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BACKGROUND: Robust evidence is lacking on optimal
timing of statin administration and its impact on patient
outcomes.
OBJECTIVE: This study aims to evaluate among incident
statin users the relationship between those prescribed
evening vs. daily dosing instructions, medication adher-
ence, and changes in low-density lipoprotein cholesterol
(LDL-c).
DESIGN: This is an observational cohort study at Sutter
Health, a community-based healthcare system, 2010–
2016.
PARTICIPANTS: Patients were ≥ 35 years of age as of the
first statin prescription (baseline), with 12 to 36months of
electronic health record activity before and after baseline.
Incident use was defined as no statin prescription in
12 months prior to baseline.
MAIN MEASURES: Differences in medication adherence
(proportion of days covered ≥ 0.80) over 12 months from
baseline and mean change in LDL-c between 12 and
24months frombaseline weremeasuredusing regression
modeling, adjusting for baseline demographics and clini-
cal, prescriber, and statin characteristics.
KEY RESULTS: Among 31,252 patients with valid statin
prescriptions between 2010 and 2016, 5099 eligible inci-
dent statin users (mean age, 63 years) were identified, of
whom53%were prescribed evening and 47%daily dosing
instructions. No difference in likelihood of statin adher-
ence over 12 months was observed for evening vs. daily
dosing (adjusted odds ratio [OR] 0.90; 95% CI 0.75, 1.08).
No differences were observed in mean change in LDL-c
(adjusted mean difference 1.42 mg/dL; 95% CI − 1.02,
3.89) or likelihood of attaining LDL-c < 70 mg/dL (adjust-
edOR0.83; 95%CI 0.67, 1.04) for evening vs. daily dosing
over a mean of 19 months follow-up.
CONCLUSIONS: Among incident statin users from a real-
world clinical setting, those with daily and evening dosing
instructions had similar adherence rates and mean

changes in LDL-c. Given potential clinical equipoise for
evening and daily dosing, clinicians should consider
patient-tailored statin dosing instructions to reduce po-
tentially unnecessary regimen complexity.
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INTRODUCTION

Statins are among the most commonly prescribed drugs in the
United States (U.S.), with > 25% of U.S. adults > 40 years of
age taking a statin.1, 2 Some statins (i.e., fluvastatin, lovastatin,
and simvastatin) have U.S. Food and Drug Administration
(FDA) labels recommending evening administration, given
their short half-lives and the occurrence of peak cholesterol
biosynthesis in the early morning.3, 4 Conversely, other statins
(i.e., atorvastatin, pitavastatin, pravastatin, and rosuvastatin),
given their longer half-lives, have U.S. FDA labels
recommending daily administration, without mention of time
of day.5 These dosing strategies are based on the chronobiol-
ogy of cholesterol synthesis with the goal of ensuring thera-
peutic plasma concentrations of the statin during peak choles-
terol biosynthesis (i.e., between midnight and 3 a.m.).4

The evidence for greater low-density lipoprotein cholester-
ol (LDL-c) lowering with evening dosing for certain statins is
derived from limited studies. Awad et al. synthesized evi-
dence on the effects of morning vs. evening statin dosing on
cholesterol fractions.6 The review included 11 studies (10
clinical trials and 1 observational study), from 4 to 12 weeks
in duration and ranging from 12 to 299 participants (1034
participants in total).6 The authors concluded from this review
that statins with short half-lives should be taken in the eve-
ning due to more pronounced lowering of LDL-c and total
cholesterol compared to morning dosing and that statins with
long half-lives can be taken at any time of the day,6 consistent
with current U.S. FDA labeling. However, given the short
durations and small sample sizes of the studies included in
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this review, robust evidence is lacking on optimal timing of
statin administration in clinical practice.4, 7–11

While statins have been commercially available in the U.S.
for more than three decades,1 little epidemiologic research is
available on how clinicians prescribe these drugs to patients
with regard to daily vs. evening dosing instructions.Moreover,
it is unclear how such instructions impact medication adher-
ence, which in turn affects LDL-c lowering. Evening dosing of
a statin may introduce unnecessary regimen complexity and
lead to poorer adherence if a patient takes concomitant med-
ications at other times of the day, such as in the morning or
with certain meals.12 Alternatively, evening statin dosing may
serve as a reminder for patients if it coincides with their
evening routine.12

In this observational cohort study, we used an EHR research
database from a large, community-based healthcare delivery
system between 2010 and 2016 to evaluate among incident
statin users the relationship between those prescribed daily vs.
evening statin dosing and (1) medication adherence over
12 months and (2) changes in LDL-c between 12 and
24 months follow-up.

METHODS

Setting and Data Sources

This study was conducted at Sutter Health, a large community-
based healthcare delivery system in northern California. An-
nually, Sutter Health provides medical services to approxi-
mately three million patients across 130 primary care and
specialty ambulatory clinics. The Sutter Health Institutional
Review Board approved this research study.

Study Participants and Eligibility Criteria

We identified managed-care beneficiaries in the EHR with
a statin prescription between 2010 and 2016. We required
patients to be at least 35 years of age on the date of the
first statin monotherapy prescription during the study pe-
riod (index date), have activity (i.e., documented encoun-
ter, medical claim, or medication order) in the EHR 12 to
36 months prior to and after the index date, and have at
least one pharmacy claim for the prescribed statin on or up
to 12 months after the index date. We conservatively
chose age 35 based on the USPSTF’s recommendation
for low- to moderate-dose statin therapy in adults ages
40–75 years meeting indication criteria.13 We further re-
quired patients to have an LDL-c measurement on or
within 12 months prior to the index date (baseline mea-
surement) and 12 to 24 months after the index date (fol-
low-up measurement). We excluded patients who were not
incident statin users, evidenced by a statin prescription in
the 12 months prior to the index date. We further excluded
patients who received a statin prescription during a hos-
pital visit or one that was sent to a mail-order pharmacy;

those with changes to statin prescription intensity, accord-
ing to the American College of Cardiology/American
Heart Association (ACC/AHA) classification of low-,
moderate-, and high-intensity statins14; those who had
changes to statin dosing instructions (e.g., first prescrip-
tion with daily dosing instructions and a subsequent pre-
scription with evening dosing instructions) during follow-
up; or those with unconventional dosing instructions (e.g.,
every other day).

Assessment of Statin Dosing Instructions

Among eligible cohort patients, we classified statin dosing
instructions as either daily or evening based on the ‘Sig’ field
in the medication order in the EHR. A pharmacist (Z.A.M.)
manually reviewed the instruction field for each prescription
and categorized accordingly.

Outcome Measures

The main outcomes for this study were medication adherence
and changes in LDL-c. Medication adherence was measured
as proportion of days covered (PDC), expressed as the total
days’ supply of statin prescriptions based on pharmacy claims
over a 12-month observation window (Fig. 1).15 We used a
standard cut-point of PDC ≥ 0.80 to define adherence.16

Changes in LDL-c were measured from baseline to follow-
up. Baseline LDL-c was defined as the value recorded in the
EHR on the index date or closest to that date within the prior
12 months. Follow-up LDL-c was defined as the value record-
ed in the EHR closest to 12 months, but no more than
24 months, after the index date. We categorized patients as
achieving LDL-c target when their follow-up LDL-c measure-
ment was < 70 mg/dL, based on ACC/AHA guidelines.14

Covariates

Data were extracted from the EHR on patient demographics
(age, gender, race/ethnicity) and clinical characteristics (body
mass index [BMI], blood pressure, comorbidities) recorded in
the 12 months prior to the index date. We calculated a
Charlson comorbidity index (CCI) score for each patient as a
measure of overall disease burden.17 We used 2010 Census
tract-level data to capture the median household income. We
categorized patients as having an established primary care
provider (PCP). We further categorized the prescriber of the
index statin as the patient’s own PCP, other PCP, or a special-
ist. Lastly, we categorized statin prescriptions as low, moder-
ate, or high intensity based on their daily dosing.14

Statistical Analysis

Statistical analyses were conducted in SAS v9.4 (SAS Insti-
tute, Cary, NC). We used descriptive statistics to summarize
baseline patient demographics and clinical characteristics, as
well as characteristics of the prescriber and statin. Means,
standard deviations (SD), medians, and interquartile ranges
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were calculated for continuous variables. Percentages were
calculated for categorical variables.

Primary Analysis. We used logistic regression models to
examine differences in odds of medication adherence
(PDC ≥ 0.80) and attainment of an LDL-c target of < 70 mg/
dL and linear regression models to examine differences in
mean change in LDL-c from baseline to follow-up, each, by
the main predictor variable of statin dosing instructions (eve-
ning vs. daily). For all outcomes, we ran simple and multivar-
iable regression models. Multivariable regression models, at
minimum, included patient, prescriber, and prescription covar-
iates shown in Table 1 and a covariate for whether the statin
was a long or short half-life drug. For linear and dichotomous
LDL-c outcomes, we ran additional multivariable regression
models that included covariates for (1) time between baseline
and follow-up LDL-c and (2) PDC (measured from the index
date to the date of the follow-up LDL-c value).

Secondary Analysis. For secondary analyses, to isolate the
effects of specific dosing instructions from the effects
attributable to individual statins, we repeated primary
analyses among a subset of patients prescribed atorvastatin
and simvastatin, the most commonly prescribed statins with
FDA labels for daily and evening dosing, respectively. For all
analyses, a P value < 0.05 was considered statistically
significant. All tests were two-tailed.

RESULTS

Description of Study Cohort

We identified 31,252 managed-care beneficiaries with a statin
prescription between 2010 and 2016; 5099 met full study
eligibility criteria (Online Appendix Fig. 1). Patients had a
mean age of 63 years, 49% were female, and 61% were non-
Hispanic white (Table 1). A majority of patients received the
index statin prescription from their own PCP (77%), followed
by an endocrinologist (11%). Fifty-three percent of patients

(N = 2718) were prescribed a statin with evening dosing in-
structions, and 47% (N = 2381) were prescribed a statin with
daily dosing instructions. Patients with evening vs. daily dos-
ing instructions were similar with respect to most baseline
demographics and clinical characteristics.
Among those with evening dosing instructions, approxi-

mately 84% received a statin with an FDA label
recommending evening dosing (Online Appendix Table 1);
the most commonly prescribed statin with evening dosing
instructions was simvastatin (72% of all prescriptions with
evening dosing instructions). Among those with daily dosing
instructions, 93% received a statin with an FDA label
recommending daily dosing; the most commonly prescribed
statin with daily dosing instructions was atorvastatin (70% of
all prescriptions with daily dosing instructions).

Primary Analysis

Overall, mean PDC for incident statin users was 0.69, with
52% of patients classified as adherent (PDC ≥ 0.80) (Table 2).
After statistical adjustment, no difference in likelihood of
statin adherence was observed for evening vs. daily dosing
instructions over an average of 577 days (approximately
19 months) of follow-up (adjusted model 1 OR 0.90; 95%
CI 0.75, 1.08; Table 3). Similarly, after statistical adjustment,
differences between evening and daily dosing were mitigated
for odds of attaining LDL-c target (adjusted model 3 OR 0.83;
95% CI 0.67, 1.04) and mean changes in LDL-c (adjusted
model 3 difference 1.42 mg/dL; 95% CI − 1.02, 3.87). Esti-
mated adjusted mean changes in LDL-c are shown in Figure 2
for all statin users by daily and evening dosing instructions.
The average time from statin initiation to LDL-c follow-up
was 508 days (range 365–731 days).

Secondary Analysis

Patients prescribed simvastatin with instructions for evening
vs. daily dosing were, on average, younger (61 vs. 68 years),
less frequently had atherosclerotic cardiovascular disease
(ASCVD; 15 vs. 27%), and had higher mean baseline LDL-
c (131 vs. 90 mg/dL) (Online Appendix Table 2). Those
prescribed atorvastatin for evening vs. daily dosing were on

Figure 1 Study design.
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average older (68 vs. 62 years), more frequently had ASCVD
(38% vs. 20%), and had lower mean baseline LDL-c (112 vs.
134 mg/dL).
On unadjusted analysis, mean PDC was lower for patients

prescribed simvastatin with evening vs. daily dosing instruc-
tions (0.69 vs. 0.81; P < 0.001), with a smaller percentage of
patients classified as adherent (51 vs. 69%; P < 0.001) (Online
Appendix Table 3). Patients prescribed simvastatin for eve-
ning dosing (consistent with FDA label) had a higher baseline
LDL-c, larger change in LDL-c at follow-up, and a smaller
percentage attaining an LDL-c < 70 mg/dL compared to daily
dosing. Mean PDC was similar for patients prescribed atorva-
statin prescribed with evening vs. daily dosing instructions
(0.71 vs. 0.70; P = 0.26). Patients prescribed atorvastatin for
evening dosing (inconsistent with FDA label) had a lower
baseline LDL-c, smaller change in LDL-c on follow-up, and
a larger percentage attaining an LDL-c < 70 mg/dL compared
to daily dosing.
After statistical adjustment, no difference in likelihood of

statin adherence was observed when comparing simvastatin
prescribed with evening vs. daily dosing instructions (adjusted

model 1 OR 0.75; 95% CI 0.49, 1.15; Table 4) or atorvastatin
prescribed with evening vs. daily dosing instructions (adjusted
model 1 OR 0.95; 95% CI 0.72, 1.24; Table 4). Similarly, no
differences were observed in the likelihood of attaining an
LDL-c target < 70 mg/dL or mean changes in LDL-c for
evening vs. daily dosing among those treated with simvastatin
(adjusted model 4 OR 0.86; 95% CI 0.54, 1.38; adjusted
model 3 mean difference − 0.37 mg/dL; 95% CI − 5.42,
4.69; Table 4) or atorvastatin (adjusted model 3 OR 0.94;
95% CI 0.69, 1.30; adjusted model 4 mean difference −
1.72 mg/dL; 95% CI − 5.65, 2.21; Table 4). Estimated adjust-
ed mean changes in LDL-c are shown in Figure 2 for daily and
evening dosing instructions, among those with prescriptions
for simvastatin and atorvastatin, separately.

DISCUSSION

In this cohort of adult managed-care beneficiaries from a
large healthcare delivery system initiating statin therapy,
we found no differences in statin medication adherence

Table 1 Baseline Demographics and Clinical Characteristics for All Statin Users and by Dosing Instructions

All statin users, N = 5099 Daily dosing instructions, N = 2381 Evening dosing instructions, N = 2718

Mean age, years ± SD 62.6 ± 12.4 62.6 ± 12.3 62.5 ± 12.5
Female, n (%) 2516 (49.3) 1160 (48.7) 1356 (49.9)
Race–ethnicity, n (%)
Non-Hispanic White 3097 (60.7) 1460 (61.3) 1637 (60.2)
Non-Hispanic Asian 761 (14.9) 353 (14.8) 408 (15.0)
Non-Hispanic Black 162 (3.2) 84 (3.5) 78 (2.9)
Hispanic 605 (11.9) 266 (11.2) 339 (12.5)
Other 95 (1.9) 43 (1.8) 52 (1.9)
Unknown 379 (7.4) 175 (7.3) 204 (7.5)

Insurance payer, n (%)
HMO 3107 (60.9) 1417 (59.5) 1690 (62.2)
Medicare HMO 1992 (39.1) 964 (40.5) 1028 (37.8)

Median income, n (%)
< $50,000 474 (9.3) 244 (10.2) 230 (8.5)*

$50,000–$74,999 1408 (27.6) 677 (28.4) 731 (26.9)
$75,000–$99,999 1881 (36.9) 848 (35.6) 1033 (38.0)
≥ $100,000 ($200,000 max) 1336 (26.2) 612 (25.7) 724 (26.6)

Mean LDL-c, mg/dL ± SD 128.9 ± 44.4 130.8 ± 46.3 127.2 ± 42.6†

Baseline LDL-c at target, n (%) 477 (9.4) 217 (9.1) 260 (9.6)
Hypertension, n (%) 2673 (52.4) 1269 (53.3) 1404 (51.7)
Diabetes, n (%) 1483 (29.1) 709 (29.8) 774 (28.5)
ASCVD, n (%) 992 (19.5) 481 (20.2) 511 (18.8)
Depression, n (%) 665 (13.0) 341 (14.3) 324 (11.9)*

Mean CCI, score ± SD 0.81 ± 0.90 0.85 ± 0.92 0.78 ± 0.88†

Established PCP, n (%) 4997 (98.0) 2336 (98.1) 2661(97.9)
Statin prescriber, n (%)
Own PCP 3907 (76.6) 1805 (75.8) 2102 (77.3)
Other PCP 344 (6.7) 167 (7.0) 177 (6.5)
Endocrinologist 577 (11.3) 284 (11.9) 293 (10.8)
Cardiologist 116 (2.3) 48 (2.0) 68 (2.5)
Other specialist 155 (3.0) 77 (3.2) 78 (2.9)

Statin intensity, n (%)
Low 1361 (26.7) 364 (15.3) 997 (36.7)‡

Moderate 3284 (64.4) 1648 (69.2) 1636 (60.2)
High 454 (8.9) 369 (15.5) 85 (3.1)

Concurrent Rx, count ± SD 6.1 ± 4.3 6.2 ± 4.3 6.1 ± 4.2

Median household income derived from census tract of patients’ home address zip code
ASCVD, atherosclerotic cardiovascular disease; CCI, Charlson comorbidity index; HMO, health maintenance organization; LDL-c, low-density
lipoprotein cholesterol; PCP, primary care physician; Rx, prescription; SD, standard deviation
*P < 0.05; †P< 0.01; ‡P< 0.001 (P values derived from chi-square tests of independence for categorical variables and unpaired t tests for
continuous variable for the comparison of daily vs. evening dosing instructions)
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over a 12-month period or changes in LDL-c over a mean
of 19 months for those prescribed daily vs. evening dosing
instructions, after accounting for a number of potential
confounders. The primary results were consistent with
those from secondary analyses among patients prescribed
atorvastatin or simvastatin, the two most commonly pre-
scribed statins in our sample with U.S. FDA labels for
daily and evening dosing, respectively. Overall, adherence
during the first 12 months after initiating a new statin was
suboptimal, with approximately half of patients classified
as nonadherent.
Findings from our study have important clinical implica-

tions. It is often taught that certain statins (e.g., simvastatin),
based on shorter half-lives, should be prescribed for evening
or bedtime administration.9 This recommendation is based on
U.S. FDA labels, which are largely supported by pharmaco-
kinetic and pharmacodynamics studies.7, 10, 18, 19 These stud-
ies are limited by small sample sizes of relatively healthy
volunteers with short durations of follow-up and are, thus,
not reflective of real-world clinical practice. Consequently,
evidence is lacking on optimal statin administration timing
as it relates to medication adherence and changes in LDL-c,
despite the fact that one in four Americans > 40 years of age
takes a statin.2 Specific timing instructions for statins may

introduce unnecessary complexity into a patient’s medication
regimen, potentially leading to nonadherence and in turn
poorer LDL-c lowering.6 However, we found no associations
between timing of statin dosing instructions and adherence to
statins or LDL-c outcomes, suggesting that clinicians should
consider patient-tailored dosing instructions when prescribing
statins.12

Our findings are consistent with a study conducted by
Walter et al., which was a subanalysis of a clinical trial among
68 patients prescribed statins and whosemedication adherence
was measured via an electronic monitoring system.12 The
authors of this analysis found that less variability in the time
of day that a patient takes their statin, rather than the specific
time of the day itself, was associated with improved LDL-c
lowering.12 While we were unable to measure statin intake
variability, both our study and theirs support personalized
medication dosing schedules for patients taking statins. Future
research should explore flexible ‘Sig’ creation tools in EHRs
to allow for personalized dosing instructions.20

The optimal timing of statin administration is currently
being evaluated in a randomized clinical trial (RCT).21 The
investigators of this study seek to examine the efficacy of
morning vs. evening rosuvastatin–ezetimibe administration
on LDL-c lowering for up to 12 weeks.21 While a RCT is

Table 2 Descriptive Medication Adherence and LDL-c Outcomes for All Statin Users and by Dosing Instructions

All incident statin users,
N = 5099

Daily dosing instructions,
N = 2381

Evening dosing instructions,
N = 2718

P value

PDC, mean ± SD 0.69 ± 0.31 0.69 ± 0.32 0.69 ± 0.31 0.99
PDC, median (IQR) 0.82 (0.46, 0.98) 0.82 (0.45, 0.98) 0.82 (0.46, 0.97) –
PDC distribution, n (%) 0.86
0.00 to ≤ 0.50 1510 (29.6) 710 (29.8) 800 (29.4)
> 0.50 to < 0.80 928 (18.2) 426 (17.9) 502 (18.5)
≥ 0.80 to 1.00 2661 (52.2) 1245 (52.3) 1416 (52.1)

Baseline LDL-c, mean ± SD 128.9 ± 44.4 130.8 ± 46.3 127.2 ± 42.6 0.02
Change in LDL-c, mean ± SD − 30.3 ± 41.2 − 34.7 ± 45.2 − 26.5 ± 36.9 < 0.001
Time between LDL-c, days ± SD 577.1 ± 139.6 572.3 ± 135.9 581.2 ± 142.6 0.02
Baseline LDL-c at target, n (%) 477 (9.4) 217 (9.1) 260 (9.6) 0.58
Follow-up LDL-c at target, n (%) 1221 (23.9) 655 (27.5) 566 (20.8) < 0.001

P values derived from chi-square tests of independence for categorical variables and unpaired t tests for continuous variable for the comparison of daily
vs. evening dosing instructions
CI, confidence intervals; IQR, interquartile range; LDL-c, low-density lipoprotein cholesterol; PDC, proportion of days covered; SD, standard deviation

Table 3 Unadjusted and Adjusted Model Estimates for Medication Adherence and LDL-c Outcomes by Statin Dosing Instructions

Unadjusted model Adjusted model 1 Adjusted model 2 Adjusted model 3

PDC ≥ 0.80 odds ratios (95% CI)
Daily dosing Ref Ref – –
Evening dosing 0.99 (0.89, 1.11) 0.90 (0.75, 1.08) – –

Follow-up LDL-c < 70 mg/dL odds ratios (95% CI)
Daily dosing Ref Ref Ref Ref
Evening dosing 0.69 (0.61, 0.79)* 0.81 (0.65, 1.00) 0.81 (0.65, 1.00) 0.83 (0.67, 1.04)

Difference in mean change in LDL-c mg/dL (95% CI)
Daily dosing Ref Ref Ref Ref
Evening dosing 8.11 (5.86, 10.37)* 2.39 (− 0.29, 5.07) 2.36 (− 0.31, 5.04) 1.42 (− 1.02, 3.87)

Adjusted model 1: all variables in Table 1 + long or short half-life statin. Adjusted model 2: adjusted model 1 + time between baseline and follow-up
LDL-c. Adjusted model 3: adjusted model 2 + PDC (through LDL-c follow-up)
CI, confidence interval; LDL-c, low-density lipoprotein cholesterol; PDC, proportion of days covered
*P value < 0.001
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the gold standard for clinical efficacy, this study may have
limited generalizability to clinical practice for addressing the
question of optimal statin dosing instructions. For example,
the study drug is provided free of charge and rosuvastatin–
ezitimibe, only one of several statin products, is not the most
commonly prescribed.1 In the absence of robust evidence from
RCTs with long-term follow-up that directly addresses this
issue, observational studies using rigorous methods and con-
ducted in practice-based settings are paramount for examining
optimal timing of statin administration.
Overall, patients were poorly adherent to statin therapy,

with only half of patients taking at least 80% of their medica-
tion regimen during the first 12 months of therapy. This is
consistent with a large body of literature on medication

adherence, in general, and statins, specifically.22–27 The sys-
tematic review by Awad et al. found only three studies that
assessed adherence for morning vs. evening statin dosing,
each of which were small RCTs, with 24 to 132 participants;
yet adherence in RCTs does not reflect how patients take
medications in real-world clinical practice.9, 28, 29 Two of these
studies found no significant difference in adherence between
morning vs. evening statin dosing9, 28; one study reported that
the adherence rate to lovastatin was higher when it was taken
in the morning vs. evening.29 Our study is the first to investi-
gate the impact of daily vs. evening dosing on medication
adherence in a real-world cohort. While our study did not find
differences in medication adherence for daily vs. evening
dosing instructions at the population level, it is possible that

Table 4 Unadjusted and Adjusted Model Estimates for Medication Adherence and LDL-c Outcomes by Statin Dosing Instructions for
Simvastatin (N = 2082) and Atorvastatin (N = 1952)

Unadjusted model Adjusted model 1 Adjusted model 2 Adjusted model 3

PDC ≥ 0.80 odds ratios (95% CI)
Simvastatin
Daily dosing Ref Ref
Evening dosing 0.45 (0.31, 0.68)‡ 0.75 (0.49, 1.15) – –

Atorvastatin
Daily dosing Ref Ref
Evening dosing 1.16 (0.90, 1.49) 0.95 (0.72, 1.24) – –

Follow-up LDL-c < 70 mg/dL odds ratios (95% CI)
Simvastatin
Daily dosing Ref Ref Ref Ref
Evening dosing 0.33 (0.22, 0.48)‡ 0.87 (0.55, 1.37) 0.84 (0.53, 1.33) 0.86 (0.54, 1.38)

Atorvastatin
Daily dosing Ref Ref Ref Ref
Evening dosing 1.61 (1.25, 2.08)‡ 0.89 (0.65, 1.21) 0.89 (0.66, 1.21) 0.94 (0.69, 1.30)

Difference in mean change in LDL-c mg/dL (95% CI)
Simvastatin
Daily dosing Ref Ref Ref Ref
Evening dosing − 20.53 (− 27.33, − 13.72)‡ 1.03 (− 4.46, 6.52) 1.43 (− 4.05, 6.92) − 0.37 (− 5.42, 4.69)

Atorvastatin
Daily dosing Ref Ref Ref Ref
Evening dosing 11.92 (6.06, 17.77) − 0.67 (− 5.01, 3.67) − 0.71 (− 5.06, 3.63) − 1.72 (− 5.65, 2.21)

Adjusted model 1: all variables in Table 1. Adjusted model 2: adjusted model 1 + time between baseline and follow-up LDL-c. Adjusted model 3:
adjusted model 2 + PDC (through LDL-c follow-up)
PDC, proportion of days covered; CI, confidence interval
‡P value < 0.001

Figure 2 Adjusted mean change in low-density lipoprotein cholesterol (LDL-c) from baseline by statin dosing instructions. Estimates with 95%
confidence intervals for all patients (“Overall”) receiving a statin, and for those receiving simvastatin or atorvastatin, derived from adjusted

logistic regression models.
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dosing instructions for individual patients could make a salient
difference in simplifying their medication regimens, especially
if the statin dosing instructions add unnecessary complexity.
Polypharmacy is common in patients taking statins for hyper-
lipidemia and/or primary or secondary prevention of ASCVD,
as these individuals often have other risk factors requiring
medication management.30

Our study has several limitations. First, although we
adjusted for multiple covariates associated with statin
prescribing, adherence, and changes in LDL-c, we cannot
exclude the possibility of residual confounding given the
observational design of this research. Although our com-
parison groups were strikingly similar at baseline, unmea-
sured confounding remains a potential source of bias. For
example, we were unable to measure lifestyle factors such
as diet and exercise that might be associated with LDL-c.
As such, causal inferences are restricted. Of note, we
conducted sensitivity analyses on primary and secondary
analyses adjusting for co-payment amount (per 30-day
supply of statins), and the results were unchanged (data
not shown). Second, patients may not have actually taken
the statin at the time of day prescribed, potentially leading
to misclassification bias. However, it is unlikely that the
rate of misclassification was differential for those pre-
scribed daily and evening dosing instructions. Third, we
did not assess overall medication regimen complexity, nor
did we assess how the timing of statin administration
interacts with such complexity. For example, someone
already taking a chronic medication (e.g., antihyperten-
sive) in the evening might have higher adherence than
someone for whom the evening statin introduces a new
dosing time. Future studies are needed on this important
topic. Fourth, we used pharmacy claims as a proxy for
medication adherence. Thus, it was possible to measure
only medication supply via PDC and not the actual con-
sumption of statins. Nevertheless, PDC is a well-accepted
method for measuring medication adherence in observa-
tional research and has been shown to be associated with
health outcomes.31

Despite these limitations, this is the largest study to date
examining statin administration timing. In addition, we used a
practice-based cohort of real-world patients prescribed a vari-
ety of statins. Furthermore, while our cohort included
managed-care beneficiaries, the study setting is a mixed-
payer health system without standardized care plans or a
fixed-drug formulary, allowing for natural variation in clinical
practice that would be observed in most other healthcare
systems in the U.S. Taken together, findings from our study
have enhanced generalizability. Finally, our follow up for
LDL-c outcomes of more than 19 months, on average, is
significantly longer than prior studies.6

In conclusion, among incident statin users from a real-world
clinical setting, those with evening vs. daily dosing instruc-
tions had similar medication adherence rates and changes in
LDL-c. Adherence rates to statin regimens were poor,

regardless of dosing instructions. Given potential clinical equi-
poise for evening and daily dosing, clinicians should consider
more patient-tailored statin dosing instructions to reduce po-
tentially unnecessary regimen complexity.
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