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Effects of statin response on cardiovascular outcomes
in patients with ST-segment elevation myocardial infarction

Mehmet Bullent Vatan'™ @, Perihan Varim® @, Suret Agac¢?®, Hakan Erkan ©, Kahraman Cosansu*

SUMMARY

OBJECTIVE: This study aimed to evaluate the effects of statin response on cardiovascular outcomes in patients with ST-segment elevation
myocardial infarction.

METHODS: Atotal of 1029 ST-segment elevation myocardial infarction patients were enrolled in the study. The patients who failed to achieve >40%
reduction in baseline low-density lipoprotein cholesterol levels within 30 days to 12 months after statin initiation were defined as suboptimal statin
responders. The adjusted hazard ratios for cardiovascular outcomes for low-density lipoprotein cholesterol response to statins were estimated via
the Cox proportional regression model. The relationship between the statin response and cardiovascular outcomes was also evaluated in a subgroup
of on-treatment low-density lipoprotein cholesterol levels below 55 mg/dL.

RESULTS: Among the study population, 573 (55.6%) patients demonstrated suboptimal low-density lipoprotein cholesterol response to statin therapy.
These patients showed a significantly higher incidence of the composite of major adverse cardiovascular events, including cardiovascular death,
reinfarction, recurrent myocardial infarction, and target vessel revascularization during the follow-up compared with optimal responders (adjusted
hazard ratios 3.99; 95%Cl 2.66-6.01; p<0.001). In a subgroup of patients with on-treatment low-density lipoprotein cholesterol levels below 55
mg/dL, suboptimal statin responders also showed unfavorable cardiovascular outcomes (adjusted hazard ratios 8.73; 95%Cl 2.81-27.1; p<0.001).
CONCLUSIONS: The present study showed that over half of the patients with ST-segment elevation myocardial infarction did not exhibit optimal
low-density lipoprotein cholesterol response to statin. These patients have an increased risk of future major adverse cardiovascular events.
KEYWORDS: Cardiovascular disease. Low-density lipoprotein cholesterol. Myocardial infarction response. Prognosis. HMG-CoA reductase inhibitors.

INTRODUCTION

Lowering low-density lipoprotein cholesterol (LDL-C) with
a 3-hydroxy-3-methylglutaryl-coenzyme reductase inhibitor
(statin) has been recognized as a default strategy for prevent-
ing major adverse cardiovascular events (MACE) for both the
primary and secondary care settings. Furthermore, it has been
shown that more intensive LDL-C reduction with higher
potency statin therapy further reduces MACE in individuals with
acute coronary syndrome (ACS)"2 Accordingly, the European
Society of Cardiology guidelines suggested a greater reduction
in LDL-C using high-intensity statin therapy in patients with
ACS. However, due to the heterogeneity in individual response
to statin therapy, effective LDL reduction is not achieved in
most patients’. Numerous clinical, demographic, and genetic
variables contributing to statin resistance have been reported*’.
However, there is limited evidence on the relationship between

statin resistance and the risk of future cardiovascular (CV)

events. A recent study involving primary care patients demon-
strated an increased risk of future CVD in suboptimal statin
responders compared to the group that responded optimally
to statin therapy®. This study aimed to investigate the effects of
statin response on CV outcomes in patients with ST-segment
elevation myocardial infarction (STEMI).

METHODS

Patient collection data

The retrospective data of 3606 patients with STEMI were
analyzed through the hospital database and the national elec-
tronic health information systems. The patients treated with
fixed-dose high-intensity statin therapy for at least 12 months
after the index hospitalization were selected. Patients receiv-

ing lipid-lowering treatment within 6 months before the index
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Statin response and cardiovascular outcomes

hospitalization were excluded from this study. Those who used
additional lipid-modifying drugs other than statins were also
excluded. A total of 1029 eligible patients were enrolled in the
study. All patients underwent primary percutaneous coronary
intervention and were discharged from the hospital with stable
conditions. They received high-intensity statin therapy initi-
ated within the first 24 h of admission and continued for at
least 12 months. Statin adherence was evaluated through tele-
phone calls and the patient’s prescribing records. LDL-C values
were obtained from hospital records and available data from
the national electronic health information system. Patients had
at least three LDL-C measurements (one measurement within
24 h of index hospitalization before statin administration and
at least two measurements within 30 days to 12 months after
statin administration). The lowest LDL level measured within
12 months after the statin therapy was used for the on-treat-
ment response. The clinical and laboratory follow-up data were
collected retrospectively from the hospital and national health
database systems. Informed written consent was obtained from
all patients, and the local ethical committee approved the pro-
tocol (Approval number: 71522473/050.01.04/408).

Definitions

High-intensity statin therapy was defined as atorvastatin used
at 40—80 mg or rosuvastatin used at 20—40 mg. The National
Institute for Health and Care Excellence guideline adopts >40%
LDL reduction to define optimal statin response in high-risk
patients’. A recent study by Akyea used this threshold in their
primary analysis. Thus, in our study, patients who failed to
achieve >40% reduction in baseline LDL-C levels within 30
days to 12 months after intensive statin initiation were defined
as suboptimal statin responders. We compared the patients
based on their statin responses to investigate the impact of sta-

tin response on CV adverse events.

Endpoints

The primary endpoint was the composite of MACE, such as
CV death, reinfarction, recurrent myocardial infarction (MI),
and target vessel revascularization (TVR) during the follow-up.
The individual components of the primary endpoint were con-

sidered secondary endpoints.

Statistical analysis

Statistical analysis was performed by SPSS (Statistical Package
for Social Sciences) 21.0 for the Windows program. The
Kolmogorov-Smirnov test was performed to analyze the nor-
mality of the continuous variables. Continuous variables
were expressed as means (SD) or median (interquartile range)

according to whether they exhibited a Gaussian distribution,
and categorical variables were expressed as proportions and per-
centages. The independent t test was used to compare normally
distributed continuous data. Continuous data, which were not
normally distributed, were analyzed using the Mann-Whitney
U test. The chi-square test was used to compare the dichot-
omous data. The Cox proportional hazard analysis, adjusting
for significant covariates predictive of cardiovascular events,
was used to estimate the adjusted hazard ratio and 95% con-
fidence interval (CI) to compare the incidence of the primary
endpoint in suboptimal and optimal statin responders. We
calculated MACE rates (per 1000 person-years) and 95%Cls
for the primary endpoint for each group. Two-sided p-values

of <0.05 were considered statistically significant.

RESULTS

Study population and baseline characteristics

The study population included 808 men and 221 women with
a median age of 61 years. Among the study population, 573
(55.6%) patients demonstrated a suboptimal LDL-C response
to statin therapy at 30 days to 12 months after starting treat-
ment. The median follow-up time was 48 and 45 months for
suboptimal and optimal statin responders, respectively. The

demographic variables are summarized in Table 1.

Incidence of cardiovascular outcomes

During the follow-up, a primary endpoint event occurred
in 339 patients. As shown in Table 1, the incidence of the
composite MACE was significantly higher in patients with
suboptimal LDL-C response to statin therapy compared to
those with optimal LDL-C response (p<0.001). Among the
individual components of the primary endpoint, there was
a consistent pattern of favorable outcomes in patients with
optimal LDL-C response to statin. CV death occurred in 29
patients (5.1%) in the suboptimal statin group and 6 patients
(1.3%) in the optimal statin group (p=0.001). Patients with
suboptimal statin response showed a significantly higher
incidence of recurrent MI, TVR, and reinfarction than those
with the optimal response (p<0.001). Outcomes for the
selected secondary endpoints are also presented in Table 1.
After adjustment of baseline covariates predictive of cardio-
vascular events (age, hypertension, prior MI, prior coronary
revascularization, baseline LDL-C, baseline total cholesterol,
baseline triglyceride, baseline HDL-C, on-treatment LDL-
C, and high-sensitivity C-reactive protein (hs-CRP) levels),
the risk of MACE remained significantly greater in patients

1054
Rev Assoc Med Bras 2022;68(8):1053-1058



Vatan, M. B. et al.

with suboptimal LDL-C response to statin compared with
that in optimal responders (adjusted HR 3.99; 95%CI 2.66—
6.01; p<0.001). The incidence rates for MACE were 17 and
102 per 1000 person-years for patients with optimal statin
response and those with suboptimal statin response, respec-
tively. We also showed that the suboptimal statin response
was independently associated with reinfarction, recurrent MI,
and TVR. However, no independent association was found
between cardiovascular death and suboptimal statin response
(adjusted HR 1.93; 95%CI 0.55-6.74; p=0.30) (Table 2).
A subgroup analysis of patients with on-treatment LDL-C
levels below 55 mg/dl also showed unfavorable cardiovascular
outcomes in suboptimal responders. The Cox regression anal-

ysis showed that suboptimal statin response is independently

associated with the higher incidence of MACE (HR 8.73;
95%CI 2.81-27.1; p<0.001). The incidence rates for MACE
were 16.9 and 61.2 per 1000 person-years for patients with opti-
mal statin response and those with suboptimal statin response,
respectively (Table 3).

DISCUSSION

This study revealed that 55.6% of STEMI patients treated with

intensive statin therapy did not exhibit optimal statin responses.

An increased risk of MACE was observed in these patients.
High variability in the percentage reduction of LDL-C

may be encountered among subjects using the same dose of

statin regimens. Some observational studies have investigated

Table 1. Baseline characteristics and outcomes by low-density lipoprotein cholesterol response to statin therapy.

Total n (%)

1029 (100)

Suboptimal statin
responders n (%)
573(55.6)

Optimal statin
responders n (%)
456 (44.3)

Age (median, IQR, mg/dL) 53/61/69 53/61/69 53/61/69 0.684
Gender (Female, n (%)) 221(21.5) 121(21.1) 100 (21.9) 0.761
Hypertension, n (%) 655 (63.7) 379 (66.1) 276 (60.5) 0.068
Prior myocardial infarction, n (%) 56 (5.4) 46 (8) 10(2.2) <0.001
Prior coronary revascularization, n (%) 103 (10) 81(14.1) 22 (4.8) <0.001
Diabetes mellitus, n (%) 311(30.2) 180 (31.4) 131(28.7) 0.374
Smoking, n (%) 727 (70.7) 415 (72.4) 312 (68.4) 0.169
Baseline LDL-C (median, IQR, mg/dL) 111/133/159 103/124/150 120/145/171 <0.001
Baseline HDL-C (median, IQR, mg/dL) 34/40/46 33/38/45 36/41/47 <0.001
Baseline triglyceride (median, IQR, mg/dL) 72/112/176 74/115/179 71/109/171 0.290
Baseline total cholesterol (median, IQR, mg/dL) 169/198/227 162/189/218 178/208/241 <0.001
hs-CRP (median, IQR, mg/dL) 3/3.4/6.1 3/3.7/6.7 3/3/5.7 0.003
Admission glucose (median, IQR, mg/dL) 154.6+86 102/125/169 102/125/172 0.821
On-treatment LDL-C (median, IQR, mg/dL) 70/88/112 84/106/130 63/72/85 <0.001
Follow-up times (median, IQR, months) 31/48/64 31/48/65 30/45/64 0.105

Atorvastatin 40 mg 562 301 220

Atorvastatin 80 mg 458 268 231
Statin therapy, n >0.05

Rosuvastatin 20 mg 5 2 3

Rosuvastatin 40 mg 4 2 2
MACE, n (%) 339(32.9) 299(52.2) 40(8.8) <0.001
Cardiovascular death, n (%) 35(3.4) 29(5.1) 6(1.3) 0.001
Reinfarction, n (%) 89 (8.6) 85(14.8) 4(0.9) <0.001
Recurrent myocardial infarction n (%) 260 (25.3) 235 (41) 25(5.5) <0.001
Target vessel revascularization, n (%) 321(31.2) 283 (49.4) 38 (8.3) <0.001

Data were shown as meanstandard deviation and n (%).

IQR:interquartile range; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; MACE: major adverse cardiovascular events.

Bold values indicate statistical significance at the p<0.05 level.
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individual variability in LDL-C response to statin therapy®®.
Recent research by Akyea et al. on the primary prevention
population showed that 51.2% of patients had a subopti-
mal LDL-C response to statin therapy within 24 months. A
cross-sectional study consisting of 22.063 patients receiving
statins in both primary and secondary care demonstrated that
up to half of patients (48.2%) did not achieve optimal lipid

reduction goals®. In our study, only 45% of patients had an

optimal LDL-C response to statin therapy, which is compati-
ble with recent literature.

The exact mechanism underlying inadequate response to
statins has not yet been well understood. Nevertheless, indi-
vidual characteristics including age, sex, body weight, cigarette
smoking, inflammatory stress, chronic kidney disease, diabe-
tes mellitus, baseline lipid levels, and genetic variations have
been identified as possible determinants of LDL-C response to

Table 2. Hazard ratios and incidence rates (per 1000 person-year) for the primary and secondary endpoints according to low-density lipoprotein

cholesterol response to statin therapy

Rate of CVD events

Groups ) HR (adjusted)?
(n=1029) CVD events (n) (per 1000 person (95%Cl)
years)
Optimal 40 17 1
MACE <0.001
Suboptimal 299 102 3.99(2.66-6.01)
Optimal 6 2.6 1
Cardiovascular death 0.30
Suboptimal 29 9.9 1.93(0.55-6.74)
Optimal 4 1.7 1
Reinfarction <0.001
Suboptimal 89 30.5 18.17 (5.72-57.6)
Recurrent myocardial Optimal 25 10.7 1 <0.001
infarction Suboptimal 235 80.7 5.44(3.20-9.23)
Target vessel Optimal 38 16.4 1 ]
revascularization, n (%) Suboptimal 283 97.2 4,04 (2.66-6.14)

“The multivariable Cox regression models for MACE, cardiovascular death, reinfarction, recurrent myocardial infarction, and target vessel revascularization were
adjusted for age, hypertension, prior myocardial infarction, prior coronary revascularization, baseline LDL-C, baseline total cholesterol, baseline triglyceride,
baseline HDL-C, on-treatment LDL-C, and hs-CRP levels. LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; MACE: major
adverse cardiovascular events. Bold values indicate statistical significance at the p<0.05 level.

Table 3. Estimates of hazard ratios and incidence rates (per 1000 person-year for the primary and secondary endpoints according to the statin
responses in the subgroup of on-treatment low-density lipoprotein cholesterol <55 mg/dL).

Group: LDL <55 Rate of CVD events HR (adjusted)’
mg/dL CVD events (n) (per 1000 person- ! p-value
(95%Cl)
(n=287) years)
Optimal 16.9 1
MACE <0.001
Suboptimal 19 61.2 8.73(2.81-27.1)
Optimal 1 1.1 1
Cardiovascular death -
Suboptimal 3 9.6 1
Optimal 2 2.2 1
Reinfarction 0.01
Suboptimal 6 19.2 14,7 (1.72-126.3)
Recurrent myocardial Optimal 10 11.2 1 0.002
infarction Suboptimal 14 451 5.89 (1.89-18.3) '
Target vessel Optimal 15 16.9 1 GG
revascularization, n (%) Suboptimal 16 515 7.93 (2.49-25.2) '

LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; MACE: major adverse cardiovascular events. “The multivariable Cox
regression models for MACE, cardiovascular death, reinfarction, recurrent myocardial infarction, and target vessel revascularization were adjusted for prior
myocardial infarction, prior coronary revascularization, baseline LDL-C, baseline total cholesterol, baseline triglyceride, baseline HDL-C, on-treatment LDL-C,

and hs-CRP levels. Bold values indicate statistical significance at the p<0.05 level.
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statin therapy*’. Although our study did not primarily intend
to determine predictors of suboptimal statin response, patients
with suboptimal response were significantly more likely to have
lower baseline LDL-C and higher hs-CRP levels compared with
optimal response. Likewise, data from the EUROASPIRE V
study showed that the percentage of LDL-C response was sig-
nificantly lower in patients with lower baseline LDL-C levels’.

Although statins reduce the risk of CV events, the impact of
diminished response to statins on future CV adverse events has
not been fully elucidated. A study by Kataoka et al.’® evaluated
the natural history of atheroma burden in hyporesponders to
statin therapy. They revealed that statin hyporesponders exhib-
ited more significant atheroma progression. Recently, Akyea
et al. quantified the variability in LDC response to statins and
its impact on future CVD events in the primary prevention
population. They showed that the risk of incident CVD was
significantly greater in suboptimal responders than in optimal
responders. In our study, the risk of the composite of MACE,
including CV mortality, reinfarction, recurrent M1, and TVR
during the follow-up, was significantly higher in patients with
suboptimal LDL-C response to a statin compared with opti-
mal statin responders. Although our study was conducted on
a secondary prevention population, the abovementioned pre-
vious studies support our findings.

In a subgroup analysis of our study, we found worse CV out-
comes in patients with suboptimal response to statin therapy, even
with on-treatment LDL-C levels below 55 mg/dl. The current
ESC/EAS guideline recommends lowering the LDL level below
55 mg/dl and more than 50% LDL reduction in patients with
ACS. In contrast, it is recommended that combination therapy
with statins and ezetimibe or PCSK-9 inhibitors is only reason-
able in patients with clinical CVD who are deemed to be at very
high risk and have an LDL-C level of 55 mg/dl or higher despite
maximally tolerated statin therapy. Thus, the management of the
patients with history of MI failed to achieve a 40% reduction in
baseline LDL-C, while their on-treatment LDL-C below 55 mg/
dl remains controversial in regard to the benefit, side effects, and
cost. A study by Ridker et al. showed that the magnitude percent-
age of the on-treatment LDL-C reduction directly related to the
magnitude of cardiovascular risk reduction was observed"". The
importance of reducing LDL-C by at least 50% was also validated
by Waters et al.’%. Their pooled analysis of several randomized
trials from the secondary prevention population suggested that
percent LDL-C reduction provides incremental prognostic value
over attained LDL-C levels. However, due to the relatively small
number of subgroup patients, it is not our intention to suggest
that percent reduction targets for statin therapy are better than
absolute treatment targets for statin therapy. Further studies are

needed to evaluate the effectiveness of the nonstatin cholester-
ol-lowering drugs in patients with on-treatment LDL-C £55
mg/dl but not achieving percent reduction targets.

Several mechanisms could be considered to induce an increased
risk of CV events in suboptimal statin responders. The effect of
statins on cardiovascular risk reduction is mainly attributed to
declines in LDL-C. A meta-analysis of individual participant data
by the Cholesterol Treatment Trialists’ Collaboration'® reported
that more intensive statin-mediated LDL-C lowering by 20 mg/dI
resulted in a 15% further reduction in major CV events (includ-
ing a 13% reduction in coronary death or nonfatal MI, a 19%
reduction in coronary revascularization, and a 16% reduction in
ischemic stroke). Therefore, in patients with a suboptimal LDL-C
response to a statin, relatively high on-treatment LDL-C levels may
have led to increased CV risk. Another mechanism related to high
CV events in suboptimal statin responders might be their dimin-
ished pleiotropic effect. Some of the pleiotropic effects of statins
may be mediated through their effects on hs-CRP. Previously, it
was found that statin therapy decreased hs-CRD, an independent
marker for future cardiovascular events'*'. This anti-inflamma-
tory property of statins has been suggested to explain their bene-
ficial effects on cardiovascular outcomes. In our study, suboptimal
statin responders were more likely to have higher hs-CRP levels
than optimal statin responders. However, the data on hs-CRP
levels after statin therapy were lacking. Thus, suboptimal statin

responders might have lower pleiotropic effects, potentially con-

tributing to their high risk of MACE.

Limitations

Some limitations should be noted when interpreting our find-
ings. First, the study sample comprised patients with statin
therapy throughout the period of 12 months after the index
hospitalization. After 12 months, the patterns of statin use were
not taken into account in the analysis. Second, electronic drug
prescribing data may not always correlate with the actual sta-
tin consumption. Although telephone visits have also checked
statin adherence, the subject’s self-reported adherence might be
considered a limitation. Other limitations of the study include
its retrospective nature, relatively short follow-up period for
cardiovascular events, and the single-center patient cohort.
The nonrandomized nature of the study could have resulted

in selection bias.

CONCLUSIONS

The present study showed that patients with suboptimal statin
response had an increased risk for future MACE, specifically
CV death, reinfarction, recurrent MI, and TVR. Unfavorable
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cardiovascular outcomes are also persistent in suboptimal

responders; even their on-treatment LDL-C levels are reduced

below 55 mg/dL. However, further randomized trials are needed

to validate these findings.

REFERENCES

1.

Mach F, Baigent C, Catapano AL, Koskinas KC, CasulaM, Badimon L,
etal. 2019 ESC/EAS Guidelines for the management of dyslipidaemias:
lipid modification to reduce cardiovascular risk. Eur Heart J.
2020;41(1):111-88. https://doi.org/10.1093/eurheartj/ehz455

Szummer K, Wallentin L, Lindhagen L, Alfredsson J, Erlinge D, Held
C,etal.Improved outcomes in patients with ST-elevation myocardial
infarction duringthe last 20 years are related to implementation of
evidence-based treatments: experiences fromthe SWEDEHEART
registry 1995-2014. Eur Heart J. 2017; 38:3056-65. https://doi.
org/10.1093/eurheartj/ehx515

Gitt AK, Drexel H, Feely J, Ferrieres J, Gonzalez-Juanatey JR,
Thomsen KK, et al. Persistent lipid abnormalities in statin-treated
patients and predictors of LDL-cholesterol goal achievement
in clinical practice in Europe and Canada. Eur J Prev Cardiol.
2012;19(2):221-30.https://doi.org/10.1177/1741826711400545

Simon JA, Lin F, Hulley SB, Blanche PJ, Waters D, Shiboski S,
et al. Phenotypic predictors of response to simvastatin therapy
among African-Americans and Caucasians: the Cholesterol and
Pharmacogenetics (CAP) Study. Am J Cardiol. 2006;97(6):843-50.
https://doi.org/10.1016/j.amjcard.2005.09.134

Mega JL, Morrow DA, Brown A, Cannon CP, Sabatine MS.
Identification of genetic variants associated with response to
statintherapy. Arterioscler Thromb Vasc Biol. 2009;29(9):1310-5.
https://doi.org/10.1161/ATVBAHA.109.188474

Akyea RK, Kai J, QureshiN, lyen B, Weng SF. Sub-optimal cholesterol
response to initiation of statins and future risk of cardiovascular
disease. Heart. 2019;105(13):975-81. https://doi.org/10.1136/
heartjnl-2018-314253

National Institute for Healthand Care Excellence (NICE). Cardiovascular
disease: risk assessment and reduction, including lipid modification
(NICE Clinical Guidelines, No. 181). London: NICE; 2016.

Oni-Orisan A, Hoffmann TJ, Ranatunga D, Medina MW, Jorgenson
E, Schaefer C, et al. Characterization of statin low-density

AUTHORS’ CONTRIBUTIONS
MBYV: Methodology, Writing — original draft. PV: Resources,
Validation. SA: Data curation, Formal Analysis. HE: Formal

Analysis. KC: Writing — review & editing.

10.

11.

12.

13.

14.

15.

1058
Rev Assoc Med Bras 2022;68(8):1053-1058

lipoprotein cholesterol dose-response using electronic health
records in a large population-based cohort. Circ Genom
Precis Med. 2018;11(9):e002043. https://doi.org/10.1161/
CIRCGEN.117.002043

Backer G, Jankowski P, Kotseva K, Mirrakhimov E, Reiner Z, Rydén
L, et al. Management of dyslipidaemia in patients with coronary
heart disease: Results from the ESC-EORP EUROASPIRE V survey
in 27 countries. Atherosclerosis. 2019;285:135-46. https://doi.
org/10.1016/j.atherosclerosis.2019.03.014

Kataoka VY, St John J, Wolski K, Uno K, Puri R, Tuzcu EM, et al.
Atheroma progression in hyporesponders to statin therapy.
Arterioscler Thromb Vasc Biol. 2015;35(4):990-5. https://doi.
org/10.1161/ATVBAHA.114.304477

Ridker PM, Mora S, Rose L; JUPITER Trial Study Group. Percent
reductionin LDL cholesterol following high-intensity statin therapy:
potential implications for guidelines and for the prescription of
emerging lipid-lowering agents. Eur Heart J.2016;37(17):1373-9.
https://doi.org/10.1093/eurheartj/ehw046

Bangalore S, Fayyad R, Kastelein JJ, Laskey R, Amarenco P, DeMicco
DA, et al. 2013 Cholesterol Guidelines revisited: Percent LDL
reduction or attained LDL cholesterol level or both for Prognosis?
Am J Med. 2016;129(4):384-91. https://doi.org/10.1016/j.
amjmed.2015.10.024

Baigent C, Blackwell L, Emberson J, Laskey R, Amarenco P, DeMicco
D, et al. Efficacy and safety of more intensive lowering of LDL
cholesterol: a meta-analysis of data from 170,000 participants in
26 randomised trials. Lancet. 2010;376(9753):1670-81. https://
doi.org/10.1016/S0140-6736(10)61350-5

Qesterle A, Laufs U, Liao JK. Pleiotropic Effects of Statins on the
Cardiovascular System. Circ Res. 2017;120(1):229-43. https://
doi.org/10.1161/CIRCRESAHA.116.308537

Ridker PM. C-reactive protein and the prediction of cardiovascular
events among those at intermediate risk: moving an inflammatory
hypothesis toward consensus. J Am Coll Cardiol. 2007;:49(21):2129-
38. https://doi.org/10.1016/}.jacc.2007.02.052


https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehx515
https://doi.org/10.1093/eurheartj/ehx515
https://doi.org/10.1177/1741826711400545
https://doi.org/10.1016/j.amjcard.2005.09.134
https://doi.org/10.1161/ATVBAHA.109.188474
https://doi.org/10.1136/heartjnl-2018-314253
https://doi.org/10.1136/heartjnl-2018-314253
https://doi.org/10.1161/CIRCGEN.117.002043
https://doi.org/10.1161/CIRCGEN.117.002043
https://doi.org/10.1016/j.atherosclerosis.2019.03.014
https://doi.org/10.1016/j.atherosclerosis.2019.03.014
https://doi.org/10.1161/ATVBAHA.114.304477
https://doi.org/10.1161/ATVBAHA.114.304477
https://doi.org/10.1093/eurheartj/ehw046
https://doi.org/10.1016/j.amjmed.2015.10.024
https://doi.org/10.1016/j.amjmed.2015.10.024
https://doi.org/10.1016/S0140-6736(10)61350-5
https://doi.org/10.1016/S0140-6736(10)61350-5
https://doi.org/10.1161/CIRCRESAHA.116.308537
https://doi.org/10.1161/CIRCRESAHA.116.308537
https://doi.org/10.1016/j.jacc.2007.02.052

