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Objective. The objective of this meta-analysis was to analyze the benefits and harms of treating the population with statins in those
having mean low-density lipoprotein cholesterol (LDL-C) in the near-optimal (100 to 129 mg/dl) to borderline high (130 to
159 mg/dl) range and free of cardiovascular disease (CVD). Methods. We searched PubMed, PubMed Central, Cochrane Library,
and Google Scholar databases for randomized controlled trials (RCTs) published between 1994 and July 2020. We included RCTs
with greater than 90% of participants free of CVD. Two reviewers independently screened the articles using the Covidence
software, assessed the methodological quality using the risk of bias 2 tool, and analyzed the data using the RevMan 5.4 software.
Results. Eleven trials were included. Statin therapy was associated with a decreased risk of myocardial infarction (RR =0.56, 95%
CI: 0.47 to 0.67), major cerebrovascular events (RR = 0.78, 95% CI: 0.63 to 0.96), major coronary events (RR =0.67, 95% CI: 0.57 to
0.80), composite cardiovascular outcome (RR=0.71, 95% CI: 0.62 to 0.82), revascularizations (RR =0.65, 95% CI: 0.57 to 0.74),
angina (RR = 0.76, 95% CI: 0.63 to 0.92), and hospitalization for cardiovascular causes (RR = 0.74, 95% CI: 0.64 to 0.86). There was
no benefit associated with statin therapy for cardiovascular mortality and coronary heart disease mortality. All-cause mortality
benefit with statin therapy was seen in the population with diabetes and increased risk of CVD. Statin therapy was associated with
no significant increased risk of myalgia, creatine kinase elevation, rhabdomyolysis, myopathy, incidence of any cancer, incidence
of diabetes, withdrawal of the drug due to adverse events, serious adverse events, fatal cancer, and liver enzyme abnormalities.
Conclusion. Statin therapy was associated with a reduced risk of cardiovascular disease and procedures without increased risk of
harm in populations with mean LDL-C in the near-optimal to the borderline high range and without prior atherosclerotic
cardiovascular disease.
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1. Introduction

Atherosclerotic Cardiovascular disease (ASCVD) encom-
passes four major diseases, including coronary heart disease
(CHD), cerebrovascular disease, peripheral artery disease
(PAD), and aortic atherosclerosis. According to a report
jointly presented by the World Economic Forum and the
Harvard School of Public Health in September 2011 at the
United Nations High-Level Meeting on the non-
communicable disease (NCD), cardiovascular disease
(CVD) was the single largest cause of death worldwide,
accounting for 30% of all deaths and about 50% of NCD
deaths [1]. CVD was responsible for an estimated 17 million
deaths and 151 million disability-adjusted life years (DALYSs)
in 2008 [1]. The report estimated the global cost of CVD in
2010, about US$ 863 billion, and further to rise to US$ 1044
billion in 2030, estimating an increase of cost by 22% [1].
Hence, CVD has a significant global impact in terms of both
mortality and morbidity. In the current scenario, CVD has
peaked as a growing burden, even in low- and middle-in-
come countries that traditionally emphasized undernutri-
tion and infectious diseases.

CVD has different risk factors. Of these, the average
cholesterol level of a particular population is a very im-
portant factor that determines the ASCVD risk of that
population [2]. Previous prospective observational studies
revealed that the relationship between serum cholesterol and
CHD is a continuously graded one rather than just a
threshold one and the risk gradient to be continuous over the
whole range of cholesterol concentrations [3]. A study done
in Shanghai, China, suggested that cholesterol is still an
important cause of CHD, where the mean baseline serum
cholesterol concentration is considered a normal or low
concentration by the western standards [4]. A study con-
ducted in India revealed that low serum cholesterol has a
strong positive relationship with coronary artery disease. It
did not show any evidence of a threshold. It concluded that
there might be a benefit if serum cholesterol is decreased
below the range of what is considered desired in developed
nations [5]. Hence, it is essential to study the effect of
cholesterol-lowering on cardiovascular prevention in pop-
ulations with low mean cholesterol.

Among the different types of cholesterol, low-density
lipoprotein cholesterol (LDL-C) plays a crucial role in the
development of ASCVD. LDL-C is responsible for the de-
velopment and progression of atheroma and plaque, which
upon rupture results in catastrophic cardiovascular events
(CVEs) [2]. Statins are cholesterol-lowering drugs that re-
duce LDL-C concentration by decreasing its synthesis in the
liver and increasing its removal from the circulation [6].
There is clear cut evidence of statins in the prevention of
cardiovascular events (CVEs) or mortality in those who had
prior CVD and those with high cholesterol but without prior
CVD. In these populations, the benefits could be well
explained by the cholesterol-lowering effect of statins as well
as a group of “cholesterol-independent” or “pleiotropic”
effects, which includes improvement in the functioning of
endothelial cells, increased stability of atherosclerotic pla-
ques, reduced oxidative stress and inflammation, inhibition
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of vascular smooth muscle proliferation, and platelet ag-
gregation [7]. However, there is limited evidence of the role
of statins in the prevention of cardiovascular disease and
mortality in the population with average cholesterol in the
near-optimal (LDL-C: 100 to 129 mg/dl) to borderline high
(LDL-C: 130 to 159 mg/dl) range.

The main objective of this meta-analysis was to analyze
the benefits and harms of treating the population without
CVD, with mean LDL-C in the near-optimal to borderline
high range, and provide clear evidence about its role in this
population to the scientific community. This meta-analysis,
based on primary preventive randomized controlled trials
(RCTs) of statins, will be helpful for guideline makers and
clinicians to know the effects of treating the population with
statins for primary prevention of cardiovascular disease and
mortality, even though the population has mean LDL-C in
the near-optimal to borderline high range.

2. Methods

We followed the guidelines of the Preferred Reporting Items
for Systematic reviews and Meta-Analyses (PRISMA 2009)
for conducting the meta-analysis [8].

2.1. Study Protocol. We did preliminary searches and lit-
erature reviews on our research question. We then prepared
our protocol according to the guidelines of the Preferred
Reporting Items for Systematic Review and Meta-Analysis
Protocols 2015 (PRISMA-P 2015). We published our pro-
tocol at the Research Registry on July 13, 2020, with a unique
identifying number: reviewregistry946.

2.2. Search Strategy. We used electronic databases like
PubMed, Cochrane Library, PubMed Central (PMC), and
Google Scholar for searching relevant articles to answer our
research question from January 1, 1994, to July 2020. We
customized our search to include any clinical trial or review
articles that had stated the role of statins in the primary
prevention of cardiovascular events or mortality. We
searched for English language studies conducted in human
subjects. The search strategies for different electronic da-
tabases are shown in Supplementary Material 1.

2.3. Study Selection. After we completed our search, we
imported all articles in the Mendeley software. We removed
the duplicates in the Mendeley software and exported the
file. This file was then imported into the Covidence software.
The Covidence software removed duplicates as well. Two
reviewers (B. M. S. and H. K. L.) independently screened the
articles based on their titles and abstracts. The same re-
viewers again did full-text screening independently. Titles,
abstracts, and full-text screening were done using the
Covidence software. All conflicts were resolved by other
authors (P. A. and S. S. S.). At every step, we used our el-
igibility criteria to screen and finally selected the studies
included in our meta-analysis. The inclusion criteria were as
follows: (i) randomized clinical trial comparing statin with
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placebo, standard therapy or no treatment; (ii) follow-up of
at least one year; (iii) >90% of participants free of CVD to
ensure the treatment effect on the primary prevention
population or studies reporting data separately in the sub-
group who did not have CVD and provide specific numbers
for participants and events in that subgroup; (iv) average
LDL-C of participants between 100 and 159 mg/dl; (v) at
least 100 participants in the intervention group; and (vi)
studies reporting one or more of the following outcomes:
cardiovascular events (CVEs), coronary heart disease (CHD)
events or death, all-cause mortality, unstable angina, acute
myocardial infarction (fatal or nonfatal), stroke or transient
ischemic attack (fatal or nonfatal), surgical or percutaneous
revascularization, and heart failure. The exclusion criteria
were as follows: (i) studies not involving RCT; (ii) studies
that investigated and reported only statin-related nonclinical
and intermediate surrogate endpoints such as carotid in-
tima-media thickness changes, lipid levels, or angiographic
outcomes; (iii) studies done on specific groups like late
chronic kidney disease (CKD), renal transplant, hemodi-
alysis, human immunodeficiency virus (HIV), or aortic
stenosis patients; (iv) studies done on diabetic patients with
glycated hemoglobin (HbA1C) >12%, participants whose
predicted 10-year risk of a major coronary event or stroke
exceeded approximately 20%, and studies that prescreened
participants for atherosclerosis using ultrasound; (v) lack of
a statin-free control group in the study design, compared
with high- to low-dose statins; and (vi) studies not reporting
the proportion of participants free of CVD. Because of our
LDL-C criteria, we also excluded studies done in subjects
with familial hyperlipidemia.

2.4. Data Extraction. We extracted the following data from
the studies included in our meta-analysis: (i) year of pub-
lication; (ii) participants in statins and control groups; (iii)
duration of follow-up; (iv) percentage of participants with
prior CVD; (v) participant characteristics like mean age,
percentage of diabetes, percentage of the current smoker,
percentage of women, mean BMI, race, and mean SBP/DBP;
(vi) type and the dose of statin; (vii) mean baseline level of
total cholesterol (TC), LDL-C; (viii) the percentage of
participants with a family history of premature CHD; (ix)
target population; (x) study design; (xi) method and mode of
statistical analysis; (xii) endpoints of study; and (xiii) adverse
events noted among participants. We also extracted the data
for the different predetermined outcome measures. Three
reviewers (B. M. S., H. K. L., and D. B. S.) extracted the data
independently, and any conflicts during the process of data
extraction were resolved by other authors (P. A.and S. S. S.).

2.5. Outcome Measures. Primary outcomes were myocardial
infarction (MI), major cerebrovascular and coronary events,
all-cause mortality, composite cardiovascular outcomes,
CHD mortality, cardiovascular mortality, muscle-related
adverse events, the incidence of any cancer, and incidence of
diabetes. Secondary outcomes were revascularizations, an-
gina, hospitalizations for cardiovascular causes, withdrawal

from the drug due to adverse events, serious adverse events,
fatal cancer, and liver enzyme abnormalities.

2.6. Quality Assessment. We assessed the quality of the in-
cluded studies by using the Cochrane quality assessment tool
for RCTs [9]. We analyzed the risk of bias in each RCT using
the risk of bias 2 (RoB 2) tool under the following headings:
random sequence generation (selection bias), allocation
sequence concealment (selection bias), blinding of partici-
pants and personnel (performance bias), blinding of out-
come assessment (detection bias), incomplete outcome data
(attrition bias), selective outcome reporting (reporting bias),
and other potential sources of bias. Depending on the risk of
bias, the tool rated RCTs as “Low risk,” “Unclear risk,” and
“High risk.” Two reviewers (B. M. S. and H. K. L.) inde-
pendently assessed the risk of bias using the RoB 2 tool. Any
disagreements were resolved by other authors (P. A. and S. S.
S.).

2.7. Statistical Analyses. We calculated the risk ratios (RR),
odds ratio (OR), and 95% confidence interval (CI) of the
events occurring in the statin and placebo groups according
to predefined outcomes in our protocol. Statistical analysis
was done using the RevMan 5.4 software. We used the
Mantel-Haenszel statistical method to measure the effect
size. We used the fixed/random-effects model for the
pooling of studies as per the heterogeneity. We assessed the
heterogeneity using the I-squared (I”) test and used the
Cochrane Handbook for Systematic Reviews of Interven-
tions for interpretation of I-squared (1) test as follows: “0%
to 40%: might not be important; 30% to 60%: may represent
moderate heterogeneity; 50% to 90%: may represent sub-
stantial heterogeneity; 75% to 100%: considerable hetero-
geneity.” When significant heterogeneity was present, we
explored the reasons by analyzing the clinical characteristics
of participants, study design, and interventions of the in-
cluded RCTs. We also tried to explain the heterogeneity in
the outcomes by performing sensitivity analysis wherever
possible. We did an additional sensitivity analysis to de-
termine the influence on the effect size of the outcomes
based on the following criteria: (i) repeating the analysis
separately for the population with mean LDL-C in the near-
optimal and borderline high range, (ii) repeating the analysis
separately for trials with participants >3000 and <3000, (iii)
repeating the analysis separately for trials with adequate and
inadequate randomization, (iv) repeating the analysis sep-
arately for trials with blinded and unblinded participants,
and (v) repeating the analysis separately for trials with av-
erage follow-up >3.5 years and <3.5 years. We checked for
publication bias by drawing a funnel plot for the outcomes
that included ten or more RCTs. We visually examined any
asymmetry of the funnel plot.

2.8. Strength of the Body of Evidence. We assessed the quality
of evidence for important outcomes using the Grading of
Recommendations Assessment, Development, and Evalua-
tion (GRADE) approach. We evaluated the quality of



evidence across the domains of risk of bias, consistency,
directness, precision, and publication bias. We assessed the
strength of evidence of important outcomes using GRA-
DEpro GDT software. Based on the results, we graded our
confidence in the estimate of effect size for outcomes as high
(further research unlikely to change our confidence),
moderate (further research can have an important impact),
low (further research is very likely to have an important
impact), or very low (very uncertain in the estimate of
effect).

3. Results

3.1. Search Results. Our search strategy initially identified
16575 articles (5362 from PMC, 4911 from PubMed, 5002
from Cochrane Library, 1297 from Google Scholar, and 3
articles from the clinical conference). We imported all ar-
ticles to the Mendeley software. We removed 450 duplicate
articles and 1126 irrelevant articles using the Mendeley
software. We imported 14999 articles into the Covidence
software. Covidence software removed 235 duplicates. We
screened 14764 articles by title and abstract and removed
13848 irrelevant articles. We selected 916 articles for full-text
screening. We used the Covidence software for title, abstract,
and full-text screening. The values of the proportionate
agreement for the title, abstract, and full-text screening were
0.95 and 0.99, respectively. We obtained the full text of 916
articles and checked their eligibility based on the inclusion
and exclusion criteria in the protocol. We excluded 905
articles that could not fit in our eligibility criteria, and finally,
11 RCTs were included for both qualitative and quantitative
analyses [10-20]. Figure 1 shows the PRISMA flow diagram
of the study search process.

3.2. Characteristics of Included Trials. Eleven RCTs with
58504 participants (29235 in the statin group and 29269
controls) were included: HYRIM [10] (Hypertension High-
Risk Management trial), PREVEND IT [11] (Prevention of
Renal and Vascular Endstage Disease Intervention Trial),
Beishuizen et al. [12], CARDS [13] (Collaborative Ator-
vastatin Diabetes Study), AFCAPS/TexCAPS [14] (Air
Force/Texas Coronary Atherosclerosis Prevention Study),
ALLHAT-LLT [15] (Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack), TRACE RA [16] (Trial
of Atorvastatin for the primary prevention of Cardiovascular
Events in Rheumatoid Arthritis), MEGA [17] (Management
of Elevated Cholesterol in the Primary Prevention Group of
Adult Japanese), JUPITER [18] (Justification for the Use of
Statins in Prevention: An Intervention Trial Evaluating
Rosuvastatin), PROSPER [19] (PROspective Study of
Pravastatin in the Elderly at Risk), and HOPE-3 trial [20]
(Heart Outcomes Prevention Evaluation). The shortest
follow-up was in JUPITER [18] with a median of 1.9 years,
and the longest follow-up was in the HOPE-3 trial [20] with
a median of 5.6 years. Supplementary Table 1 shows the
information regarding the baseline demographic charac-
teristics of the participants, along with the interventions
used in the included trials. Supplementary Table 2 presents
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the study design and the target population of the different
trials included in this quantitative analysis.

3.3. Risk of Bias Assessment. All eleven trials were fully or
partially supported by different pharmaceutical companies.
Two trials, ALLHAT-LLT [15] and MEGA [17], did not
blind the participants and study personnel. Two trials,
AFCAPS/TexCAPS [14] and HYRIM [10], did not clearly
report the randomization sequence and allocation con-
cealment. In Beishuizen et al., there was a significant loss to
follow-up [12]. Not all adverse events were reported by the
MEGA trial [17]. Figure 2 shows the quality of the included
trials assessed by the risk of bias 2 (RoB 2) tool [9].

3.4. Primary Outcomes

3.4.1. Myocardial Infarction. This is the composite outcome
that included any MI, fatal MI, or nonfatal MI. Six trials
[13,14,16-18,20] reported this outcome. In total, these trials
had 50784 participants, which represented 86.8% of the
population of all included trials. AFCAPS/TexCAPS [14]
reported fatal and nonfatal MI, CARDS [13] reported oc-
currence of the first event as fatal or nonfatal MI, HOPE-3
[20] reported MI, JUPITER [18] reported any MI, MEGA
[17] reported MI, and TRACE RA [16] reported only
nonfatal MI. CARDS [13] reported fatal MI and nonfatal MI
separately based on the occurrence of the first event. During
the follow-up period, 194/25364 (0.76%) developed MI in
the statin group compared with 346/25420 (1.36%) in the
control group. Participants in the statin group had a lower
occurrence of MI in comparison with those of the control
group (RR=0.56, 95% CI: 0.47 to 0.67, I’ =0%), as can be
seen in Figure 3.

3.4.2. Major Cerebrovascular Events. This composite out-
come included any stroke, fatal or nonfatal stroke collec-
tively. Nine trials [11,13-20] reported this outcome. In total,
these trials had 57754 participants, which represented 98.7%
of the population of all included trials. AFCAPS/TexCAPS
[14] reported fatal and nonfatal stroke, ALLHAT-LLT [15]
reported fatal and nonfatal stroke, CARDS [13] reported
strokes, HOPE-3 [20] reported stroke, JUPITER [18] re-
ported any stroke, MEGA [17] reported stroke, PREVEND
IT [11] reported hospitalization for cerebrovascular acci-
dent, PROSPER [19] reported fatal and nonfatal stroke, and
TRACE RA [16] reported presumed ischemic stroke. During
the follow-up period, 329/28849 (1.14%) developed stroke in
the statin group compared with 419/28905 (1.45%) in the
control group. Participants in the statin group had a sig-
nificantly lower occurrence of stroke in comparison with
those of the control group (RR=0.78, 95% CI: 0.63 to 0.96,
I*=47%), as can be seen in Figure 4.

3.4.3. Major Coronary Events. This outcome was defined as
coronary heart disease (CHD) death and nonfatal MI. Eight
trials [13-20] reported this outcome. In total, these trials had
56890 participants, which represented 97.2% of the
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population of all included trials. During the observation
period, 437/28416 (1.54%) participants developed major
coronary events in the statin group compared with 623/
28474 (2.19%) in the control group. Remarkably, partici-
pants in the statin group had a lower occurrence of major
coronary events in comparison with those of the control
group (RR=0.67, 95% CI: 0.57 to 0.80, I” = 44%), as can be
seen in Supplementary Material 4 (Supplementary Figure 1).

3.4.4. Composite Cardiovascular Outcome. This outcome
included the primary endpoints of most of the trials included
in the meta-analysis. However, Beishuizen et al. [12] and

HYRIM [10] had nonclinical outcomes as their primary
endpoints. ALLHAT-LLT [15] primary preventive analysis
did not report outcomes as primary and secondary out-
comes. We included acute coronary events in the composite
outcome for CARDS [13], as the trial reported a subgroup
analysis based on age for this outcome. All eleven trials
[10-20] reported this outcome. In total, these trials had
58504 participants. Significant heterogeneity (I* = 55%) was
seen in this outcome, so sensitivity analysis was done for this
outcome. During the follow-up period, 956/29235 (3.27%)
participants developed composite cardiovascular outcomes
in the statin group compared with 1331/29269 (4.55%) in the
control group. A remarkable difference existed in both
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groups, and statins exhibited an apparent decrease in the
occurrence of composite cardiovascular outcome (RR=0.71,
95% CI: 0.62 to 0.82), as can be seen in Supplementary
Material 4 (Supplementary Figure 2).

3.4.5. CHD Mortality. This outcome was defined as fatal M1,
other acute CHD deaths, coronary deaths, or fatal CHD
events. Five trials [13-17] reported this outcome. In total,
these trials had 23144 participants, which represented 39.6%
of the population of all included trials. During the study
period, 84/1156 (0.73%) died due to coronary heart disease
compared to 95/11575 (0.82%) in the control group. The
meta-analysis revealed that there was no statistically sig-
nificant difference in CHD mortality between the statin and
control groups (RR =0.86, 95% CI: 0.64 to 1.15, F=0%), as
can be seen in Supplementary Material 4 (Supplementary
Figure 3).
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3.4.6. Cardiovascular Mortality. 'This outcome was defined
as death from any cardiovascular causes during the follow-
up period. Eight trials [11,13-18,20] reported deaths due to
cardiovascular causes. In total, these trials had 54515 par-
ticipants, which represented 93.2% of the population of all
included trials. The trials included in this outcome had
follow-ups ranging from a median of 1.9 years (JUPITER)
[18] to a median of 5.6 years (HOPE-3 trial) [20]. During the
study period, 341/27264 (1.25%) died due to cardiovascular
causes in the statin group compared with 377/27251 (1.38%)
in the control group. There was no statistically significant
difference in cardiovascular death between the statin and
control groups (RR=0.90, 95% CI: 0.78 to 1.04, =0%), as
can be seen in Figure 5.

3.4.7. All-Cause Mortality. This outcome was defined as
death from any cause during the follow-up period. All eleven
trials [10-20] reported all-cause mortality. In total, these
trials had 58504 participants. The duration of follow-up
ranged from a median of 1.9 years to a median of 5.6 years.
During the observation period, 1169/29235 (3.99%) died in
the statin group compared with 1259/29269 (4.30%) in the
control group. The meta-analysis did not reveal any sta-
tistically significant difference in all-cause mortality between
the statin and control groups (RR=0.92, 95% CI: 0.83 to
1.02, I = 25%), as can be seen in Figure 6.

3.4.8.  Muscle-Related =~ Adverse  Events. Six  trials
[12-14,16,18,20] reported myalgia. In total, trials reporting
myalgia had 43134 participants, which represented 73.7% of
the population of all included trials. Four trials [10,13,14,17]
reported creatine kinase (CK) elevation 10 or more than 10
times the upper limit of normal. In total, trials reporting
creatine kinase (CK) elevation had 17264 participants, which
represented 29.5% of the population of all included trials.
Three trials [14,18,20] reported rhabdomyolysis. In total,
trials reporting rhabdomyolysis had 37112 participants,
which represented 63.4% of the population of all included
trials. Three trials [13,18,20] reported myopathy (muscle
symptoms + CK > 10 times the upper limit of normal). In
total, trials reporting myopathy had 33365 participants,
which represented 57% of the population of all included
trials. As shown in Supplementary Material 4 (Supple-
mentary Figure 4), there were no statistically significant
differences in the muscle-related adverse events between the
statin and control groups.

3.4.9. Incidence of Any Cancer. Eight trials [12-18,20] re-
ported the occurrence of any cancer among the participants.
In total, these trials had 53830 participants, which repre-
sented 92% of the population of all included trials. 1168/
26931 (4.34%) participants in the statin group reported
cancer compared with 1204/26899 (4.48%) in the control
group. The meta-analysis did not reveal any statistically
significant difference in the cancer incidence between the
statin and control groups (RR=0.97, 95% CI: 0.89 to 1.05,
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FIGURE 4: The occurrence of major cerebrovascular events in the included trials.
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FIGURE 5: The occurrence of cardiovascular mortality in the included trials.

I*=0%), as shown in Supplementary Material 4 (Supple-
mentary Figure 5).

3.4.10. Incident Diabetes. Four trials [14,17,18,20] reported
the incidence of diabetes mellitus among the participants. In
total, these trials had 42804 participants, which represented

73.2% of the population of all included trials. 746/21369
(3.49%) participants in the statin group reported diabetes
compared with 680/21435 (3.17%) participants in the control
group. The meta-analysis did not show any statistically
significant difference between the statin and control groups
in the occurrence of diabetes mellitus (RR =1.10, 95% CI:
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FIGURE 6: The occurrence of all-cause mortality in the included trials.

0.99 to 1.22, ’=6%), as can be seen in Supplementary
Material 4 (Supplementary Figure 5).

3.5. Secondary Outcomes

3.5.1. Revascularizations. This outcome is comprised of
revascularizations, coronary revascularizations, or arterial
revascularization. Seven trials [13,14,16-20] reported re-
vascularizations. In total, these trials had 54023 participants,
which represented 92.3% of the population of all included
trials. During the follow-up period, 342/26949 (1.27%)
participants underwent revascularization procedures in the
statin group compared to 533/27074 (1.97%) participants in
the control group. Participants in the statin group had a
significantly lower occurrence of revascularization proce-
dures compared with those in the control group (RR =0.65,
95% CI: 0.57 to 0.74, I’=0%), as can be seen in Supple-
mentary Material 4 (Supplementary Figure 6).

3.5.2. Angina. This is the composite outcome that included
unstable angina, hospitalization for unstable angina, or angina.
Five trials [13,14,17,18,20] reported angina. In total, these trials
had 47782 participants, which represented 81.7% of the pop-
ulation of all included trials. During the study period, 185/
23860 (0.78%) participants in the statin group developed an-
gina compared with 244/23922 (1.02%) in the control group.
Participants in the statin group had a significantly lower in-
cidence of angina compared with those in the control group
(RR=0.76, 95% CI: 0.63 to 0.92, I =0%), as can be seen in
Supplementary Material 4 (Supplementary Figure 7).

3.5.3. Hospitalization for Cardiovascular Causes. Three trials
[11,18,20] reported data for hospitalization due to cardio-
vascular causes. In total, these trials had 31371 participants,
which represented 53.6% of the population of all included
trials. During the study period, 305/15695 (1.94%) partici-
pants in the statin group were hospitalized for cardiovas-
cular causes compared with 411/15676 (2.62%) in the control

group. Remarkably, participants in the statin group had
significantly lower hospitalization compared with those in
the control group (RR=0.74, 95% CI: 0.64 to 0.86, P=0%),
as can be seen in Supplementary Material 4 (Supplementary
Figure 8).

3.5.4. Withdrawal of Drug due to Adverse Events. Six trials
[11,13,14,16,17,20] reported the withdrawal of the drug due
to adverse events. In total, these trials had 33846 partici-
pants, which represented 57.9% of the population of all
included trials. 1417/16896 (8.39%) participants in the statin
group withdrew the drug compared with 1521/16950
(8.97%) participants in the control group. There was no
statistically significant difference between the statin and
control groups in the withdrawal of the drug due to adverse
events, but significant heterogeneity was present (RR=0.91,
95% CI: 0.69 to 1.18, I*=90%), as can be seen in Supple-
mentary Material 4 (Supplementary Figure 5).

3.5.5. Serious Adverse Events. Five trials [13,14,16,18,20]
reported serious adverse events. In total, these trials had
42952 participants, which represented 73.4% of the pop-
ulation of all included trials. 2615/21498 (12.16%) partici-
pants had serious adverse events in the statin group
compared with 2639/21454 (12.30%) participants in the
control group. The meta-analysis did not reveal any dif-
ference in serious adverse events between the statin and
control groups (RR=0.99, 95% CI: 0.95 to 1.04, P =0%), as
can be seen in Supplementary Material 4 (Supplementary
Figure 5).

3.5.6. Fatal Cancer. Four trials [13,14,18,20] reported fatal
cancer. In total, these trials had 39950 participants, which
represented 68.3% of the population of all included trials.
During the observation period, 211/19994 (1.06%) partici-
pants had fatal cancer in the statin group compared with
236/19956 (1.18%) in the control group. However, there was
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no statistically significant difference in fatal cancer between
the statin and control groups (RR=0.87, 95% CI: 0.61 to
1.23, I =66%), as can be seen in Supplementary Material 4
(Supplementary Figure 5).

3.5.7. Liver Enzyme Abnormalities. This outcome was de-
fined as AST/ALT elevation two or more than two times the
upper limit of normal. Six trials [12-14,16-18] reported liver
enzyme abnormalities. In total, these trials had 38146 par-
ticipants, which represented 65.2% of the population of all
included trials. 256/19044 (1.34%) participants in the statin
group had liver enzyme abnormalities compared with 215/
19102 (1.13%) participants in the control group. The meta-
analysis did not reveal any statistically significant difference
in liver enzyme abnormalities between the statin and control
groups (RR =1.20, 95% CI: 1 to 1.43, I’ = 0%), as can be seen
in Supplementary Material 4 (Supplementary Figure 5).

3.6. Sensitivity Analyses. We did a sensitivity analysis based
on the number of participants (>3000 and <3000), duration
of follow-up (>3.5 years and <3.5 years), randomization
status in the study (adequate and inadequate), the blinding
status of participants (blinded and unblinded), and mean
LDL-C of participants (near-optimal and borderline high
range), as shown in Supplementary Material 3 (Supple-
mentary Table 3). We found the estimate of effect size to be
homogenous across all these groups except for the outcomes,
major cerebrovascular events, and all-cause mortality. The
effect size of these outcomes was remarkably significant for
the group of trials where the mean LDL-C of participants
was in the near-optimal range (100-129 mg/dl). We created a
group that included trials or subgroups of trials where all
participants had LDL-C <160mg/dl and calculated the
pooled estimate of risk ratio (RR). We found the risk ratio to
be statistically significant for the following outcomes:
composite cardiovascular outcome, MI, major cerebrovas-
cular events, major coronary events, all-cause mortality, and
revascularizations.

We created a group to include trials or subgroups of
trials where all participants had diabetes and calculated the
pooled estimate of risk difference (RD), as shown in Sup-
plementary Material 3 (Supplementary Table 4). MI, major
cerebrovascular events, major coronary events, and all-cause
mortality were the outcomes that had statistically significant
risk differences. We then compared the point of the estimate
of RD for these outcomes with the point of the estimate of
RD for the corresponding outcomes of all trials and found a
greater effect in the diabetic group.

Among the different systemic inflammation mediators,
C-reactive protein (CRP) has been widely accepted as a
potential independent risk indicator of future cardiovascular
events [21]. Hence, we created a group that included JU-
PITER [18] (where all the participants had high-sensitivity
CRP >2mg/L), the HOPE-3 trial [20] subgroup (where all
the participants had high-sensitivity CRP >2mg/L) [20],
and TRACE RA [16] (where all the participants had in-
flammatory condition Rheumatoid arthritis), as shown in
Supplementary Material 3 (Supplementary Table 4).

Therefore, all participants in this group were at an increased
risk of CVD. We calculated the pooled estimate of RD for
this group, and the effect size was significant for the fol-
lowing outcomes: composite cardiovascular outcome, MI,
major cerebrovascular events, major coronary events, all-
cause mortality, and revascularizations. On comparing the
point of the estimate of RD for these outcomes with the point
of the estimate of RD for the corresponding outcomes of all
trials, we found a superior effect estimate for major cere-
brovascular events and all-cause mortality.

3.7. Publication Bias. We assessed publication bias by con-
structing a funnel plot for the outcomes that included ten or
more trials. Therefore, we created a funnel plot for the
composite cardiovascular outcome and all-cause mortality.
We checked for publication bias by examining the shape of
the funnel plot for any asymmetry. Supplementary Material 4
(Supplement Figure 9) shows the funnel plot for the com-
posite cardiovascular outcome, and Figure 7 shows the funnel
plot for all-cause mortality.

3.8. GRADE of Evidence. We assessed the quality of evidence
for important outcomes via the GRADE approach using
GRADEpro GDT software. Most outcomes had moderate
scores. Others had high scores, and one outcome had a low
score. Inconsistency, lack of reporting of outcome in some
trials, and an imprecise estimate of effect size were the
reasons for moderate and low scoring. The GRADE quality
of summary evidence for important outcomes is shown in
Supplementary Material 3 (Supplementary Table 5).

4. Discussion

We performed a meta-analysis of 11 randomized controlled
trials to find evidence on the role of statins in primary
prevention of atherosclerotic cardiovascular disease and
mortality, and harms in a population whose baseline average
LDL-C ranged from near-optimal to borderline high levels
in standard practice. Meta-analyses of statin trials have
shown benefits for mortality, cardiovascular diseases, and
procedures [22,23]. Existing guidelines adapted to the evi-
dence from the included trials and recommended statins in
the primary prevention of cardiovascular disease, not lim-
iting statins as a lipid-lowering agent [24]. Primary pre-
vention trials and meta-analyses provide evidence in favor of
statins [25-30]. However, existing meta-analyses included
trials where greater than 10% of the population had car-
diovascular disease or subclinical atherosclerosis or had a
baseline mean LDL-C from near-optimal to high levels
[25-30]. A meta-analysis that included both primary and
secondary prevention trials showed total and cardiovascular
mortality benefit in baseline LDL-C greater than 100 mg/dl
[22]. A knowledge gap exists on the primary preventive role
of statins in populations with baseline average LDL-C in the
near-optimal to borderline high range. We included a new
trial [16] to find up-to-date evidence and analyzed trials
where near all populations are free from prior cardiovascular
diseases and with a mean baseline LDL-C less than 160,
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FiGUure 7: Funnel plot for all-cause mortality.

among which, two trials and a subgroup of a trial included all
participants with LDL-C less than/equal to 160 mg/dl.

We found a reduction in cardiovascular diseases and
revascularization procedures without an increase in adverse
events. Our findings are consistent with other meta-analyses,
except for Chen et al. [25], who did not find statin therapy to
reduce coronary revascularizations. Statin therapy did not
reduce all-cause mortality, cardiovascular mortality, and
CHD mortality. Only the JUPITER trial [18] found a sig-
nificant risk reduction in all-cause mortality. Other meta-
analyses had inconsistent evidence regarding all-cause
mortality; Chou et al. [26], Brugts et al. [30], and Taylor et al.
[28] reported in favor of statin therapy, whereas Chen et al.
[25], Thavendiranathan et al. [29], and Li et al. [27] reported
no significant effect. Chou et al. [26] and Thavendiranathan
et al. [29] found that statins reduced cardiovascular mor-
tality, but Li et al. [27] found inconsistent evidence, where
the significant reduction seen in the fixed-effect analysis was
lost in random-effects analysis. We suggest no benefit of
statin therapy on reducing cardiovascular mortality in a
population with baseline average LDL-C in near-optimal to
borderline high range, which is consistent with nine trials
that reported the outcome. Statins did not reduce CHD
mortality, which is supported by six trials that reported the
outcome and meta-analysis by Thavendiranathan et al. [29]
and Li et al. [27].

The JUPITER trial [18] showed an increased risk of type
II diabetes mellitus and decreased risk of fatal cancer. The
HOPE-3 trial [20] showed an increased risk of myalgia, but
Beishuizen et al. [12] showed a decreased risk. The CARDS
trial [13] showed a decreased risk of creatine kinase eleva-
tion. We found no risk of any adverse events with statin
therapy, with heterogeneity seen in myalgia, liver enzyme
abnormalities, or fatal cancer. Other meta-analyses
[25,26,29,30] support our findings, whereas Taylor et al. [28]
and Li et al. [27] oppose our findings and support the
JUPITER trial [18] that found an increased risk of diabetes
mellitus. Withdrawal due to adverse events was not asso-
ciated with statin therapy, but significant heterogeneity was
present. The MEGA trial [17] found increased withdrawal in
the statin group, and the HOPE-3 trial [20] found increased
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withdrawal in the control group. Our finding is consistent
with the findings of Chou et al. [26].

In the sensitivity analysis, statin therapy remained
consistent in reducing composite cardiovascular outcomes
and myocardial infarction irrespective of participant’s
number, quality of trials (randomization or blinding),
baseline mean LDL-C, and duration of statin therapy.
However, the number of participants was determining for
few outcomes like major cerebrovascular events, revascu-
larizations, and angina, where trials with less than 3000
participants did not show any benefit, which remained
consistent in pooled estimates of those trials. Quality of trials
was important for few outcomes because trials with mod-
erate quality (unclear randomization and unblinding) could
not demonstrate a reduction in major cerebrovascular
events, major coronary events, and angina, but our pooled
estimate showed clear benefit. Shorter trials (less than 3.5
years) failed to demonstrate the benefit of statins in major
cerebrovascular events, major coronary events, and angina,
but our pooled estimate showed a clear benefit. However, the
benefits evident in reducing all-cause mortality in larger
trials (>3000 participants) and good quality trials (blinding)
are questionable because our pooled estimate did not find a
benefit. The JUPITER [18], a successful primary prevention
trial, and meta-analyses by Chou et al. [26], Brugts et al. [30],
and Taylor et al. [28] also oppose our findings and provide
evidence of all-cause mortality reduction. Thus, the benefit
of statins in reducing all-cause mortality remains incon-
sistent and warrants larger (>3000) and high-quality trials to
find better evidence. CHD mortality reduction was shown in
the ALLHAT-LLT trial [15] and MEGA trial [17], but both
trials were unblinded, so the benefit is still questionable
because our meta-analysis did not find it to be true.

Our analysis of trials or subgroups of trials that included all
participants with diabetes mellitus was consistent with our
overall pooled estimate, but the risk reduction in MI, major
cardiovascular events, and major coronary events was superior
in diabetic populations. In addition, all-cause mortality re-
duction was evident in the diabetic population that was not
present in our overall meta-analysis of the included trials. Thus,
all-cause mortality reduction is evident with statin therapy in
the diabetic population. As opposed to our findings, the benefit
of composite cardiovascular outcome was not seen in the di-
abetic population, but significant heterogeneity was present,
making the finding questionable. The lack of benefit of re-
vascularizations and angina in the diabetic population could be
due to only CARDS [13], contributing to the finding, which
lacked power because of only 2838 participants with 58 and 16
events in revascularizations and angina, respectively; our pooled
estimate of trials with participants below 3000 also could not
find significance in revascularization and angina reduction. The
benefit of statin therapy in reducing MI evident in our meta-
analysis is consistent in the diabetic population, which is
considered a clear ASCVD risk factor by current guidelines [24].
The benefit of reducing CHD mortality in the diabetic pop-
ulation opposed our findings and showed that statin has a
benefit in CHD mortality in the diabetic population.

In our analysis of trials or subgroup of trials where all
participants had increased risk of CVD based on high-
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sensitivity C-reactive protein (hs-CRP) >2 mg/L (JUPITER
[18] and the subgroup of HOPE-3 trial [20]) and participants
having Rheumatoid arthritis (TRACE RA [16]), the findings
are consistent to our meta-analysis findings with superior
risk reduction compared to overall population with an
additional benefit in reducing all-cause mortality, except that
the benefit in reducing angina was lost, for which only
JUPITER [18] contributed, which terminated early with
median 1.9 years; it is consistent with our finding that
shorter trials (<3.5 years follow-up) failed to show benefit in
angina reduction. Hs-CRP is acknowledged as an ASCVD
risk factor in current guidelines, and our findings of benefit
in this population are consistent with the guidelines [24].

In our analysis of trials or subgroups of trials with all
participants having LDL-C <160 mg/dl, our findings are
consistent and with superior risk reduction in this pop-
ulation. An additional benefit of all-cause mortality is
present in this population as opposed to our findings of the
overall analysis. The loss of angina benefit is probably due to
the CARDS trial [13] having less than 3000 population and
JUPITER trial [18] having <3.5-year follow-up, which is
consistent with our analysis of angina being affected by
participant number in trials (below 3000) and study duration
(less than 3.5 years). People of south Asian ancestry are
already acknowledged as an ASCVD risk enhancer, and we
found the benefit of statin therapy in participants with
baseline LDL-C <160 mg/dl. The current guidelines rec-
ommend statin therapy after assessment of 10-year ASCVD
risk in the south Asian ethnic group with LDL-C > 70 mg/dl
and <190 mg/dl. The recommendation needs consideration
for this ethnic group because the population in south Asian
regions has mean cholesterol lower than the western stan-
dards [5], so they might be deprived of the benefits of statins,
considering the evidence of the cardiovascular benefit of
statins in the LDL-C range 100 to 159 mg/dl in our meta-
analysis.

Mean cholesterol among different populations differs
significantly, and of many factors, diet is the major one.
Populations where there is high consumption of saturated
fat and lower consumption of polyunsaturated fat have
higher cholesterol levels [2]. Since the relationship between
blood cholesterol level and CVD risk appears to be con-
tinuous without any threshold, if the threshold for “high
cholesterol” is set at over 147 mg/dl, then this could lead to
4.4 million deaths and 40.4 million disability-adjusted life
years (DALYs) worldwide [2].

Cholesterol Treatment Trialists’ (CTT) Collaboration
2010 meta-analysis demonstrated that each 1 mmol/L re-
duction in LDL-C reduces the annual rate of major vascular
events by just over a fifth, and LDL-C reduction by 2-
3 mmol/L would further reduce the risk by about 40-50%
[23]. Hence, CTT Collaboration 2010 meta-analysis estab-
lished LDL-C to be an important risk factor for major
vascular events [23]. The 2019 American College of Car-
diology and American Heart Association (ACC/AHA)
guideline has lipid-based criteria to initiate statin therapy if
LDL-C>190 mg/dl [24]. Still, our meta-analysis found ev-
idence of benefit with no increase in the risk of harm in the
population with LDL-C lower than 190 mg/dl and some
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cardiovascular risk factors. Population with average LDL-C
from near-optimal to borderline high is not getting the
benefit of statin therapy according to the guidelines when
10-year ASCVD risk criteria are not met, which might be
important in the south Asian population who is already
accepted to have enhanced ASCVD risk and a population
whose average LDL-C is low compared to the western
standards [5]. In our meta-analysis, we found overall car-
diovascular benefit in treating the population with baseline
average LDL-C in near-optimal to borderline high range,
and more benefit appears in those having traditional risk
factors of CVD. Hence, further research seems necessary to
analyze cost-effectiveness and risk-benefit ratio to consider
starting statin therapy in a population with mean baseline
LDL-C in near-optimal to borderline high range and low
ASCVD risk according to current guidelines [24]. Also, the
2019 ACC/AHA guidelines have set the criteria to initiate
statin therapy in the age group 20-39 years if a family history
of premature ASCVD and LDL-C>160mg/dl are both
present [24]. However, our meta-analysis showed the overall
cardiovascular benefit in treating the LDL-C range of
100-159 mg/dl, and following these lipid criteria in pop-
ulations where average cholesterol is lower than the western
standard seems to bar these populations from the cardio-
vascular benefit of statins.

5. Limitations

This study has several limitations. We were able to include
only trial-level data. Patient-level data would have enabled
us to include participants free of prior cardiovascular disease
because few trials included participants with prior cardio-
vascular diseases. This study included trials with a baseline
average LDL-C in the study population less than 160 mg/dl,
so participants with even higher baseline LDL-C might have
contributed to the findings, but we did sensitivity analysis of
trials and subgroups of trials with all participants having
LDL-C <160 mg/dl. This study included participants with
heterogeneous cardiovascular risk factors (hypertension,
diabetes, and elevated hs-CRP), which might have con-
tributed to the heterogeneous effect size, but significant
heterogeneity was seen in outcomes: composite cardiovas-
cular outcomes, myalgia, liver enzyme abnormalities,
withdrawal due to adverse events, and fatal cancer. We did a
sensitivity analysis based on participants and study char-
acteristics to check for uniformity in the effect size in dif-
ferent participant cohorts and quality of studies. Statin
therapy in the trials varied in statin type, dosage, or mode of
therapy (fixed or titrated dose) with two trials with high-
intensity statin [16,18], six with moderate-intensity statin
[11-13,15,19,20], and two with low [10,17] and one with a
low- and moderate-intensity statin [14]. Trials in the study
included the population with age greater than 18, and the
mean age of included participants in all trials was above 40,
so this study is limited in finding the benefit in a younger
population less than 40 years of age. We included published
data in the English language only, which could have resulted
in the loss of trials published in other languages. All trials
had some form of pharmaceutical sponsorship, which might
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have led to reporting bias or attrition bias in fewer trials,
especially in adverse events of statin therapy.

6. Conclusions

In this study, we found the benefit of statin therapy in re-
ducing cardiovascular diseases and procedures with no
increased risk of harms in the population with baseline mean
LDL-C in near-optimal to the borderline high range without
prior atherosclerotic cardiovascular disease. However, we
did not find any benefit of statin therapy in reducing car-
diovascular and CHD mortality. The all-cause mortality
benefit was seen in the population with diabetes and in-
creased risk of cardiovascular disease.
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