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Abstract

Background Real-world evidence of statin side effects is
potentially biased because statin use is neither randomized
nor unblinded. An innovative study design can mitigate
these biases. For example, in the recent ASCOT-LLA trial,
patient-reported adverse events such as muscle pain and
weakness were higher in the non-randomized and non-
blinded setting than in the randomized, blinded setting.
Less optimally, secondary re-analysis of clinical trials in
which statin use is recorded and in which serious adverse
events (SAEs) are adjudicated may be conducted.
Objective The objective of this study was to evaluate
SAEs by statin use at baseline among participants in the
SPRINT blood pressure (BP) management trial.

Methods Unadjusted overall SAE and treatment-related
SAE rates by statin use as well as adjusted hazard ratios for
statin use were computed in four cohorts [by baseline
clinical cardiovascular disease (CVD), by intervention
arm].

Results Statin use at baseline was not associated with
higher overall or treatment-related SAE rates among (1)
those without pre-existing CVD, regardless of BP arm, nor
among (2) those randomized to standard BP management,
regardless of pre-existing CVD. Among higher risk
patients with existing clinical CVD randomized to inten-
sive BP management, a small but significant increase in
overall SAE rate was found among those taking statin at
baseline.
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Conclusions In SPRINT, generally statin use was not
associated with increased risk of reporting SAEs. Only
statin use by higher risk patients was associated with more
overall SAEs. Confounding by clinical CVD and the
polytherapy of intensive BP management may explain this.

Key Points

Secondary re-analysis of the SPRINT trial data
suggests that statin use is generally not associated
with increases in serious adverse events except
among higher risk patients.

Secondary re-analyses of randomized clinical trials
are a useful adjunct to primary analysis of
randomized clinical trials, although concerns about
power and data completeness remain.

1 Introduction

Despite consensus guidelines [1], debate continues about
the potential harms from statin use [2]. Much of the case
for harms rests on real-world reported evidence of adverse
events [1-4], although meta-analyses of randomized clin-
ical trials do not support significant increases in serious
adverse events (SAEs) with statin use [5].

However, it is well known that observational reports are
susceptible to two well-known important sources of bias
[6-8]. First, since real-world use of statins is generally not
randomized, unmeasured confounding may bias the rate of
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reported side effects. This is particularly the case where
confounding by indication exists: the indications for statin
prescription are independently associated with side effects,
beyond any potential causeway through statin use. Such
bias is difficult and may be impossible to adjust for [9].

Second, since real-world use of statins is unblinded, an
ascertainment bias may impact the reporting of side effects
[10]. Without the masking of treatment assignments, it is
possible that patients or their physicians wrongly attribute a
side effect to the use of statins [11]. Such an effect is
suggested by the recent Odyssey Alternative trial: one in 16
patients with documented statin intolerance were screened
out during a 4-week placebo run-in period, thereby “sug-
gesting that some patients may experience muscle symp-
toms because of negative expectations surrounding the
potential for statin treatment or for reasons unrelated to
statin therapy” [12].

To tease apart the impact of such biases on reported
statin adverse events, the Anglo-Scandinavian Cardiac
Outcomes Trial—Lipid-Lowering Arm (ASCOT-LLA)
recently compared events in the non-randomized and non-
blinded follow-on phase with events reported in the earlier
randomized, blinded phase [13]. This demonstrated that
patient-reported adverse events such as muscle pain and
weakness were higher in the non-randomized and non-
blinded setting than in the randomized, blinded setting.

In this current study, inspired by the ASCOT-LLA
approach, a secondary analysis of the Systolic Blood
Pressure Intervention Trial (SPRINT) blood pressure (BP)
management trial is conducted. The objective is to under-
stand whether adjudicated SAEs, either deemed related to
BP treatment or not, differed by baseline statin use. The
premise of this study is simply that any such association
between statin use and SAEs is observable in the data. This
study is silent as to possible mechanisms for such effects,
which could be due to statin therapy alone or the interac-
tion between statin therapy and BP management with one
or more classes of BP-lowering medicines.

For example, while short-term imbalances in sodium
and potassium levels are well known to be associated with
diuretic-based BP treatments, one large observational study
of statin use in the UK found significant associations
between statin use and liver dysfunction [12]. Similarly,
while declines in kidney function may occur with the beta
blockers or renin-angiotension system blockers used in BP
management in either arm of SPRINT, the same study
showed higher rates of acute kidney failure among statin
users [12]. Again, while the thiazide diuretics [14, 15] and
beta blockers [16] used in SPRINT are known to increase
diabetes risk, this risk was also found to be associated with
statin use in the Justification for the Use of Statins in Pri-
mary Prevention: an Intervention Trial Evaluating Rosu-
vastatin (JUPITER) trial [17]. In all these examples,

A\ Adis

therefore, whether the SAE was deemed related to the BP
treatment or not, it will be ascertained as an SAE. More-
over, if an interaction occurs between statin therapy and BP
management pharmacological therapy, this would also be
ascertained as an SAE as well.

In another example, far less likely to be due to BP
treatment, cognitive status and glucose tests were explicitly
assessed in all SPRINT participants and reported as an
SAE if abnormal. Cognitive functioning abnormalities and
diabetes have previously been of concern to some as a side
effect of statins [2, 5]; if present, such potential SAEs
would likely have been ascertained. Finally, some possible
rare effects of statins such as rhabdomyolysis or more
common effects such as muscle weaknesses and myalgia, if
unexpected and sufficiently serious, would also have been
reported as an SAE.

Accordingly, I hypothesized that if statins are associated
with SAEs, then comparing overall SAE and treatment-
related SAE rates by statin use would reveal this signal. To
reduce confounding by statin indication, adjustment was
made for baseline characteristics and the main analysis was
restricted to those without baseline cardiovascular disease
(CVD). To reduce confounding from the effect of the BP
intervention, the main analysis was further restricted to
only those randomized to standard BP management.

2 Materials and Methods
2.1 Data Source

The SPRINT BP trial dataset [18] was obtained from the
National Heart, Lung and Blood Institute under an insti-
tutional data use agreement with the Pennsylvania State
University College of Medicine. This study was reviewed
and approved by the Institutional Review Board of the
Penn State College of Medicine, which determined that this
research was not human research, was Health Insurance
Portability and Accountability Act compliant and was
exempt from informed consent requirements.

2.2 Cohort Construction

Patients’ baseline status of documented CVD was ascer-
tained based on the SPRINT criteria of one or more of
previous myocardial infarction, percutaneous coronary
intervention, coronary artery bypass grafting, carotid
endarterectomy or carotid stenting; peripheral artery dis-
ease with revascularization; acute coronary syndrome or
positive cardiac imaging study; at least 50% diameter
stenosis of a coronary, carotid or lower extremity artery; or
abdominal aortic aneurysm more than 5 cm in diameter.
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Patients were randomized in SPRINT to standard or
intensive BP management. Patients randomized to the
standard arm had a systolic target BP of less than
140 mmHg; intensive-arm patients had a target of
120 mmHg. Of the total 9361 participants in SPRINT, the
following four cohorts were created (Table 1). A total of
3746 participants had not been diagnosed with CVD at
baseline and had been randomized to the standard BP
management arm and thus formed the main analytic set.

2.3 Outcome of Interest

The pre-specified main outcomes were overall SAEs and
SAEs classified as possibly or definitely related to the BP
intervention by the SPRINT investigators. In SPRINT, only
some selected SAEs were described separately. These
included hypotension, syncope, bradycardia, electrolyte
abnormalities, injurious fall, and acute kidney injury or
acute renal failure. The overwhelming majority of SAEs
were not separately described except as events that were
fatal or life threatening, resulted in significant or persistent
disability, required or prolonged a hospitalization, or were
an important medical event that the investigator judged to
be a significant hazard or harm to the participant that may
have required medical or surgical intervention to prevent
one of the other SAEs.

2.4 Statistical Analysis

Outcomes were calculated as overall unadjusted event rates
over the median 3.3 years of follow-up by cohort. The
hazard rate for outcomes was also modeled using adjusted
Cox proportional hazard models within each of the four
cohorts. In these Cox models, the effect of statins was
adjusted for 18 baseline characteristics.

All baseline characteristics were ascertained by SPRINT
at baseline: age, gender, body mass index, African-Amer-
ican race, systolic and diastolic BP, current smoker status,
chronic kidney disease, serum creatinine, estimated
glomerular filtration rate, ratio of urinary albumin to cre-
atinine, cholesterol, high-density lipoprotein cholesterol,

glucose, triglycerides, number of BP agents used, whether
no agents were used, and aspirin use.

Estimated 10-year atherosclerotic cardiovascular disease
(ASCVD) risk was calculated in this paper following
published methods [19]. This calculation comprised a non-
linear function of BP treatment status at baseline, race,
gender, and baseline systolic BP and cholesterol, and also
included current smoking status as a baseline risk adjuster.
All data management and analyses were performed on
Stata 14.2 (Stata, Plano, TX, USA).

3 Results

In the main cohort of patients randomized to the standard
BP arm without pre-existing clinical CVD, 38.5% were
taking statins at baseline. Among patients in the standard
BP arm with pre-existing clinical CVD, 69.8% were taking
statins, while among patients in the intensive arm without
or with pre-existing clinical CVD, statin use at baseline
was 35.8 and 69.3%, respectively.

3.1 Unadjusted Results

Without regard to classification as related to treatment,
unadjusted SAE rates in the main cohort were significantly
higher among those taking statins at baseline compared to
those not (37.4 vs 31.9%, p = 0.001). In sensitivity anal-
yses, unadjusted overall SAE rates were also significantly
higher among statin users in the other three cohorts com-
pared to those not taking statins at baseline (Table 2).
The subset of SAEs deemed related to treatment was
small relative to overall SAEs. Unadjusted treatment-re-
lated SAE rates over the trial were slightly but not statis-
tically significantly lower among those taking statins at
baseline compared to those not (2.2 vs 2.4%, p = 0.64). In
sensitivity analyses, statin use at baseline was similarly not
associated with statistically significantly higher treatment-
related SAE rates in the other cohorts examined (Table 3).

Table 1 Cohorts constructed
from SPRINT trial participants

Clinical cardiovascular disease at baseline Subtotals
No Yes
Randomized to BP target
Standard (systolic < 140 mmHg) 3746 (main) 937 (sensitivity) 4683
Intensive (< 120 mmHg) 3738 (sensitivity) 940 (sensitivity) 4678
Subtotals 7484 1877 9361

BP blood pressure
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Table 2 Unadjusted overall serious adverse event rates

Overall serious adverse events (% over trial)

Statin use at baseline No statin use at baseline Unadjusted difference p value
Main cohort: standard arm, no clinical CVD 37.4 31.9 + 5.5 0.0006
Standard arm, clinical CVD 52.5 41.6 + 10.9 0.0022
Intensive arm, no clinical CVD 38.1 33.8 + 4.3 0.008
Intensive arm, clinical CVD 54.3 41.5 + 12.8 0.0003
CVD cardiovascular disease
Table 3 Unadjusted treatment-related serious adverse event rates

Treatment-related serious adverse events (% over trial)

Statin use at baseline No statin use at baseline Unadjusted difference p value
Main cohort: standard arm, no clinical CVD 2.17 2.41 —0.25 0.64
Standard arm, clinical CVD 3.69 2.49 + 1.20 0.35
Intensive arm, no clinical CVD 4.96 391 + 1.05 0.13
Intensive arm, clinical CVD 6.79 4.87 + 1.92 0.26
CVD cardiovascular disease
Table 4 Adjusted hazard ratio for overall serious adverse events

Overall serious adverse events

Hazard ratio associated with statin use at baseline 95% confidence interval p value
Main cohort: standard arm, no clinical CVD 0.97 0.85-1.09 0.58
Standard arm, clinical CVD 1.21 0.95-1.54 0.12
Intensive arm, no clinical CVD 1.00 0.89-1.13 0.96
Intensive arm, clinical CVD 1.41 1.10-1.79 0.006

CVD cardiovascular disease

3.2 Adjusted Results

Adjusting for 18 baseline patient characteristics, the
adjusted impact of statin use at baseline on overall SAEs
was not statistically significant in the main analysis cohort
of patients randomized to standard BP management with-
out pre-existing clinical CVD (Table 4 and Fig. 1).
However, among the SPRINT participants that were
randomized to intensive BP management and who had
documented clinical CVD at baseline (Table 4), a precisely
estimated elevated hazard ratio was observed for statin use
(1.41, 95% confidence interval 1.10-1.79, p = 0.006).
Turning to treatment-related SAEs (Table 5), in the
main cohort, the unadjusted and insignificant point estimate
of lower treatment-related SAEs among statin users almost
reached conventional levels of statistical significance in the
adjusted Cox model (adjusted hazard ratio 0.63, 95%
confidence interval 0.39-1.02). Examination of the
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Overall SAE among SPRINT participants, by statin use at baseline

3,471 participants without baseline clinical CVD, randomized to standard arm

Adjusted Hazard Ratio 0.97 (95% Cl, 0.85-1.09)

Not taking statins at baseline

Taking statins at baseline

Cumulative Hazard

— T T T T T T T T T T T T T T
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Days of trial

Fig. 1 Overall SAEs by statin use, among SPRINT participants
without baseline clinical CVD and randomized to standard BP care.
BP blood pressure, CI confidence interval, CVD cardiovascular
disease, SAE serious adverse event
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Table 5 Adjusted hazard ratio for treatment-related serious adverse events

Treatment-related serious adverse events

Hazard ratio associated with statin use at baseline 95% confidence interval p value
Main cohort: standard arm, no clinical CVD 0.63 0.39-1.02 0.06
Standard arm, clinical CVD 1.28 0.50-3.24 0.61
Intensive arm, no clinical CVD 1.20 0.85-1.70 0.29
Intensive arm, clinical CVD 1.29 0.65-2.58 0.47

CVD cardiovascular disease

Fig. 2 Treatment-related SAEs
by statin use, among SPRINT
participants without baseline o

clinical CVD and randomized to <7
standard BP care. BP blood
pressure, CI confidence interval,
CVD cardiovascular disease,
SAE serious adverse event
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Adjusted Hazard Ratio 0.63 (95% CI: 0.39 - 1.02)

Treatment-related SAE among SPRINT participants, by statin use at baseline
3,471 participants without baseline clinical CVD, randomized to standard arm

Not taking statins at baseline

Taking statins at baseline

T T T

cumulative hazard graph (Fig. 2) in the main cohort shows
a clear separation from the beginning of the trial.

In sensitivity analyses, none of the other cohorts
examined showed statistically significant hazard ratios
different from 1 (Table 5).

4 Discussion

This small secondary re-analysis sought to understand
whether SAEs among SPRINT participants differed by
statin use at baseline. To reduce confounding by indication
in the non-randomized use of statins, adjustment was made
for observed baseline characteristics. To further reduce
confounding of SAEs by differences in pharmacological
treatment in the two BP management arms, the main
analysis considered only patients without known baseline
CVD randomized to standard BP management, while sen-
sitivity analyses also considered homogenous cohorts of
other patients with the same CVD status at baseline and the
same randomization BP management arm.

T T
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600

Days of trial

The main results do not show any significant increase in
SAEs associated with statin use among a homogenous
cohort of patients without documented CVD at baseline
and randomized to the standard BP management arm.
Instead a small risk difference in favor of statin use at
baseline was found for treatment-related SAEs in this main
cohort.

When incorporating the sensitivity analyses in the other
cohorts, this study finds that statin use at baseline was not
associated with either treatment-related or overall SAEs
either (1) among those without pre-existing CVD, regard-
less of randomization to BP arm or (2) among those ran-
domized to standard BP management, regardless of pre-
existing CVD.

Only in the cohort comprising higher risk patients with
clinical CVD randomized to intensive BP management,
with more intense pharmaceutical management with either
higher doses and/or multiple classes, was a small but sig-
nificant increase in overall SAE found among those taking
statin at baseline, but not in the subset risk of SAE deemed
definitely or possibly related to treatment.
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It is not known whether this latter finding is through the
play of chance given the multiple comparisons made, or is
a true positive finding. There is substantial evidence that
statins have the potential for drug interactions [20], sug-
gesting that this finding could represent SAEs caused by
true interaction effects between statin therapy and the lar-
ger number of medicines in different classes that charac-
terized intensive BP management.

Taken together, these results are unexpected for two
reasons. First, the non-randomized and unblinded use of
statins was expected to lead to higher rates of SAEs in all
cohorts studied. This could be due to both confounding by
indication and ascertainment biases, as ASCOT-LLA
recently showed [14]. The findings of generally lower SAE
risk therefore strengthen the conclusion that statin use is
generally not associated with major or lasting side effects.

Second, the results in the highest risk cohort are unex-
pected and raise the question to what extent polypharmacy
and interactions among statins and other cardiovascular
system medicines may jointly lead to increased SAEs. The
findings here suggest the need for further investigation of
the interaction between SAE risk and ASCVD risk among
those taking statins.

This study is greatly limited by two separate weak-
nesses: the data origin from a clinical trial, and a main-
tained hypothesis that any SAE caused directly or
indirectly by statin use would be identifiable in the data.

In terms of data origin, this study is weakened by its
reliance on a secondary analysis of a randomized clinical
trial. To the extent to which this trial is not representative
of the real-world population taking statin medication, so
too are the results circumscribed. For example, diabetics
were excluded from the SPRINT trial, and this secondary
analysis cannot comment on this important subgroup.
Additionally, this secondary analysis, as many others do,
relies on an original trial that was not powered for this re-
analysis, and in turn on a re-analysis with uncorrected
multiple testing [21, 22]. It is therefore possible that the
significantly higher hazard rate for SAEs among statin-
using, higher risk patients represents the play of chance
rather than a true positive finding.

Data analyzed here are also incomplete in important
ways. While the proportion of patients reporting taking
statins at baseline was meaningful at between 38 and 69%
depending on cohort examined, there were no data recor-
ded in the trial on type of statin taken or dosage, nor was
adherence to statin use or crossover to use recorded.

Finally, the reliable attribution of an SAE to a statin
medicine taken at baseline as opposed to a particular BP
intervention or another cause is not possible. Nevertheless,
somewhat mitigating these concerns is the widespread
availability of clinical trial data for secondary analyses
[23-25].
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In terms of the maintained hypothesis, a key premise of
this analysis is that reported side effects are temporally
related to statin use. However, it is generally believed that
statin side effects occur relatively early (weeks to months)
on initiating or re-starting statin therapy [26]. If patients
had systematically started statin therapy closer to the trial
date, or changed statin medications or doses during the trial
thereby exposing themselves to greater SAE risk, then this
premise would not be threatened. If on the other hand,
participants in the SPRINT trial had been stable on statins
for some period of time before the trial, most SAEs would
have occurred and resolved, and this would lead to a bias
towards the null of finding no association between statin
use and SAE rates. Assuming the opposite, that this bias
was widespread, it could explain the insignificant differ-
ences in the lower risk cohorts. However, it would then
also strengthen polypharmacy and statin-drug interactions
as the explanation for this study’s finding in the highest risk
cohort.

5 Conclusions

Within the important limitations of this clinical trial sec-
ondary re-analysis and the other acknowledged design
weaknesses, these results support the findings of the orig-
inal statin randomized clinical trials that statin side effects
may be limited in nature. These results also support the
concerns that real-world evidence of statin side effects may
be biased by unobserved confounding, confounding by
indication and ascertainment bias [3, 4]. This study there-
fore cautiously supports the view among many clinicians
that in general and on average, the benefits of statins likely
outweigh concerns about statin-related harms [1].
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