be effective regardless of treatment
intensity, especially in women.

INTRODUCTION

Statins have been shown to effectively lower
the risk of cardiovascular events by reducing
low-density lipoprotein (LDL) levels, with

Key questions
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What is already known about this subject?

» Women more often receive low-intensity statin
therapy than men despite evidence that statin ther-
apy lowers cardiovascular disease risk in a dose-
dependent manner.

» It remains unclear whether statin treatment is
equally effective in women and men due to under-
representation of women in primary prevention tri-
als and scarcity of sex-stratified data.

» This study evaluates the sex-specific relation be-
tween statin treatment and survival, and explores
whether high-intensity statins confer additional
benefit.

What does this study add?

» Statins were effective in lowering cardiovascular
disease risk, especially in women, and high-intensity
regimens conferred only marginal additional benefit
in both sexes.

How might this impact on clinical practice?

» The current trend of preferentially prescribing wom-
en low-intensity statins does not seem to reduce
the potential benefit of treatment. Future studies
are needed to evaluate whether lower dosages are
appropriate if higher dosages lead to side effects or
otherwise negatively influence quality of life.

high-intensity regiments being more effec-
tive than low-intensity variants." This effect
is seen independently of baseline mortality
risk,” suggesting that all people at risk of
cardiovascular events benefit from treatment.
However, women are less likely to receive
guideline-recommended statin therapy than
men in both primary and secondary preven-
tion.”” It has been shown that women are
more likely to refuse or stop statin therapy”°
and that healthcare professionals are also less
likely to prescribe (high-intensity) statins for

women.”® This careful approach may stem
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from remaining uncertainty about the benefit of statin
therapy as primary prevention strategy for women due to
the low number of women in primary prevention trials.”

There is some evidence to suggest that women and men
may benefit equally from statin treatment.® * The Justi-
fication for the Use of Statins in Prevention: An Inter-
vention Trial Evaluating Rosuvastatin trial showed that
rosuvastatin reduced the risk of cardiovascular events
and cardiovascular mortality in both women and men."
In addition, data from a primary care cohort of new statin
users showed that improved adherence to statins reduced
the risk of hospitalisation for cardiovascular events in
both men and women to a similar extent.® While some
meta-analyses of primary prevention trials confirmed that
statin treatment benefits both sexes,2 19 others failed to
find such positive effects.'" '* Moreover, it remains unclear
whether the intensity of therapy influences outcomes.
Therefore, we used regular care data from cardiac outpa-
tient clinics to study whether receiving a statin prescrip-
tion for primary prevention affects long-term prognosis
in women and men without a history of cardiovascular
disease. We also explored whether high-intensity statins
confer additional protection over low-intensity regimens.

METHODS

Study population

The Cardiology Centers of the Netherlands regular care
database contains data from 109 151 unique patients that
were referred for a full cardiac workup by their general
practitioner on suspicion of cardiac disease between 2007
and 2018. During the first visit, information was collected
on anthropometric measurements, cardiovascular risk
factors, medical history, comorbidities and medication
use. All patients underwent transthoracic echography
and electrocardiography at rest. Stress electrocardiog-
raphy and laboratory measurements were performed
in approximately 75% of patients. Passive follow-up was
obtained for 95.9% of the study population via linkage to
the national mortality registry.

For the current study, all patients with a history of coro-
nary heart disease, heart failure, cerebrovascular disease
or congenital heart disease, or a prior or ongoing statin
prescription were excluded.

Selection of statin users and non-users

Medication prescriptions were identified using pattern
matching based on a combination of generic compound
names and brand names. The search term was based
on brand names of statins available in the Netherlands
tailored to those that were prescribed within the study
population. It contained the words statin, crestor, lipitor,
selektine, zocor and tahor. Medication dose was extracted
from the text fields and multiplied by daily frequency and
dosage to obtain the daily dose per prescription. The grepl
and gsub functions from the R grep package were used
for the name and dose pattern matching, respectively.
Statin prescription entries missing information on dose

or daily frequency, prescriptions with a negative duration
and one-off prescriptions were excluded. Combination
preparations with ezetimibe or fenofibrate were also
excluded because Dutch guidelines recommend these
when prior statin-only therapy was not effective enough,
so these prescriptions are unlikely to be a patient’s first
statin prescription.

Statin users were defined as patients who received their
first statin prescription within 31 days prior to or after
their baseline visit. The 31-day window was chosen to both
allow for small delays in data entry and include people
prescribed statins shortly before or after their visit at the
cardiac outpatient clinic, because labelling these people
as non-users would introduce misclassification. Non-
users were defined as patients eligible for statin therapy
according to the Dutch primary prevention guidelines
(LDL>2.5mmol/L) who did not receive a statin prescrip-
tion within the 31-day period.

Definition of statin intensity

The intensity of statin treatment was categorised as
lower, equal or higher based on how much it lowered
LDL cholesterol levels compared with the Dutch
primary prevention guideline-recommended dose of
40 mg simvastatin (online supplemental table 1).""° We
compared patients on lower intensity statin regimens
(low intensity) with patients on equal and higher inten-
sity regimens (high intensity).

Outcome

Passive follow-up for all-cause mortality was available for
95.9% of the study population via linkage to the national
mortality registry from Statistics Netherlands. This
registry continuously collects all official cause of death
reports submitted by medical doctors and coroners in
the Netherlands and is updated quarterly throughout the
year and at the end of each year. The cause of death is
coded according to the guidelines of the WHO using the
International Classification of Diseases and related Health
Problems edition 10 (ICD-10). For the current analyses,
all-cause mortality was available until 12 February 2020
and cause-specific mortality was available until 1 January
2020. Follow-up time for patients who were still alive
was censored on 12 February 2020. All-cause mortality
was defined as having a date of death recorded in the
mortality registry. Cardiovascular mortality was defined
as any mortality entry that was labelled with an ICD-10
code from the diseases of the circulatory system chapter
(100-199).

Propensity score matching

We created propensity-score matched cohorts for our
analyses to account for confounding by indication.
We first imputed missing data on components of the
propensity score using the mice'® package, resulting in
five imputed datasets. We subsequently calculated the
propensity score in each imputed dataset based on aset
of confounding variables (online supplemental table
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Figure 1

2) and matched one-on-one to create five new cohorts
where all confounders were balanced between the two
groups. We used the MatchIt'” package to calculate the
propensity score and perform the matching, applying
the nearest neighbours approach with a calliper width
of 0.1. We assessed whether covariates were properly
balanced based on the mean difference using the
cobalt package. We then ran our survival analyses in
each imputed matched dataset and pooled the results
using the meta package.

For the analyses exploring the relationship between
statin use and long-term prognosis, we propensity-
score matched statin users with statin non-users. For
the analyses exploring the relationship between statin
intensity and long-term prognosis, we propensity-
score matched low-intensity statin users with high-
intensity statin users.

Statistical analyses

Continuous variables were reported as mean (SD)
or median (IQR), depending on their distribution.
Categorical variables were reported as number and
percentage. The effect of statin prescription on
long-term prognosis and the effect of statin intensity
on long-term prognosis were evaluated using Cox

Flow chart describing the study population selection process. LDL, low-density lipoprotein.

regression in the whole propensity-matched cohort
and stratified by sex. We calculated robust confidence
intervals to account for the matched nature of the
dataset. The presence of sex differences in treatment
effect was tested using an interaction term.

Sensitivity analysis

We excluded participants with a history of cardiovas-
cular disease, which was defined as having a cardio-
vascular diagnosis before baseline. However, 2000
patients (12%) were diagnosed with cardiovascular
disease at baseline. To test the robustness of our find-
ings, we repeated the main analysis excluding these
2000 patients. A new propensity score matched cohort
was created with the same set of variables used in the
main analysis except those related to cardiovascular
disease diagnosis. We based our definition of high-
intensity statin on Dutch guidelines, which resulted
in a different classification than what is internation-
ally used. To check generalisability of our results, we
repeated the main analysis defining high-intensity
statins as those that reduce LDL cholesterol by 50%
or more (atorvastatin 40 mg or higher, rosuvastatin
20mg or higher and simvastatin 80 mg or higher).

Bots SH, et al. Open Heart 2022;9:¢001900. doi:10.1136/openhrt-2021-001900

"1ybuAdoo Aq paroslold 1sanb Aq €202 ‘Sz Arenuer uo jwoo [wg-uesyuadoy/:dny woly papeojumoq ‘zz0z Mdy 0z Uo 006T00-TZ0Z-Myuado/9eTT 0T Se paysignd isii :LeaH uado


https://dx.doi.org/10.1136/openhrt-2021-001900
http://openheart.bmj.com/

Open Heart 8
Table 1 Baseline characteristics of statin users and non- Table 1 Continued
users after propensity score matching Statin users Statin non-users
Statin users Statin non-users (n=8631) (n=8631)
(n=8631) (n=8631) ) -
Cardiovascular medication 5798 (67.2) 5807 (67.3)
General characteristics prescribed at baseline
Age (years) 61 (11) 61 (13) No of cardiovascular medications
Women (n, %) 4482 (52) 4499 (52) 0 2256 (26.1) 2240 (26.0)
Ethnicity (n, %) 1-3 5316 (61.6) 5457 (63.2)
Native Dutch 6753 (78.2) 6841 (79.3) 4-7 1048 (12.1) 924 (10.7)
First generation immigrant 1297 (15.0) 1200 (13.9) 8-10 11 (0.1) 10 (0.1)
Second generation 581 (6.7) 590 (6.8) Blood pressure lowering 5388 (62.4) 5352 (62.0)
immigrant medication
Annual personal income (€) €27 860 €28 261 Antiplatelet or anticoagulant 3086 (35.8) 3032 (35.1)
(€14 647—€48 390) (€14 956—€47 613) medication
Current smoker (n, %) 3543 (41.0) 3540 (41.0) Other lipid-lowering 187 (2.2) 191 (2.2)
10-year cardiovascular mortality risk (SCORE) medication
0%—4% 4757 (55.1) 4562 (52.9) Diabetes mellitus medication 728 (8.4) 572 (6.6)
5%—-9% 2380 (27.6) 2175 (25.2) Nitrates 859 (10.0) 803 (9.3)
>10% 1493 (1 73) 1887 (21 9) Antlarrhythmlc medication 108 (1 3) 121 (1 4)
Complaints (n, %) Digoxin 62 (0.7) 65 (0.8)
No of complaints 3451 (40.0) 3389 (39.3) Statin prescriptions at baseline (n, %)
0 4925 (57.1) 5014 (58.1) Statin name
>3 Pravastatin 643 (7.4)
Chest pain 3176 (36.8) 3158 (36.6) Rosuvastatin 889 (10.3)
Dyspnoea 778 (9.0) 759 (8.8) Simvastatin 5198 (60.2)
Fatigue 2773.2) 273(3.2) Statin intensity
Heart murmurs 77 (0.9) 75(0.9) Lower than guideline 2805 (32.5)
recommended
Palpitations 1088 (12.6) 1141 (13.2) o
Equal to guideline 3473 (40.2)
Collapse 63 (0.7) 76 (0.9) recommended
Comorbidities (n, %) Higher than guideline 2353 (27.3)
Hypertension 3386 (39.2) 3310 (38.4) recommended
Diabetes mellitus 843(9.8) 686 (7.9) SCORE, Systematic COronary Risk Evaluation.
Dyslipidaemia 2078 (24.1) 1957 (22.7)
Cardiovascular diagnosis 1061 (12.3 939 (10.9 . .
at baseline 9 (12.3) (10.9) All analyses were performed in R (R Core Team, Vienna,

Austria). A . i istically signifi .
Clinical characteristics ustria). A p <0.05 was considered statistically significant

Body mass index (kg/m?) ~ 27.0 (4.5) 27.0(4.7) Patient and public involvement

Systolic blood pressure 146 (21) 146 (22) Patients or public were not involved in any stage of the
(mmHg) research process.

Total cholesterol (mmol/L) 5.53 (1.29) 5.62 (0.86)

Low-density lipoprotein  3.30 (2.50-4.20) 3.30 (2.90-3.80)

cholesterol (mmol/L) RESULTS

Propensity score matching

E:]%Tégtir:zzt{n:ig]%?;f)tein 1.40(1.10-1.80) 1:40(1.10-1.80) We extracted data from 17008 statin users (48% women)
Triglycerides (mmol/L) 1,50 (1.00-2.20) 1,50 (1.00-2.20) and 30793 pat'lents (57% Women) ehglble for statin

: therapy who did not receive any statins (non-users)
Eﬁ?;rtlii;e(:a%éo&e&ular 82(27) 82(28) (figure 1; online supplemental table 3). Statin users were
min/1.73 m?) on average older (62+11 vs 55+13 years), more often men
History of cardiovascular 970 (11.2) 971 (11.3) (52% vs 43%) and had a higher median 10-year cardi-
medication use ovascular mortality risk (3.94 (1.68-8.36) vs 1.66 (0.45-

4.77)) compared with non-users. They also more often
presented with comorbidities such as hypertension (46%

Continued

4 Bots SH, et al. Open Heart 2022;9:6001900. doi:10.1136/openhrt-2021-001900

"JybuAdoo Agq paroslold 1senb Aq €202 ‘Sz Arenuer uo jwoo’[wguesyuadoy/:dny woly papeojumoq ‘2z0z Mdy 0z uo 006T00-TZ0Z-Myuado/9eTT 0T Se paysignd isii :LeaH uado


https://dx.doi.org/10.1136/openhrt-2021-001900
http://openheart.bmj.com/

Special populations

vs 23%) and dyslipidaemia (39% vs 7%), and were more
often prescribed cardiovascular medication other than
statins at baseline (80% vs 34%) compared with non-users
(online supplemental table 3). Due to these pronounced
differences between statin users and non-users, it was not
possible to match each statin user to a non-user with a
similar propensity score and individuals that could not be
matched were excluded from analyses. Propensity-score
matching resulted in a cohort consisting of 8631 statin
users and 8631 non-users who were highly similar on all
baseline characteristics (table 1).

Propensity-score matched study population

Female statin users were on average older than male
statin users (62+10 vs 59+11 years) and more often had
a low (0%-4%) cardiovascular mortality risk (61% vs
49%). They less often presented without cardiovascular
complaints (36% vs 45%) and had a lower estimated
glomerular filtration rate (76+24 vs 89+28 mL/min/ mg).
Similar differences between the sexes were seen for the
statin non-users. The prevalence of comorbidities and
medication use was similar between the sexes for both
statin users and non-users (table 2).

Statin use and mortality risk

Median follow-up in the matched cohort was 5.8 (3.5-7.9)
years, during which 1035 patients (50% women) died.
Cardiovascular deaths accounted for a total of 270 events
(26% of total). In the whole cohort, statin use reduced
the risk of all-cause mortality by 24% (HR 0.76, 95% CI
0.71 to 0.82) and the risk of cardiovascular mortality
by 28% (HR 0.72, 95% CI 0.61 to 0.83). This protective
effect was stronger in women, with a 34% lower all-cause
mortality risk (HR 0.66, 95% CI 0.58 to 0.74) and a 45%
lower cardiovascular mortality risk (HR 0.55, 95% CI
0.39 to 0.71) in statin users compared with non-users. A
similar but weaker trend was seen for men, with an 11%
reduction in all-cause mortality (HR 0.89, 95% CI 0.81 to
0.96) and a non-significant 7% reduction in cardiovas-
cular mortality (HR 0.93, 95% CI 0.77 to 1.08) in statin
users compared with non-users (table 3). The interaction
term for sex was statistically significant for both all-cause
mortality (p value for interaction=0.040) and cardiovas-
cular mortality (p value for interaction=0.035).

Statin intensity and mortality risk
Thirty-six per cent of women who were prescribed statins
(n=8171) received a low-intensity statin and 26% received
a high-intensity statin, compared with 29% and 28% of
men who were prescribed statins (n=8837), respectively.
The remainder received a statin prescription at guideline-
recommended dose (38% of women vs 42% of men).
Propensity score matching resulted in a cohort of 10 688
patients (52% women) with a balanced confounder distri-
bution (online supplemental table 4). The total number
of deaths was 820 in this cohort, of which 224 were
cardiovascular. Higher intensity statins conferred a small
protective effect against all-cause mortality (HR 0.94,

95% CI 0.88 to 1.00) and cardiovascular mortality (HR
0.86, 95% CI 0.74 to 0.98) compared with lower intensity
statins. The results were similar for women (HR 0.91,
95% CI 0.82 to 1.00 and HR 0.88, 95% CI 0.70 to 1.05,
respectively) and men (HR 0.96, 95% CI 0.88 to 1.05 and
HR 0.85, 95% CI 0.69 to 1.01, respectively) although not
statistically significant (table 4). There was no significant
interaction between sex and statin intensity for neither
all-cause mortality (p value for interaction=0.73) nor
cardiovascular mortality (p value for interaction=0.76).

Sensitivity analysis

Repeating our analyses in those without a cardiovas-
cular diagnosis at baseline resulted in a matched cohort
of 15180 people (52%women). Results for all-cause
mortality were similar to the main analysis in both sexes,
but the protective effect of statins for cardiovascular
mortality was no longer present in men (HR 1.02, 95% CI
0.86 to 1.18) when restricted to this subgroup (online
supplemental table 5). Repeating our analyses with the
adapted definition of high-intensity statin did not change
our results (data not shown).

DISCUSSION

This study shows that fewer women eligible for
statin therapy received statins compared with men,
and when they did, they more often received a low-
intensity statin. Statin prescription for primary
prevention reduced the risk of all-cause and cardi-
ovascular mortality to a greater extent in women
compared with men. High-intensity statins conferred
modest additional protection against both mortality
outcomes and this effect was similar for women and
men.

The main strength of our study was the use of a
clinical care database that closely reflects the current
situation in clinical care, both regarding statin
prescription practices and patients that are seen at
such outpatient clinics. Women were well represented
(52%) and the majority of patients (55%) had a low
(<5%) 10-year risk of cardiovascular mortality, which
is exactly the patient population for whom more
evidence regarding statin efficacy is warranted. The
main limitation of our study is that data collection
was driven by medical need and thus not performed
systematically. Residual confounding may remain
despite our efforts to control for confounding by indi-
cation. This may have biased our findings towards the
null because patients with a higher mortality risk have
a higher chance of being prescribed (high-intensity)
statins, which would reduce the difference in survival
between statin users and non-users and low-intensity
and high-intensity statin users. We were also unable to
evaluate more short-term outcomes that may be rele-
vant in this low-risk population such as cardiovascular
events and hospitalisations, and lacked good-quality
data on adverse drug reactions. We were unable to
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Statin users Statin non-users Statin users Statin non-users
(women) (women) (men) (men)
(n=4482) (n=4499) (n=4149) (n=4132)

Age (years) 62 (10) 62 (12) 59 (11) 59 (13)

Native Dutch 3520 (78.5) 3555 (79.0) 3233 (77.9) 3286 (79.5)

Second generation immigrant 277 (6.2) 311 (6.9) 304 (7.3) 179 (6.8)

Current smoker (n, %) 1848 (41.2) 1847 (41.1) 1695 (40.9) 1693 (41.0)

0%—4% 2712 (60.5) 2601 (57.8) 2045 (49.3) 1961 (47.5)

>10% 684 (15.3) 914 (20.3) 809 (19.5) 973 (23.5)

No of complaints

1 2721 (60.7) 2821 (62.7) 2204 (53.1) 2193 (53.1)

>3 8(0.2) 7(0.2) 12(0.2) 5(0.1)

Dyspnoea 457 (10.2) 442 (9.8) 321(7.7) 317 (7.7)

Heart murmurs 41(0.9) 42(0.9) 36 (0.9) 33(0.8)

Collapse 30(0.7) 35(0.8) 33(0.8) 41(1.0)

Hypertension 1887 (42.1) 1830 (40.7) 1499 (36.1) 1480 (35.8)

Dyslipidaemia 1127 (25.1) 1026 (22.8) 951 (22.9) 931 (22.5)

Clinical characteristics

Systolic blood pressure (mm Hg) 146 (22) 146 (23) 147 (20) 147 (21)
Low-density lipoprotein cholesterol  3.40 (2.50-4.30) 3.30 (2.90-3.90) 3.20 (2.40-4.10) 3.30 (2.90-3.80)
(mmol/L)

Triglycerides (mmol/L) 1.40 (1.00-2.00) 1.40 (1.00-2.10) 1.70 (1.10-2.40) 1.70 (1.10-2.40)

Medication prescriptions at baseline other than statins (n,%)

Cardiovascular medication 3017 (67.3) 3081 (68.5) 2781 (67.0) 2726 (66.0)
prescribed at baseline

0 1149 (25.6) 1117 (24.8) 1107 (26.7) 1123 (27.2)

Continued
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Table 2 Continued

Statin users

Statin non-users

Statin users Statin non-users

(women) (women) (men) (men)
(n=4482) (n=4499) (n=4149) (n=4132)

1-3 2801 (62.5) 2909 (64.7) 2515 (60.6) 2548 (61.7)

4-7 525 (11.7) 467 (10.4) 523 (12.6) 457 (11.1)

8-10 7(0.2) 6 (0.1) 4(0.1) 4(0.1)
Antiplatelet or anticoagulant 1529 (34.1) 1552 (34.5) 1557 (37.5) 1480 (35.8)
medication
Other lipid-lowering medication 89 (2.0) 101 (2.2) 98 (2.4) 90 (2.2)
Diabetes mellitus medication 352 (7.9) 319(7.1) 376 (9.1) 253 (6.1)
Nitrates 465 (10.4) 488 (10.8) 394 (9 315 (7.6)
Antiarrhythmic medication 47 (1.0) 51(1.1) 61 (1.5) 70(1.7)
Digoxin 31(0.7) 30(0.7) 31(0.7) 35(0.8)
Statin prescriptions at baseline (n, %)
Statin name

Atorvastatin 908 (20.3) 951 (22.9)

Fluvastatin 22 (0.5) 20 (0.5)

Pravastatin 266 (8.2) 277 (6.7)

Rosuvastatin 468 (10.4) 421 (10.1)

Simvastatin 2718 (60.6) 2480 (59.8)
Statin intensity

Lower than guideline recommended 1592 (35.5) 1213 (29.2)

Equal to guideline recommended 1713 (38.2) 1760 (42.4)

Higher than guideline 1177 (26.3) 1176 (28.3)

recommended

SCORE, Systematic COronary Risk Evaluation.

correct for potential sex differences in adherence,
but this is unlikely to change the interpretation of
our findings because literature suggests women have
poorer adherence than men, which would lead us to
underestimate the observed benefit in women.” '®
Our finding that the protective effect of statins
was stronger in women compared with men corre-
sponds to findings from previous studies looking
at sex differences in statin effectiveness.” '*'* The
protective effect of statin was not seen in men after
the exclusion of those diagnosed with cardiovascular

Table 3 Adjusted HRs with 95% Cls for the risk of all-
cause and cardiovascular mortality associated with statin
use stratified by sex

Whole population

(n=17262) Women (n=8981) Men (n=8281)

All-cause mortality (n,,,,=1035)

No statin 1 1 1

(ref)

Statin 0.76 (0.71 10 0.82) 0.66 (0.58 t0 0.74)  0.89 (0.81 to 0.96)
Cardiovascular mortality (n,, =270)

No statin 1 1 1

(ref)

Statin 0.72 (0.61 0 0.83) 0.55(0.39t00.71)  0.93(0.77 t0 1.08)

disease at baseline. This is in line with findings from
a meta-analysis that showed statin use for primary
prevention reduced mortality in women but not men,
while statin use for secondary prevention did reduce
mortality in men.” Literature also suggests low-risk

Table 4 Adjusted HRs with 95% Cls for the risk of all-
cause and cardiovascular mortality associated with having
a statin prescription equal to or higher than guideline-
recommended intensity stratified by sex

Whole
population Women Men
(n=10694) (n=5598) (n=5096)
All-cause mortality (n,,=820)
Low 1 1 1
intensity
(ref)
Equal/ 0.94 (0.88 to 1.00) 0.91 (0.82 to 1.00) 0.96 (0.88 to 1.05)
higher
intensity
Cardiovascular mortality (n,, =224)
Low 1 1 1
intensity
(ref)
Equal/ 0.86 (0.74 t0 0.98) 0.88 (0.70 to 1.05) 0.85(0.69 to 1.01)
higher
intensity
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patients could gain most benefit from statin treat-
ment.” '’ This may explain both why we found such a
strong effect of statin treatment in our whole cohort
compared with previous trials, and why we found a
stronger effect in women compared with men. Our
study population had a low median 10-year cardiovas-
cular mortality risk of approximately 3.5%. Women
had a lower average mortality risk than men (2.9%
vs 4.1%, respectively), and fewer women in both the
statin-treated and statin-untreated group had a high
mortality risk (210%) compared with men. Another
potential explanation might be that women adhered
better to lifestyle recommendations such as dietary
advice provided complementary to statin treatment
than men, but literature on this topic is scarce.”
In addition, our findings need to be validated. This
may be difficult within a trial setting due to the long
follow-up time required to accrue sufficient mortality
endpoints in these relatively healthy populations.
Other observational studies using real-world data
may offer valuable insights, provided they are able to
properly correct for indication bias. Such studies can
also evaluate the generalisability of our findings. Our
database only includes Dutch patients located at the
unique intersection between primary and secondary
care, and we had to exclude the healthiest and least
healthy patients because these could not be matched
to a counterpart with a sufficiently similar propensity
score. It remains unclear how our findings translate
to these patient groups.

Women in our dataset more often received low-
intensity statins compared with men, confirming
previous work.”” The evidence supporting equal
statin prescription strategies for both sexes is
growing, but higher rates of side effects in women
may be the underlying reason for maintaining this
careful approach to statin prescription in women.
The topic of statin-related side effects is still debated.
Meta-analyses suggesting no differences in adverse
events between treatment and placebo arms,? '* ! #2
but others argue that statin-related side effects, espe-
cially milder ones, are very common and an important
challenge in statin treatment.”” There is also some
evidence for sex differences in adverse events,2 32 put
this is not yet conclusive. Our analyses exploring the
relationship between statin intensity and long-term
prognosis suggested high-intensity regimens only
conferred marginal additional benefit. This raises the
question whether low-intensity statins could already
be sufficiently effective in women, and whether the
small additional benefit of high-intensity statins is
proportional to the increased risk of potential side
effects. These yet unanswered questions underscore
the importance of clinical trials providing sex-specific
data for both the efficacy of low-intensity versus high-
intensity statins and adverse events rates associated
with different statin intensities. Dose-finding trials
could answer the question which statin dosage best

balances prognosis benefits against possible harms
such as side effects.

CONCLUSION

Fewer women received statins than men, and when
they did, they were more likely to receive low-intensity
regimens. The protective effect of primary prevention
statins was stronger in women than men for both all-
cause and cardiovascular mortality, but the additional
benefit of high-intensity statins was modest and similar
for both sexes. Statins seem to be effective regardless
of treatment intensity, especially in women.

Acknowledgements Results are based on calculations by the authors using non-
public microdata from Statistics Netherlands.

Contributors SB conceived the research question, cleaned the raw data,
performed data analyses and wrote the manuscript. NCO-M conceived the research
question, supported data analysis and critically reviewed the manuscript. MJ
performed part of the data analyses. IIT, LH and GAS collected the raw data and
reviewed the manuscript. MH critically reviewed the manuscript. HMdR conceived
the research question, obtained funding, supported data analyses and critically
reviewed the manuscript. HMdR acts as the guarantor for this study.

Funding This work was supported by the Dutch Cardiovascular Alliance consortium
DCVA IMPRESS (2020B004) and ERC Consolidator grant UCARE (866478).

Competing interests LH, IIT and GAS are employed by Cardiology Centers of the
Netherlands. All other authors declare no competing interests.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available. All data are stored within

the UMC infrastructure and cannot be made publicly available due to privacy
constraints. The survival follow-up data obtained via record linkage with Statistics
Netherlands are not publicly available and cannot be accessed by researchers not
registered on the project.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Sophie H Bots http://orcid.org/0000-0002-4483-5582

REFERENCES

1 Cholesterol Treatment Trialists' (CTT) Collaboration. Efficacy and
safety of more intensive lowering of LDL cholesterol: a meta-analysis
of data from 170 000 participants in 26 randomised trials. The
Lancet 2010;376:1670-81.

2 Kostis WJ, Cheng JQ, Dobrzynski JM, et al. Meta-analysis of statin
effects in women versus men. J Am Coll Cardiol 2012;59:572-82.

3 Nanna MG, Wang TY, Xiang Q, et al. Sex differences in the use of
statins in community practice. Circ Cardiovasc Qual Outcomes
2019;12:e005562.

4 Peters SAE, Colantonio LD, Zhao H, et al. Sex Differences
in High-Intensity Statin Use Following Myocardial Infarction
in the United States. J Am Coll Cardiol 2018;71:1729-37.

8

Bots SH, et al. Open Heart 2022;9:6001900. doi:10.1136/openhrt-2021-001900

"1ybuAdoo Aq paroslold 1sanb Aq €202 ‘Sz Arenuer uo jwoo [wg-uesyuadoy/:dny woly papeojumoq ‘zz0z Mdy 0z Uo 006T00-TZ0Z-Myuado/9eTT 0T Se paysignd isii :LeaH uado


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4483-5582
http://dx.doi.org/10.1016/S0140-6736(10)61350-5
http://dx.doi.org/10.1016/S0140-6736(10)61350-5
http://dx.doi.org/10.1016/j.jacc.2011.09.067
http://dx.doi.org/10.1161/CIRCOUTCOMES.118.005562
http://dx.doi.org/10.1016/j.jacc.2018.02.032
http://openheart.bmj.com/

Special populations

5

10

11

12

13

Virani SS, Woodard LD, Ramsey DJ, et al. Gender disparities in
evidence-based statin therapy in patients with cardiovascular
disease. Am J Cardiol 2015;115:21-6.

Olmastroni E, Boccalari MT, Tragni E, et al. Sex-differences in
factors and outcomes associated with adherence to statin therapy
in primary care: need for customisation strategies. Pharmacol Res
2020;155:104514.

Cangemi R, Romiti GF, Campolongo G, et al. Gender related
differences in treatment and response to statins in primary and
secondary cardiovascular prevention: the never-ending debate.
Pharmacol Res 2017;117:148-55.

Reiner Zeljko. Statins in the primary prevention of cardiovascular
disease. Nat Rev Cardiol 2013;10:453-64.

Cholesterol Treatment Trialists' (CTT) Collaboration, Fulcher

J, O'Connell R, 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
2015;385:1397-405.

Mora S, Glynn RJ, Hsia J, et al. Statins for the primary prevention
of cardiovascular events in women with elevated high-sensitivity C-
reactive protein or dyslipidemia. Circulation 2010;121:1069-77.
Ray KK, Seshasai SRK, Erqou S, et al. Statins and all-cause
mortality in high-risk primary prevention: a meta-analysis of 11
randomized controlled trials involving 65,229 participants. Arch
Intern Med 2010;170:1024-31.

Walsh JME, Pignone M. Drug treatment of hyperlipidemia in women.

JAMA 2004;291:2243-52.

Banga J, Van Dijk J, Dis V I, et al. NHG-Standaard Cardiovasculair
risicomanagement (tweede herziening).. Huisarts Wet
2012;55:14-28.

14

20

21

22

23

Burgers J, Simoons M, Hoes A. Guideline'Cardiovascular

risk management'. Nederlands tijdschrift voor geneeskunde
2007;151:1068-74.

Law MR, Wald NJ, Rudnicka AR. Quantifying effect of statins on low
density lipoprotein cholesterol, ischaemic heart disease, and stroke:
systematic review and meta-analysis. BMJ 2003;326:1423.

Buuren Svan, Groothuis-Oudshoorn K. Mice : multivariate imputation
by Chained equations in R. J Stat Softw 2011;45:67.

Ho DE, Imai K, King G, et al. Matchlt : Nonparametric Preprocessing
for Parametric Causal Inference. J Stat Softw 2011;42:28.

Bots SH, Inia JA, Peters SAE. Medication adherence after

acute coronary syndrome in women compared with men: a
systematic review and meta-analysis. Front Glob Womens Health
2021;2:637398.

Cholesterol Treatment Trialists' (CTT) Collaborators, Mihaylova B,
Emberson J, et al. The effects of lowering LDL cholesterol with statin
therapy in people at low risk of vascular disease: meta-analysis of
individual data from 27 randomised trials. Lancet 2012;380:581-90.
Szymczyk I, Wojtyna E, Lukas W, et al. How does gender influence
the recognition of cardiovascular risk and adherence to self-care
recommendations?: a study in polish primary care. BMC Fam Pract
2013;14:165.

Hsue PY, Bittner VA, Betteridge J, et al. Impact of female sex on lipid
lowering, clinical outcomes, and adverse effects in atorvastatin trials.
Am J Cardiol 2015;115:447-53.

Taylor F, Huffman MD, Macedo AF, et al. Statins for the primary
prevention of cardiovascular disease. Cochrane Database Syst Rev
2013:2451.

Redberg RF, Katz MH. Statins for primary prevention: the debate is
intense, but the data are weak. JAMA Intern Med 2017;177:21-3.

Bots SH, et al. Open Heart 2022;9:¢001900. doi:10.1136/openhrt-2021-001900

"1ybuAdoo Aq paroslold 1sanb Aq €202 ‘Sz Arenuer uo jwoo [wg-uesyuadoy/:dny woly papeojumoq ‘zz0z Mdy 0z Uo 006T00-TZ0Z-Myuado/9eTT 0T Se paysignd isii :LeaH uado


http://dx.doi.org/10.1016/j.amjcard.2014.09.041
http://dx.doi.org/10.1016/j.phrs.2019.104514
http://dx.doi.org/10.1016/j.phrs.2016.12.027
http://dx.doi.org/10.1038/nrcardio.2013.80
http://dx.doi.org/10.1016/S0140-6736(14)61368-4
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.906479
http://dx.doi.org/10.1001/archinternmed.2010.182
http://dx.doi.org/10.1001/archinternmed.2010.182
http://dx.doi.org/10.1001/jama.291.18.2243
http://dx.doi.org/10.1136/bmj.326.7404.1423
http://dx.doi.org/10.18637/jss.v045.i03
http://dx.doi.org/10.18637/jss.v042.i08
http://dx.doi.org/10.3389/fgwh.2021.637398
http://dx.doi.org/10.1016/S0140-6736(12)60367-5
http://dx.doi.org/10.1186/1471-2296-14-165
http://dx.doi.org/10.1016/j.amjcard.2014.11.026
http://dx.doi.org/10.1001/jama.2013.281348
http://dx.doi.org/10.1001/jamainternmed.2016.7585
http://openheart.bmj.com/

	Statins are associated with a large reduction in all-­cause mortality in women from a cardiac outpatient population
	Abstract
	Introduction﻿﻿
	Methods
	Study population
	Selection of statin users and non-users
	Definition of statin intensity
	Outcome
	Propensity score matching
	Statistical analyses
	Sensitivity analysis
	Patient and public involvement

	Results
	Propensity score matching
	Propensity-score matched study population
	Statin use and mortality risk
	Statin intensity and mortality risk
	Sensitivity analysis

	Discussion
	Conclusion
	References


