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Abstract

Introduction Data suggest that the beneficial cardiovas-
cular effects of statins are maximized after the first year of
statin use; yet, the timeline of statin-associated adverse
events is not well delineated.

Objective To examine the associations of short-term statin
use (<1 year) with short- and long-term adverse events and
beneficial cardiovascular outcomes in a ‘healthy’ cohort.
Participants and Methods A cohort study of a healthy
Tricare population (fiscal year [FY] 2002 through FY 2011)
who have no cardiovascular disease, major comorbidities
requiring medications, or functional limitations. Statin users
used statins for 90-365 days during FY 2005 as their only
prescription medication. Nonusers had medical encounters
but did not receive prescription medications during FY 2005,
and did not receive any statins throughout the study period
from FY 2002 to FY 2011. Outcomes were the occurrence of
major acute cardiovascular events, diabetes mellitus and its
complications, kidney diseases, musculoskeletal diseases,
obesity, cataracts, malignancy, and death.

Electronic supplementary material The online version of this
article (doi:10.1007/s40264-016-0412-2) contains supplementary
material, which is available to authorized users.
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Results  We matched 1525 statin users to 1525 nonusers.
During the follow-up period (FY 2006 to FY 2011), statin
users had significantly higher odds of developing diabetes
and diabetic complications that persisted throughout fol-
low-up (odds ratio [OR] 1.93, 95 % confidence interval
[CI] 1.55-2.41 and OR 2.15, 95 % CI 1.20-3.86, respec-
tively). Short-term statin use was not associated with
decreased odds of major acute cardiovascular events (OR
1.17, 95 % CI 0.72-1.92). There were no differences in
risks of kidney diseases, musculoskeletal diseases, or
malignancy.

Conclusions Short-term statin use for primary prevention in
this healthy cohort was associated with an increased risk of
long-term diabetes and diabetic complications without car-
diovascular benefits. Further study using pragmatic studies
and prospective observational studies appropriately equipped
to eliminate unidentified confounders are urgently needed.

Key Points

Short-term statin use, in comparison to no use, was
associated with a higher risk of developing diabetes
mellitus and diabetic complications without any

decreased risk of major acute cardiovascular events.

Risk of kidney diseases, musculoskeletal diseases, or
malignancy did not differ between short-term statin
users and nonusers.

The increased risk of diabetes and diabetic
complications persisted throughout the follow-up
period (5 years) after discontinuing statins.

Further studies appropriately equipped to eliminate
unidentified confounders and confounding by
indication are urgently needed.
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1 Introduction

Despite their effectiveness in lowering cardiovascular
morbidity and mortality, statins have been associated with
an increased risk of diabetes mellitus [1], diabetic com-
plications [2], obesity [3], and musculoskeletal diseases [4,
5]. The overall benefit/risk of statins in primary prevention
is mainly related to a patient’s baseline risk of cardiovas-
cular diseases [6, 7]. However, various cardiovascular risk
calculators yield different estimates with variables accu-
racies and can result in overestimating the risk in lower risk
populations [6, 7].

Statin studies suggest that 612 months of treatment is
needed to demonstrate their beneficial cardiovascular
effects [8, 9]. However, the timeline of the risks of adverse
events is not well known and some studies suggested that
the risk of adverse events may remain increased after dis-
continuing statin therapy [4]. Hence, it is possible that
short-term statin use may increase the risk of adverse
events without achieving desired cardiovascular benefits
especially in low-cardiovascular-risk populations. The
long-term effects of short-term statin use in healthy adults
have not been examined in any randomized controlled trial
(RCT). In a statin primary prevention RCT, the outcomes
of those who withdrew from trials after enrollment (ar-
guably short-term users) are not known and are analyzed
using an intention-to-treat analysis, indiscriminant from
those who continued statins [10].

The objective of this study was to examine the associations
of short-term statin use (<1 year) with short- and long-term
known beneficial cardiovascular outcomes, such as acute
myocardial infraction and acute cerebrovascular accidents,
known statin-associated adverse events such as diabetes and
musculoskeletal diseases, and suspected/debated statin-asso-
ciated adverse events such as kidney diseases and cataract, in a
‘healthy’ cohort of statin users and nonusers.

2 Methods
2.1 Study Design

This cohort study was approved by the Institutional Review
Board at Brooke Army Medical Center and the VA North
Texas Health System. After obtaining permission from the
Tricare Management Activity office, we extracted national
Tricare archival data from fiscal year (FY) 2002 to FY
2011 (10/1/2001 to 9/30/2011) from the Military Health
System (MHS) Data Repository (MDR). Tricare is the
healthcare program for the US uniformed service members
(active duty service members, National Guard/Reserve,
and retired) and their families. To comply with the Tricare
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Data Sharing Agreement, all data were de-identified, to
include rounding dates of medical encounters to the nearest
quarter of the year.

The MDR contains patient information, outpatient and
inpatient medical encounters within MHS (direct care) and
outside of MHS (purchased care), direct care laboratory
data, and Pharmacy Data Transaction Service. The Phar-
macy Data Transaction Service tracks drug use and receives
weekly feeds that include medications and prescription
details regardless of pharmacy location or affiliation in the
USA. Each patient is uniquely identified by an identification
code that is consistent throughout the MDR. MDR data are
managed according to a published and approved protocol to
ensure raw data integrity and quality [11, 12]. MDR data are
routinely used in administrative and leadership decision
making, as well as in research [11-13].

2.2 Study Interval

The study was divided into three periods: baseline period
(from FY 2002 to 2004 [10/1/2001 to 9/30/2004]), which
was used to describe baseline characteristics; exposure
period (FY 2005), which was used to identify patients as
statin users or nonusers; and follow-up period (FY 2006 to
2011), which was used to capture outcomes.

2.3 Healthy Cohort Formation

We included all adults older than 35 years of age, who had
at least one medical encounter in the exposure period (FY
2005) and had at least one medical encounter during FY
2011 (the last year of the follow-up period). To form a
healthy cohort, we used two criteria: (1) we included
patients who were not prescribed any prescription medi-
cation during the exposure period (FY 2005) except for
potentially a statin; and (2) we excluded patients with
conditions at baseline that would severely shorten life
expectancy or interfere with physical activity (Electronic
Supplementary Material Appendix 1).

We identified two treatment groups: short-term statin
users and statin nonusers. Short-term statin users were
patients who: (a) newly received and filled at least two
statin prescriptions with a cumulative duration of at least
90 days during FY 2005; (b) continued to use statins in FY
2005 only; and (c) did not receive other prescription
medications in FY 2005. Statin users were considered new
users if they did not receive statins in FYs 2002-2004. We
also required that statin users did not continue statins
beyond FY 2005 to achieve the objective of our study for
examining the effect of short-term statin use. This exclu-
sion also helps to minimize confounding by indication;
short-term statin users are more likely to be free from
diseases that compel long-term statin prescription [14, 15].
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We also ascertained that statin users did not receive other
prescription medications in FY 2005 to ensure that we
included healthy adults with no interacting drugs. Unex-
pected drug interactions may contribute to the incidence of
adverse events; for example, in a large observational study,
the concomitant use of clarithromycin and a statin was
associated with increased risk of acute kidney injury and
death [16].

Statin nonusers were defined as those patients who:
(a) never received a statin throughout the study period (FY
2002 to FY 2011); and (b) never received any prescription
medication during FY 2005. Because the number of these
patients was very large, we limited nonusers to those who
had medical encounters in the first 6 months of FY 2005.

2.4 Outcome Measures

Our outcomes were selected a priori to constitute known
beneficial cardiovascular effects of statins such as acute
myocardial infraction and acute cerebrovascular accidents,
known statin-associated adverse events such as diabetes
and musculoskeletal diseases, and suspected/debated sta-
tin-associated adverse events such as kidney diseases and
cataract. An event was defined as the occurrence of Inter-
national Classification of Diseases, 9th Revision, Clinical
Modification [ICD-9-CM] codes during the follow-up
period in an inpatient or outpatient setting. Our outcomes
were pre-specified diagnosis groups defined by the Agency
for Health Research and Quality-Clinical Classifications
Software (AHRQ-CCS) as the following: [17] (1) major
acute cardiovascular events (MACE), which comprised
acute myocardial infarction, cardiac arrest and ventricular
fibrillation, acute cerebrovascular disease, and peripheral
and visceral atherosclerosis; (2) diabetes; (3) diabetes with
complications; (4) nephritis and nephrosis; (5) acute and
unspecified renal failure; (6) chronic kidney disease; (7)
osteoarthritis and arthropathies; (8) spondylosis, interver-
tebral disc, back disorders; (9) dislocation, strain, sprain;
(10) obesity; (11) cataracts; (12) malignancy; [18], and (13)
death. Death was identified if the disposition code of an
inpatient or outpatient encounter, in accordance with the
MDR data dictionary, indicated death and there was no
further medical encounters after the date of death. We
could not ascertain death from social security administra-
tive data because the investigators were working with de-
identified data according to the Tricare Data Sharing
Agreement. Details of our outcomes codes are delineated in
Electronic Supplementary Material Appendix 2.

To increase the specificity of our chronic diseases
diagnosis groups as previously published [19, 20], we
required that two separate encounters carried ICD-9-CM
codes consistent with the diagnosis group of interest.
However, we accepted one encounter only in defining acute

diseases such as cardiac arrest or in conditions known to
have low sensitivity in identification using ICD-9-CM
codes such as obesity [21, 22]. A complete list of diagnoses
defined using two separate encounters is in Electronic
Supplementary Material Appendix 3.

2.5 Statistical Analyses

Patients’ comorbidities were identified using ICD-9-CM
codes, and their Charlson comorbidity total score was cal-
culated using Deyo’s method [18]. Baseline characteristics
of groups were compared using Chi square for categorical
variables and the Student’s ¢ test for continuous variables.
We used a propensity score approach to match statin users to
similar nonusers using 51 variables including: demograph-
ics, personal history, comorbidities, occurrence of outcomes
of interest at baseline, undergoing musculoskeletal proce-
dures, duration of baseline and follow-up period, and
healthcare use (Table 1) [17]. We included in our propensity
score variables what we believed would either be potentially
associated with the use of statins or the outcomes of interest.
Statin prescription may be a surrogate marker for social
status confounders, or access to healthcare; [10, 23] there-
fore, we included in the propensity score marital status,
active duty status, pay grade status, and number of inpatient
and outpatient encounters. Additionally, some studies have
shown that healthy user bias may contribute to favorable
outcomes among statin users [24], therefore, we included
variables indicative of healthcare use, visits for immuniza-
tions, and undergoing procedures as a surrogate marker for
health-conscious behavior. We used logistic regression to
create the propensity score and performed nearest number
matching with a caliper of 0.01 using previously described
routines [25-29]. After matching, we assessed the balance of
covariates based on standardized differences [30, 31]. We
also examined the proportions of patients in both treatment
arms that underwent cardiovascular procedures (Electronic
Supplementary Material Appendix 3) to ensure their
comparability.

2.5.1 Primary Analysis

We used conditional logistic regression to calculate odds
ratios (ORs) and 95 % confidence intervals (95 % CI) in
the propensity score-matched cohort in each year of fol-
low-up (FY 2006 to FY 2011).

2.5.2 Secondary Analysis

We performed two analyses:

1. We stratified outcomes by active duty status. Each
outcome was examined in a separate logistic

A\ Adis



546 I. A. Mansi et al.

Table 1 Baseline characteristics of propensity score-matched statin users and nonusers

Nonusers Statin users Standardized
(n = 1525) (n = 1525) differences
Baseline characteristics included in the propensity score
Age in years: mean (SD) 51.0 (9.8) 51.1 (9.1) 0.011
Male sex: n (%) 1260 (82.6) 1255 (82.3) 0.008
Race/ethnicity, n (%)
Caucasian 617 (40.5) 616 (40.4) 0.006
African American 64 (4.2) 62 (4.1)
Others/unknown 844 (55.3) 847 (55.5)
Marital status, n (%)
Married 724 (47.5) 710 (46.6) 0.031
Unmarried 128 (8.4) 140 (9.2)
Unknown 673 (44.1) 675 (44.3)
Active duty status, n (%)
Active duty® 830 (54.4) 795 (52.1) 0.0461
Pay grade of primary sponsorh, n (%)
Low pay grade 625 (41.0) 586 (38.4) 0.054
Intermediate/high pay grade 644 (42.2) 675 (44.3)
Unknown 256 (16.8) 264 (17.3)
Family history of cardiovascular diseases®, n (%) 21 (1.4) 25 (1.6) 0.064
Illicit drug use, n (%) 13 (0.9) 6 (0.4) 0.059
Alcohol abuse/dependence, n (%) 10 (0.7) 6 (0.4) 0.041
Smoking®, n (%) 94 (6.2) 91 (6.0) 0.008
Comorbid conditions®, n (%)
Obesity 74 (4.9) 85 (5.6) 0.031
Thyroid diseases 14 (0.9) 16 (1.0) 0.010
Diabetes mellitus’ 11 (0.7) 15 (1.0) 0.033
Gout 5(0.3) 3(0.2) 0.020
Deficiency and other anemia 16 (1.0) 14 (0.9) 0.010
Headache 24 (1.6) 27 (1.8) 0.015
Cataract 29 (1.9) 37 (2.4) 0.034
Valvular heart disease 15 (1.00) 16 (1.0) 0
Hypertension 67 (4.4) 69 (4.5) 0.005
Hypertension with complication or secondary hypertension® 9 (0.6) 5(0.3) 0.045
Non-specific chest painf 78 (5.1) 77 (5.0) 0.005
Other/ill-defined heart disease’ 3(0.2) 3(0.2) 0
Conduction disorders’ 3(0.2) 3(0.2) 0
Cardiac dysrhythmiasf 33 (2.2) 34 (2.2) 0
Aortic, peripheral, and visceral artery aneurysms 2 (0.1) 3(0.2) 0.026
Chronic obstructive pulmonary disease and bronchiectasis’ 21 (1.4) 21 (1.4) 0
Asthma 4(0.3) 7 (0.5) 0.032
Gastroduodenal ulcer 3(0.2) 4 (0.3) 0.020
Gastritis and duodenitis 7 (0.5) 9 (0.6) 0.014
Gastrointestinal hemorrhage 22 (1.4) 24 (1.6) 0.016
Osteoporosis 4 (0.3) 5(0.3) 0
Pathological fracture 2 (0.1) 1(0.1) 0
Syncope 166 (10.9) 132 (8.7) 0.074
Rehabilitation care, fitting of prostheses, and adjustment of devices 109 (7.1) 86 (5.6) 0.062
Osteoarthritis and other non-traumatic joint disorders 220 (14.4) 198 (13.0) 0.041
Spondylosis, intervertebral disc disorders, other back problems 182 (11.9) 153 (10.0) 0.061
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Table 1 continued

Nonusers Statin users Standardized
(n = 1525) (n = 1525) differences
Trauma-related joint disorders and dislocations, sprains and strains 171 (11.2) 153 (10.0) 0.039
Charlson comorbidity total score, mean (SD) 0.11 (0.39) 0.11 (0.39) 0
Underwent musculoskeletal procedures, n (%)
Procedures involving joints, muscles, and tendons 131 (8.6) 111 (7.3) 0.049
Partial or total hip or knee replacement 4(0.3) 2 (0.1 0.045
Procedures involving spinal vertebrae 5(0.3) 5(0.3) 0
Reduction of fracture and dislocation 0 (0.0) 1(0.1) 0.045
Pregnancy and delivery, n (%) 18 (1.2) 3(0.2) 0.120
Health care use
Number of inpatient encounters during baseline period, mean (SD) 0.05 (0.24) 0.05 (0.25) 0
Number of outpatient encounters during baseline period, mean (SD) 24.32 (28.86) 24.03 (18.93) —0.012
Number of encounters for immunization and infectious disease screening, mean (SD) 0.68 (1.4) 0.68 (1.4) 0
Received immunization and infectious disease screening, n (%) 473 (31.0) 464 (30.4) 0.013
No. of inpatient procedures during baseline period, mean (SD) 0.01 (0.12) 0.02 (0.14) 0.077
No. of outpatient procedures during baseline period, mean (SD) 15.52 (22.55) 15.22 (17.83) —0.015
Duration of baseline period in days, mean (SD) 1192 (236) 1200 (240) 0.034
Duration of follow-up period in days, mean (SD) 2125 (159) 2121 (154) —0.026
Other parameters not included in propensity score matching
Patients underwent cardiovascular procedures during the baseline period®
Electrocardiography 381 (25.0) 371 (24.3) 0.016
Echocardiography 50 (3.3) 45 (3.0) 0.017
Stress test 57 (3.7) 90 (5.9) 0.103
Cardiac catheterization 0 (0.0) 1 (0.1) 0.045
Percutaneous coronary intervention 0 (0.0) 0 (0.0) n/a
Coronary artery bypass graft surgery 0 (0.0) 0 (0.0) n/a
Pacemaker/defibrillator implantation 0 (0.0) 2 (0.1) 0.045
Peripheral arterial revascularization procedures 0 (0.0) 0 (0.0) n/a
Number of inpatient encounters during the follow-up period, mean (SD) 0.31 (0.86) 0.22 (0.64) —0.119
Number of outpatient encounters during the follow-up period, mean (SD) 49.12 (68.68) 49.02 (55.58) —0.002

SD standard deviation, n/a not applicable, ICD-9-CM International Classification of Diseases, 9th Revision

? Active duty status included active duty soldiers, national guards, active reservist, or active NATO soldier

b Pay grade was considered low if annual income is <US$60,000/year

¢ Family history of cardiovascular disease was defined using ICD-9-CM codes: V171, V1749, V174, V1741, and V173
4 Smoking as defined using ICD-9-CM codes: 3051 and V1582

¢ Diagnoses as defined by the Agency for Health Research and Quality Clinical Classifications Software disease and procedure categories
(appendix 2)

' Although these patients did not receive any medications and had no other diagnoses codes indicative of cardiovascular disease, they are more
likely to be seen by internists/cardiologists and to be started on statin therapy; therefore, we included these baseline characteristics in the
propensity score matching

regression model, where outcome was the dependent  2.5.3 Sensitivity Analyses
variable and statin use and propensity score as

covariates in the model. To further examine if our findings from the primary
2. We restricted analysis to individuals who did not have  analysis may be owing to unrecognized confounders, we
diabetes or obesity at baseline; thereafter, we exam-  performed several sensitivity analyses, in which we

ined the risk of each outcome in a separate logistic  adjusted for variables that were not incorporated into the
regression model, where outcome was the dependent  propensity score and that may serve as markers of health
variable and statin use and propensity score as  risk. These variables (measured at the end of the follow-
covariates in the model. up period [FY 2011]) included systolic blood pressure,
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diastolic blood pressure, body mass index, high-density-
cholesterol, and low-density-cholesterol. Because at FY
2011, both statin users and nonusers had not taken sta-
tins for 6 years, we adjusted for these variables in
multivariable logistic regression analyses to account for
any potential residual confounding. We also adjusted the
OR of MACE for undergoing the following cardiovas-
cular procedures during baseline or follow-up: electro-
cardiogram, echocardiography, stress test, and cardiac
catheterization. Finally, we performed Cox-proportional
hazard regression to assess the impact of statin use on
time to development of each outcome of interest. In
these analyses, time to first event of each outcome was
the dependent variable, statin use was a predictor
variable.

Statistical significance was defined as two-tailed p val-
ues <0.05. Statistical analyses were performed using SPSS
version 19 (IBM Corp., Armonk, NY, USA).

Nonusers
All patients who had at least 1
medical encounter during the
first half of FY 2005, but
received no prescription
medication during FY 2005, and
never received a statin
throughout the study period
from FY 2002-FY 2011

N = 189770

I

3 Results

The details of the cohort assembly are shown in Fig. 1. We
identified 185,005 nonusers and 1554 statin users that met
study inclusion criteria. The distribution of race/ethnicity
was as follows: 64.1 % unknown, 23.8 % Caucasians,
6.3 % African Americans, 0.2 % Hispanics, 0.1 % Native
Americans, and 5.6 % others including southwest Asians,
Asians, Filipino, and others. Because multiple sub-classi-
fications weaken statistical power, and with such small
proportions having a meaningful interpretation is unlikely,
we limited our race/ethnicity groups to Caucasians, African
Americans, and others/unknown. We successfully matched
1525 pairs of nonusers and statin users with good balance
on all variables with two exceptions (Table 1); there were
modestly higher rates of pregnancy and delivery (1.2 vs.
0.2 %) and syncope (10.9 vs. 8.7 %) in nonusers vs. statin
users. As expected, our cohort was very healthy at baseline

Statin users
All patients who received a
statin prescriptions during FY
2005 as their only prescription
medication

N =2275

4765 nonusers and 149 statin users excluded to form healthy cohort

]

l

Nonusers Statin users
N = 185005 N =2126
Statin users who filled
< 2 statin prescriptions P
or < 90 days
N =572
Nonusers Statin users
N = 185005 N =1554
Propensity score matching
\ 4 V4
Nonusers Statin users
N = 1525 N = 1525

Fig. 1 Study design and cohort assembly. FY fiscal year
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with low rates of chronic diseases (mean Charlson
comorbidity score = 0.11). Despite being healthy subjects,
they had many medical encounters during the baseline
period (approximately 24 outpatient visits), which is partly
owing to the mandatory requirements of MHS for periodic
health assessments for active duty soldiers. To ensure that
we were able to successfully match cardiovascular risk in
both groups, we examined rates of cardiovascular proce-
dures during the baseline period. Use of electrocardiogra-
phy and echocardiography were similar in both groups, but
the proportion of those who had a cardiac stress test was
lower in nonusers vs. statin users (3.7 vs. 5.9 %); however,
only one patient underwent cardiac catheterization and
none underwent a revascularization procedure.

Among statin users, the mean duration of statin use was
254 days (standard deviation 89 days); 76 % of the pre-
scriptions were for simvastatin, 19 % for atorvastatin, 3 %
for pravastatin, and 1 % for rosuvastatin. At some point
during FY 2005, 311 (20.4 %) used low-intensity statins,
1211 (79.4 %) used moderate-intensity statins, and 145
(9.5 %) used high-intensity statins (not additive because a
single patient may be given different strengths at different
times). Statin intensity was defined according to the 2013
American College of Cardiology/American Heart Associ-
ation cholesterol guidelines with modification to include
simvastatin 80 mg in the high-intensity group [32], which
was in use at the study time but not of the guideline
writings.

3.1 Outcomes

Tables 2 and 3 depict our outcomes; 0.9 % of nonusers and
1.8 % of statin users were diagnosed with diabetes during
the first year of follow-up (FY 2006), OR 2.18 (95 % CI
1.12-4.22). The increased risk of diabetes consistently
remained high throughout the follow-up years; in FY 2011,
9.0 % of nonusers and 16.0 % of statin users were diag-
nosed with diabetes (OR 1.93, 95 % CI 1.55-2.41). The
risk for diabetes with complications also was higher among
statin users beginning at FY 2008 with OR 3.52 (95 % CI
1.16-10.73) and consistently remained high throughout the
follow-up years; in FY 2011, 1.1 % of nonusers and 2.4 %
of statin users were diagnosed with diabetes with compli-
cations (OR 2.15, 95 % CI 1.2-3.86). Similarly, the risk of
obesity was higher among statin users from FY 2006 (OR
1.7, 95 % CI 1.11-2.62) to FY 2011 (OR 1.21, 95 % CI
1.01-1.45), except for FY 2007 (OR 1.25, 95 % CI
0.94-1.66). There was no difference in the risk of muscu-
loskeletal diseases, renal diseases, or malignancy between
statin users and nonusers.

Only 3 (0.2 %) nonusers and 2 (0.1 %) statin users were
diagnosed with MACE in FY 2006. During FY 2006 to FY
2011, only 2 % of nonusers and 2.3 % of statin users were

diagnosed with MACE and the risk of MACE was not
significantly different between treatment groups (OR 1.17,
95 % CI 0.72-1.92). During FY 2006 to FY 2011, only
1 % of nonusers and 1 % of statin users underwent cardiac
catheterization, 0.3 % of nonusers and 0.4 % of statin users
underwent percutaneous coronary intervention, and 0.2 %
of nonusers and 0.5 % of statin users underwent coronary
artery bypass graft surgery.

Secondary analyses were generally in line with primary
analysis showing that statin users in comparison to
nonusers in active duty and non-active duty subgroups
had no statistically significant OR for MACE, but had
higher OR for diabetes (Table 4). Restricting analysis to
individuals without obesity or diabetes at baseline showed
consistent results similar to the primary analysis. Our
sensitivity analysis confirmed the findings of our primary
analysis (Tables 3, 5); the risk of diabetes, diabetes
complications, and obesity persisted throughout the fol-
low-up period (FY 2006 to FY 2011), despite various
adjustments. Assuming that baseline confounders may
have contributed to the higher risk of diabetes among
statin users (for example, clinicians may have prescribed
statins because of their perception of a patient’s unwill-
ingness to diet and exercise), we adjusted for body mass
index, systolic blood pressure, and diastolic blood pres-
sure at FY 2011, and propensity score. Adjusting for these
covariates did not change our findings; OR 2.43 (95 % CI
1.82-3.24) for diabetes and OR 2.34 (95 % CI 1.10-5.05)
for diabetes with complications. Table 6 delineates types
of diabetic complications in statin users and nonusers.
Similarly, adjusting for these variables and lipid values, or
undergoing cardiologic procedures during the follow-up
did not change our findings regarding MACE (OR 2.12,
95 % CI 0.81-5.60). Of note, five patients of nonusers
died during the follow-up period, but none of the statin
users; however, it did not reach statistical significance.
The cause of deaths could not be ascertained but they
were not associated with trauma/injury according to MDR
dictionary coding.

Additionally, we performed a post hoc analysis exam-
ining the relation of statin use and the presence of diabetes
and obesity at baseline to further determine if confounding
by indication might have played a role. In these analyses,
each of diabetes and obesity at baseline were entered as an
outcome in a separate logistic regression model, and statin
use as a covariate. Neither diabetes nor obesity at baseline
was significantly related to statin therapy (OR 1.16, 95 %
CI 0.84—-1.56 for obesity at baseline and OR 1.37, 95 % CI
0.63-2.99 for diabetes at baseline).

Time-to-event analyses showed a similar pattern
(Table 7) of increased hazards of diabetes and diabetes
complications in statin users with no difference in MACE
(Fig. 2).

A\ Adis



I. A. Mansi et al.

550

[BAIUI QOUIPYUOD ) ‘ONel SPPO Y ‘SIeAK [edsy sf,{ ‘(INJSUIUBIUW JOU SeM YO JO UONLNOTEd ‘SULTR JUSUIEAI) AU} UT SJUSAD JO IdquInU [[ews dy) 0) Suimo) djqedrjdde jou nyu

SISOIQ[OSOIYIE [RIFOSIA pue [eroydirod pue ‘AseasIp Ie[NOSLA0IGAIRd AINOE ‘UONR[[LIQY JB[NJLIUSA PUE ISALIR ORIPIED ‘UONOIRIUT [RIPIBJOAW 9)nok :JO Pasoduiod ST SJUAAD JB[NISEAOIPIRD Ande Iole]y

100°0 > d e juedyIusIs A[[eonsne)s a1om sdIfell pue pjoq y1oq ur sYQ 10°0 > d 1e Juedyrudis A[[esnsnels arom p[oq ur sy S0'Q > d e Jueoyrusis A[[eonsne)s arom soIfel ul sYQ

(60'1-5S°0) 8L°0
(86'1-¢0°1) ¢¥'I
(T1'1-08°0) €60

(80°1-LL'0) 16°0
(L1'1-98°0) 00'T
(2T9'1-62°0) 69°0
(I8'1-62°0) €L°0

(16'87-1€°0) 00°€
(cs1-€0'1) sT'I
(80'+80°1) I'C
(€8°T-1L°T) 0TC
(8€°C-61°0) 80'1
(LTT-€1°0) 0¥'0

(0091-90°0) 1

(¥6'81-68°0) 0¥
O1T-LY0) 61'1

(1T°1-95°0) €8°0
(8T°C=50'1) SS'T
OT'T-€L'0) 06'0

O1'1-9L°0) 160
(LT'1-68°0) 00'T
(€0'T-1€°0) 080
(91'T-92°0) SL'O
(16'8T-1€°0)
00°¢

(69°1-60°'T) 9€'T
(22°9-80'1) 65°C
(Lze-6LD eke
(81'¢-6+°0) ST'T
(99'1-11°0) €0
ﬁ\:

(90°0S—2L0) 209
(29'7-89°0) v€'1

(S9'1-99°0) SO'T
(b8'T-IT'D) 8L'T
F1°1-2L°0) 060

(T 1L'0) 160
(L1'1-28°0) 66°0
(S6'T-L1°0) LSO
(SE€-L1°0) SL'O

B/u

(L°1-90°1) 9€°1
(eL°01-91'1) TS°€
(zT+86°1) 86°C
(98'7-6€°0) 00°1
(€L'T-60°0) 0S°0
B/Uu

(60'T=81°0) 00T
(8%'2-81°0) 601

(SS'1-€5°0) 160
(6£T-6L°0) LE'T
(ST°1-L9°0) 88°0

(10'1-€9°0) 08°0
(ZT1-08°0) 660
(¥T'T-€0°0) TTO
(2$'6-60°0) 050

B/U

(99'1-¥6'0) ST’
(96'0¢-86'0) TSV
(€S €-S¥'D 92°C
(00'-€1°0) 05°0
B/u

B/Uu

B/u

(STT=€T0) 1L°0

000
(8'1) 9t
(0D o¢
(0°L) LOT

(1'6) 6€1
6C1) L6l
(1o 1
(o) 1

1o
(L) zin
(9°0) 6
@9 9
To ¢
000
o1
(1o) 1
(€0 S

000
02 8T
W'D e
(6'L) 121

(I'1D) OLI
€D 661
(€0 ¥
1o e

000
09 16
aozc
61 6T
09
To 1
000
000
(S0 L

(19'1-€€°0) €L°0
(81°€-95°0) ¥€'1
(9T'1-09°0) L8°0

(L6°0-15°0) 00
Q7' 1-+8°0) 11'T
e/u

(00°91-90°0) 001

e/u
(coc-1rr)oLt
(60'7T-81°0) TT'T
(czr=crn) 8re
e/u
B/u
'/u
B/u

(66'€-11°0) L9°0

000

(8°0) 11
(8°0) ¢TI
9¢) s§

&) L9
(L) 901

000

To) 1

000
(Le) LS
1o ¢
(81) 8¢
000
000
1o 1
To)1
Toec

000
(T vi
90 6
(1) €9

(T9 16
(€9) 96
(1o c
(Tro) 1

000
(T ve
1ot
(6°0) €1
1oz
1ot
000
00 0
(To) €

qreeq
KoueuSieN

sjoereje)

ureds/urens/uonesorsIq

SIOPIOSIP

Jorq “OSIp [RIqRIIDAIAUI ‘sTso[Apuodg
sonypedoryre pue SULIYIIROAISO
9seasIp AQupry J1uoIy)

amjrey [eual payradsun pue ANOYy

sisoqydou pue snuydon

AsaqO

suonedridwod ym seqeIq

SMI[[OW $3)oqRI

SISOIO[OSOIAYIE [RISOSIA PUE [eIoydLIdg
ASBASIP IR[NOSBAOIGRID ANIY
UONE[[IIqY Je[NOINUSA PUE JSALIE JBIPIED)
UONOTRJUI [RIPIEOOAW AINJY

SJUSAQ TR[NISEAOIPIED ANde Iofey

(1D % $6) 4O

0102-900C SAd

(1D % $6) 4O

600T-900T Ad

(1D % $6) 4O

800C-900T SAA

(1D % $6) 4O

geel
(9) u ‘s1esn unei1s

gesl
(%) u ‘sresnuoN

(1D % $6) 4O

STsl
(%) u ‘s1osn unel§

49!
(%) u ‘sxosnuoN

(porrad

dn-mor]oJ o Jo Teak puodas pue ISIY) /0079007 SAA

(potrad dn-mojoy ayp Jo reak 1s14) 900T A

0102-900C SAd dn-mofjoj Surmnp 110yod paydrew-A)suadord ay) ur sresnuou Je[ruuls YHm uosedwod Ul sI19sn UIje)s WId)-1I0Ys Ul SAWOIINO ULIR)-I9)I0YS T d[qRL

A\ Adis



Outcomes of Short-Term Statin Use in Healthy Adults

551

4 Discussion

This study of healthy adults demonstrated that short-term
statin use (averaging about 8 months) for primary pre-
vention was associated with approximately double the odds
of developing diabetes and diabetic complications. Of more
concern, this increased risk persisted for at least 5 years
after statin use stopped. While short-term statin exposure
was associated with increased adverse outcomes, we found
no evidence of countervailing cardiovascular benefits in
this healthy low-cardiovascular-risk population. Statin
users had the same low rates of MACE as non-users, as
well as a similarly low incidence of invasive cardiac and
revascularization procedures.

Our study did not find a difference in MACE between
statin users and nonusers, which may be owing to the short
period of statin administration (mean 254 days), and the
low overall incidence of MACE in our healthy cohort. This
study’s population is uniquely different from populations
examined in major statin, primary prevention RCTs or
observational studies. First, >50 % of subjects were active
duty soldiers who can be considered very active physically.
The mandatory biannual military physical testing, which
include measured push-ups, sit-ups, and a timed two-mile
run, is a good marker of physical fitness [33]. This can
explain the very low rates of MACE in our cohort because
excellent functional capacity status (>10 Metabolic
Equivalents) has been shown to be associated with lower
cardiovascular morbidity and mortality regardless of the
anatomical extent of coronary artery disease [34, 35]. Such
a healthy physically active population was never inten-
tionally included in any statin primary prevention RCT.
Second, no statin primary prevention RCT limited inclu-
sion to participants who received no other prescription
medications other than statins or ensured inclusion of
healthy adults only. In contrast, a meta-analysis of statins
primary prevention trials included patients with several
comorbidities including diabetes, peripheral vascular dis-
eases, heart failure, or elevated C-reactive protein [36].

It may seem non-intuitive that the risk of diabetes and
diabetic complications persisted after statin use stopped.
However, several points need to be considered. First, sta-
tins beneficial effects/adverse events may linger for pro-
longed periods after discontinuing therapy. Several studies
noted that statins cardiovascular benefits persisted for at
least 5 years after their discontinuation [37-39], an effect
referred to as “a legacy effect” [40]. However, a large
observational study (more than 2 million subjects) noted
that prior statin use was associated with higher risks of
moderate or serious myopathy and acute renal failure,
which persisted 3 years after stopping statins [4]. Second,
there is a lag time between acquiring type 2 diabetes as a

disease and the formal diagnosis, typically 4-6 years [41].
Therefore, the diabetes that was diagnosed in 2008 might
have occurred at the time of statin exposure but was
diagnosed later. Indeed, Table 3 shows that the OR of
incident diabetes and diabetic complications peaked at FY
2008 (fourth year after prescribing statin). Third, statins
effects on the immune system and transcription factors in
cells offer a plausible mechanism that may explain why
their effect may last after the discontinuation of therapy, as
detailed later. Last, the timeline of developing diabetes in
relation to statin use is not known, although the increased
risk of diabetes among statin users is well described in
several studies [1, 2, 42-44]. In the JUPITER trial (the
Justification for the Use of Statins in Prevention: an
Intervention Trial Evaluating Rosuvastatin), a higher inci-
dence of diabetes was noted among statin users despite the
short median follow-up of 1.9 years [42]. Our study indi-
cates that the risk of diabetes is higher with a much shorter
duration of statin use and it may persist after the discon-
tinuation of statins.

Although there is no well-defined mechanism that
explains the relation of statins to diabetes, statins have
complex pleotropic effects inclusive of several pathways
other than lipid-lowering effects [23]. Statins mitochon-
drial effects include inhibition of ubiquinone synthesis,
which consequently reduce adenosine triphosphate,
resulting in inhibition of adenosine triphosphate-dependent
potassium secretion and reduction in insulin secretion.
Statins have been shown to inhibit glucose-induced, cal-
cium signaling-dependent insulin secretion [45, 46].
Additionally, atorvastatin was noted to negatively affect
the glucose transporter-4 expression on adipocytes, leading
to impaired glucose uptake [47]. Using the available
experimental evidence, some authors proposed a paradigm
for statin-induced impairment of glucose metabolism
including the decrease of important downstream cellular
products such as coenzyme Q10, farnesyl pyrophosphate,
geranylgeranyl pyrophosphate, and dichol; their depletion
leads to reduced intracellular signaling [48]. Other mech-
anisms included inhibition of adipocyte differentiation,
through inhibition of important transcription factors,
resulting in increased insulin resistance; inhibition of iso-
prenoid synthesis, resulting in increasing adipocyte insulin
resistance; inhibition of adiponectin secretion, which cor-
relates with insulin resistance, obesity, and the metabolic
syndrome; negatively regulating B-cell mass through sup-
pression of leptin secretion from adipocytes; uncoupling
protein 3, resulting in insulin resistance; expression on
microRNA, resulting in impairment on insulin secretion
and induction of B-cell dysfunction [48]. Statins effects on
oxidation and overproduction of nitric oxide were also
thought to result in apoptosis of B cells [46, 49].
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Table 3 Long-term outcomes in short-term statin users in comparison with similar nonusers in the propensity-matched cohort during follow-up
until FY 2011

FYs 2006-2011 (follow-up period)

Nonusers, n (%) Statin users, n (%) OR (95 % CI) p value Adjusted OR p value
1525 1525 95 % CI)
Major acute cardiovascular events® 30 (2.0) 35 (2.3) 1.17 (0.72-1.92) 0.53 1.88 (0.80-4.47)° 0.43

1.82 (0.76-4.3)°  0.18
2.12 (0.81-5.60)*  0.31
1.53 (0.82-2.87)° 0.18
1.74 (0.94-3.32)"  0.10

Acute myocardial infarction 4 (0.3) 8 (0.5) 2.00 (0.60-6.67) 0.26

Cardiac arrest and ventricular fibrillation 1(0.1) 1(0.1) 1 (0.06-16.00) 1.00

Acute cerebrovascular disease 13 (0.9) 9 (0.6) 0.69 (0.29-1.62) 0.40

Peripheral and visceral atherosclerosis 16 (1.0) 17 (1.1) 1.06 (0.54-2.11) 0.86
Patients who underwent cardiovascular procedures during follow-up

Electrocardiography 841 (55.1) 816 (53.5) 0.38

Echocardiography 201 (13.2) 190 (12.5) 0.59

Stress test 187 (12.3) 238 (15.6) 0.009

Cardiac catheterization 16 (1.0) 16 (1.0) 1.00

Percutaneous coronary intervention 5(0.3) 6 (0.4) 1.00

Coronary artery bypass graft surgery 3(0.2) 7 (0.5) 0.34

Pacemaker/defibrillator implantation 4(0.3) 2 (0.1) 0.69

Peripheral arterial revascularization procedures 1(0.1) 1(0.1) 1.00
Diabetes mellitus 137 (9.0) 244 (16.0) 1.93 (1.55-2.41) <0.001 2.43 (1.82-3.24)¢ 0.03
Diabetes with complications 17 (1.1) 36 (2.4) 2.15 (1.20-3.86) 0.010 2.34 (1.10-5.05)¢ 0.03
Obesity 265 (17.4) 309 (20.3) 1.21 (1.01-1.45) 0.04
Nephritis and nephrosis 1 (0.1) 3(0.2) 3.00 (0.31-28.91) 0.34  0.61 (0.03-11.0)° 0.74
Acute and unspecified renal failure 19 (1.2) 9 (0.6) 0.47 (0.21-1.04) 0.06 0.96 (0.23—4.01)° 0.96
Chronic kidney disease 19 (1.2) 12 (0.8) 0.63 (0.30-1.30) 0.21 0.32 (0.10-1.03)° 0.6
Osteoarthritis and arthropathies 589 (38.6) 584 (38.3) 0.99 (0.85-1.14) 0.85 091 (0.76-1.09)" 0.32
Spondylosis, intervertebral disc, back disorders 437 (28.7) 415 (27.2) 0.93 (0.80-1.09) 0.38 0.97 (0.79-1.17)" 0.72
Dislocation/strain/sprain 360 (23.6) 330 (21.6) 0.89 (0.75-1.06) 0.19  0.75 (0.61-0.92)" 0.007
Cataracts 80 (5.2) 115 (7.5) 1.47 (1.10-1.98) 0.01 0.94 (0.56-1.59)° 0.83

1.39 (0.93-2.08)" 0.11

Malignancy 96 (6.3) 77 (5.0) 0.79 (0.58-1.08) 0.14  0.73 (0.50-1.06)" 0.10
Death 5(0.3) 0 (0.0) 0.003 (0—o0)

FYs fiscal years, OR odds ratio, CI confidence interval, HDL high-density lipoprotein, LDL low-density lipoprotein

? Major acute cardiovascular events is composed of: acute myocardial infarction, cardiac arrest and ventricular fibrillation, acute cerebrovascular disease,
and peripheral and visceral atherosclerosis

° Adjusted for: Systolic blood pressure, diastolic blood pressure, body mass index, HDL-Cholesterol, LDL-Cholesterol; results were available for 1192
patients only

¢ Adjusted for: Presence of diabetes mellitus during followup period, systolic blood pressure, diastolic blood pressure, body mass index, HDL-Cholesterol,
LDL-Cholesterol, and propensity score; results were available for 1192 patients only

9" Adjusted for: Systolic blood pressure, diastolic blood pressure, body mass index, HDL-Cholesterol, LDL-Cholesterol during FY 2011, propensity score,
and presence of diabetes mellitus during followup period; results were available for 1192 patients only

¢ Adjusted for: Systolic blood pressure, diastolic blood pressure, body mass index, propensity score, and undergoing the following procedures at baseline:
Echocardiography, electrocardiography, stress test, and cardiac catheterization; results were available for 1997 patients only

 Adjusted for: Systolic blood pressure, diastolic blood pressure, body mass index, and undergoing the following procedures at follow-up: Echocar-
diography, electrocardiography, stress test, and cardiac catheterization; results were available for 1997 patients only

€ Adjusted for: Systolic blood pressure, diastolic blood pressure, body mass index at FY 2011, and propensity score; results were available for 1997
patients only

" Adjusted for: Presence of diabetes mellitus during follow-up period, systolic blood pressure, diastolic blood pressure, body mass index, and propensity
score; results were available for 1997 patients only
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Additionally, statins have proinflammatory effects (in
addition to their well-known anti-inflammatory effects).
Statins have been shown to increase interleukin-1f and
interleukin-18 through their effect on the NOD-like
receptor family pyrin domain containing 3 (NLRP 3)
inflammosome [50]. NLRP 3 shows increased activity in
patients with type 2 diabetes, and blocking or deleting
components of the inflammosome reduces insulin resis-
tance in animal models. Therefore, some authors proposed
that statins proinflammatory effects through their effects on
NLRP 3 inflammasome are a major factor in increasing the
risk of diabetes in statin users [50]. Last, a recent Men-
delian randomization study noted that common variants in
the  hydroxyl-methylglutaryl-coenzyme-A  reductase
(HMGR) gene (that would result in an effect similar to
statins) were associated with lower low-density lipopro-
tein-serum levels, increased body mass index, increased
insulin resistance, and a higher likelihood of being diag-
nosed with type 2 diabetes [51]. Such findings further
support the link between statins and higher risk of diabetes
and obesity and demonstrates that such an effect is an “on-
target” effect [52]. Both statins effects on the immune
system and transcription factors might explain their “le-
gacy effects” after the discontinuation of therapy.

Several studies noted that statin use is associated with
high blood glucose levels. In one study, effects of ator-
vastatin (10 mg/day) on glycemic profiles of 78 patients
with diabetes were studied over 12 weeks [47]. Treatment
with atorvastatin attenuated adipocyte maturation by
inhibiting isoprenoid biosynthesis and significantly
increased glycosylated hemoglobin; this effect was greater
in the non-obese subgroup [47]. In another retrospective
study including 1060 patients, statin use was associated
with increased glycosylated hemoglobin in comparison to
non-users [53]. In another observational study (345,417
patients, 20 % statin users) from the Veterans Affairs
Health Care System, the change in fasting plasma glucose
(FPG) over a mean time of 2 years was examined [54].
Among patients without diabetes, FPG increased with
statin use from 98 to 105 mg/dL, and among patients with
diabetes, FPG increased with statin use from 102 to
141 mg/dL. After adjustment, the change in FPG in non-
diabetic statin users was still higher than nonusers [54].
Such an effect may partially explain the association of
statins with a higher risk of diabetic complications. In a
recent study, we have reported the association of statin use
with the increased risk of diabetic complications including
uncontrolled diabetes, diabetes with renal manifestations,
diabetes with ophthalmic manifestations, diabetes with
neurological manifestations, and diabetes with peripheral
circulation manifestations, but not diabetes with hypo-
glycemia [2].

A large body of studies strongly associates statins with
obesity. In addition to in vitro studies summarized earlier,
in an experiment on 70 Ziicker rats, which were treated
with different statins for 6 weeks, liver and white adipose
tissue were dissected and weighted. Statin-treated rats had
a higher body weight than controls, increased adipose tis-
sue size, increased de novo lipogenesis, increased fatty acid
uptake from circulating triacylglycerols, and increased
hepatic triacylglycerols content [55]. Additional evidence
from randomized trials, observational studies from
patients’ survey, retrospective cohort studies, and Men-
delian randomization studies also support such relation. A
cross-sectional study from the NHANES study (National
Health and Nutrition Examination Survey), including
27,886 US adults, evaluated caloric and fat intake and body
weight from 1999 through 2010 [3]. Among statin users,
caloric intake in the 2009-2010 period was 9.6 % higher
(95 % CI 1.8-18.1; p = 0.02) than that in the 1999-2000
period, in contrast of nonusers. Statin users fat intake also
increased 14.4 % (95 % CI 3.8-26.1) while not changing
significantly among nonusers. Additionally, body mass
index increased more among statin users (+41.3) than
among nonusers (40.4) [3]. Additionally, a RCT of 1016
subjects noted that statin users reported higher levels of
“decrease in energy” and “fatigue with exertion” in
comparison to nonusers [56]. Several studies and a meta-
analysis have reported that statins increased the risk of
myopathy and reduced muscle strength and exercise tol-
erance. Fatigue and myopathy may be reasonably argued to
result in decreased physical activity and increased obesity.
Last, a recent Mendelian randomized trial (summarized
earlier) gives additional insight into the link between
HMGR activity and obesity [51, 52].

Our findings raise concerns about the risk—benefit ratio
of statins among lower risk, physically active, healthy
individuals because short-term statin exposure doubled the
risk of adverse consequences without any of the desired
cardiovascular benefits. In other words, “a little bit of a
good thing may not be necessarily good”. Consequently,
further study is urgently needed to appropriately inform
patients about the risks associated with non-commitment to
statin therapy.

From a provider perspective, these findings should be
taken as a cautionary message that prescribing statins in
low-risk populations for primary prevention might have a
very different harm and benefit balance than what would be
inferred from extrapolating the powerful benefits of statins
in higher risk populations. Concerns have been raised that
risk overestimation by the recent ACC/AHA pooled risk
calculator [6, 7] may entice practitioners to accept that
more healthy individuals will be treated with statins [7].
Our study offers a cautionary note against this approach.
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Table 4 Secondary analysis of long-term outcomes in statin users in comparison with nonusers during follow-up until FY 2011

Nonusers, n (%) Statin users, n (%) Adjusted OR* (95 % CI) p value

Outcomes in active duty military only (830 nonusers and 795 statin users)

Major acute cardiovascular events 9 (1.1) 13 (1.6) 1.59 (0.67-3.76) 0.29
Diabetes mellitus 48 (5.8) 99 (12.5) 2.34 (1.63-3.36) <0.0001
Diabetes with complications 8 (1.0) 12 (1.5) 1.57 (0.64-3.86) 0.33
Obesity 148 (17.8) 166 (20.9) 1.25 (0.98-1.60) 0.08
Nephritis and nephrosis 1(0.1) 3(0.4) 3.24 (0.33-31.47) 0.31
Acute and unspecified renal failure 304 2 (0.3) 0.72 (0.12-4.32) 0.71
Chronic kidney disease 9 (1.1) 5 (0.6) 0.58 (0.19-1.75) 0.33
Osteoarthritis and arthropathies 390 (47.0) 344 (43.3) 0.88 (0.72-1.07) 0.20
Spondylosis, intervertebral disc, back disorders 292 (35.2) 258 (32.5) 0.90 (0.73-1.10) 0.31
Dislocation/strain/sprain 261 (31.4) 228 (28.7) 0.89 (0.72-1.09) 0.26
Cataracts 22 (2.7) 35 4.4) 1.97 (1.12-3.45) 0.02
Malignancy 38 (4.6) 29 (3.6) 0.85 (0.51-1.39) 0.51
Outcomes in non-active duty military only (695 nonusers and 730 statin users)

Major acute cardiovascular events 21 (3.0) 22 (3.0) 0.99 (0.54-1.82) 0.98
Diabetes 89 (12.8) 145 (19.9) 1.69 (1.26-2.25) <0.0001
Diabetes with complications 9 (1.3) 24 (3.3) 2.56 (1.20-5.63) 0.02
Obesity 117 (16.8) 143 (19.6) 1.20 (0.92-1.58) 0.18
Nephritis and nephrosis 0 0 n/a

Acute and unspecified renal failure 16 (2.3) 7 (1.0) 0.41 (0.17-0.998) 0.05
Chronic kidney disease 10 (1.4) 7 (1.0) 0.66 (0.25-1.75) 0.41
Osteoarthritis and arthropathies 199 (28.6) 240 (32.9) 1.22 (0.97-1.53) 0.09
Spondylosis, intervertebral disc, back disorders 145 (20.9) 157 (21.5) 1.04 (0.80-1.34) 0.78
Dislocation/strain/sprain 99 (14.2) 102 (14.00 0.99 (0.73-1.32) 0.88
Cataracts 58 (8.3) 80 (11.0) 1.35 (0.94-1.94) 0.10
Malignancy 58 (8.3) 48 (6.6) 0.76 (0.51-1.14) 0.19

Outcomes in patients without obesity or diabetes® at baseline (1441 nonusers and 1429 statin users)

Major acute cardiovascular events® 30 (2.1) 31 (2.2) 1.05 (0.63-1.75) 0.85
Diabetes 119 (8.3) 221 (15.5) 2.05 (1.61-2.59) <0.0001
Diabetes with complications 13 (0.9) 30 (2.1) 2.35 (1.22-4.53) 0.01
Obesity 226 (15.7) 264 (18.5) 1.22 (1.003-1.48) 0.05
Nephritis and nephrosis 1(0.1) 3(0.2) 3.02 (0.31-29.11) 0.34
Acute and unspecified renal failure 18 (1.2) 9 (0.6) 0.50 (0.23-1.13) 0.10
Chronic kidney disease 19 (1.3) 12 (0.8) 0.64 (0.31-1.31) 0.22
Osteoarthritis and arthropathies 549 (38.1) 541 (37.9) 0.99 (0.85-1.15) 0.90
Spondylosis, intervertebral disc, back disorders 416 (28.9) 386 (27.0) 0.91 (0.77-1.07) 0.27
Dislocation/strain/sprain 329 (22.8) 311 (21.8) 0.94 (0.79-1.12) 0.48
Cataracts 77 (5.3) 106 (7.4) 1.45 (1.07-1.98) 0.02
Malignancy 88 (6.1) 69 (4.8) 0.78 (0.56-1.08) 0.78

n/a not applicable, FY fiscal year, OR odds ratio, CI confidence interval, /CD-9-CM International Classification of Diseases, 9th Revision,
Clinical Modification

% Adjusted for propensity score
P At baseline, 11 nonusers and 15 statin users carried an ICD-9-CM codes significant of diabetes but did not receive any diabetes medications

¢ Major acute cardiovascular events is composed of: acute myocardial infarction, cardiac arrest and ventricular fibrillation, acute cerebrovascular
disease, and peripheral and visceral atherosclerosis

A\ Adis



Outcomes of Short-Term Statin Use in Healthy Adults 555
Table 5 Comparisons of vital signs and laboratory values at end of the follow-up period (FY 2011) in statin users and nonusers
Nonusers Statin users p value
No. of available observations  Mean (SD) No. of available observations  Mean (SD)
Systolic blood pressure (mmHg) 919 128.4 (13.3) 1141 128.1 (11.4) 0.61
Diastolic blood pressure (mmHg) 919 79.7 (8.8) 1141 79.5 (7.6) 0.62
Body mass index (kg/m?) 892 28.1 (4.6) 1124 28.6 (4.2) 0.04
HDL-cholesterol (mg/dL) 442 51.1 (16.0) 857 48.9 (13.1) 0.01
LDL-cholesterol (mg/dL) 489 116.7 (30.9) 917 113.2 (31.0) 0.04
Hemoglobin (g/dL) 420 14.5 (1.4) 567 14.7 (1.3) 0.14
Serum sodium (mEq/dL) 300 140.2 (2.9) 537 140.3 (2.6) 0.43
Serum creatinine (mg/dL) 314 1.05 (0.37) 541 0.99 (0.18) 0.006
Glycosylated hemoglobin (%) 103 6.02 (1.00) 207 6.06 (0.74) 0.71
FY fiscal year, HDL high-density lipoprotein, LDL low-density lipoprotein, SD standard deviation
Table 6 Comparison of Components of diabetes complications Statin nonusers, Statin users, n (%) p value
components of most common n (%) (n = 15,251) (n = 15,251)
diabetes mellitus complications
in statin users and nonusers Uncontrolled diabetes, and diabetes with 17 (1.1) 34 (2.2) 0.02
hyperosmolar, or ketotic coma
Diabetes with renal manifestations 4 (0.3) 0 (0) 0.13
Diabetes with ophthalmic manifestations 2 (0.1 4 (0.3) 0.69
Diabetes with neurological manifestations 3(0.2) 5(0.3) 0.73
Diabetes with peripheral circulation 1(0.10 0 (0) 1.0

manifestations

Table 7 Long-term hazard ratios of outcomes in short-term statin
users in comparison to similar nonusers in the propensity-matched
cohort during follow-up

FYs 2006-2011

Hazard ratio p value
95 % CI)
Diabetes mellitus 1.87 (1.52-2.31) <0.0001
Diabetes with complication 2.13 (1.20-3.80) 0.01
Major acute cardiovascular events® 1.17 (0.72-1.90) 0.53
Major acute cardiovascular events 1.03 (0.64-1.65) 0.90
and/or death
All kidney diseases® 0.65 (0.38-1.10) 0.11
Osteoarthritis and arthropathies 0.995 (0.89-1.12) 0.94
Spondylosis, intervertebral disc, back  0.93 (0.81-1.06) 0.29
disorders
Dislocation/strain/sprain 0.92 (0.79-1.07) 0.26
Cataracts 1.45 (1.09-1.93) 0.01

CI confidence interval, FYs fiscal years

4 Major acute cardiovascular events is composed of: acute myocar-
dial infarction, cardiac arrest and ventricular fibrillation, acute cere-
brovascular disease, and peripheral and visceral atherosclerosis

> All kidney diseases are composed of: acute and unspecified renal
failure; chronic kidney disease; and nephritis and nephrosis

Our study has several limitations including its retro-
spective observational design. Comparing risks of cardio-
vascular diseases, diabetes, and diabetic complications
between statin users and nonusers in observational data is
subject to confounding by indication. Despite our best
effort to include relevant confounders in our propensity
score, unidentified confounders is a major limitation of
observational studies. To minimize the latter, we excluded
outcomes during the exposure period as previously rec-
ommended [57-59]. We also limited our statin users to
those who used statins in FY 2005 only because studies
have shown that non-persistent patients commonly have
lower comorbidities [14, 15]. We also excluded those with
chronic diseases and those who received any prescription
medication other than a statin in the statin user group to
ensure homogeneity of our cohort. At the year 2005, the
prevalent guidelines for prescribing statins (modified
ATPIII) did not recommend statins for obese individuals;
rather, the guidelines clearly and explicitly recommended
lifestyle modifications and not statins [60]. We also per-
formed post hoc regression analysis, which did not show
that statin use was related to obesity or diabetes at baseline
(as detailed earlier). Additionally, adjusting the risk of
outcomes (including diabetes) for actual body mass index
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Fig. 2 Time to diagnosis of diabetes mellitus in statin users and nonusers

and other laboratory tests at the end of the follow-up period
in our sensitivity analyses did not change or weaken our
findings, rather it increased the OR of outcomes. Addi-
tionally, if our findings were mainly owing to confounding,
we would expect that other outcomes have yielded positive
findings, specifically, MACE or other outcomes related to
obesity (such as osteoarthritis, arthropathy, kidney dis-
eases, and malignancy). The increased OR of diabetes
among statin users peaked at FY 2008 and then started to
decrease. This timeline, which is in line with the known
time lag between diabetes incidence and its diagnosis,
suggests a true relation; if the increased OR was owing to
confounders, we would expect the OR to continue to rise.
We also examined the risk of undergoing cardiac proce-
dures during baseline, which were not included in our
propensity score matching, to serve as a measure for our
success in minimizing confounding; only one patient
underwent cardiac catheterization and none of the patients
had any revascularization procedures. Cook and Ridker
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suggested doubling the risk of cardiovascular events to
adjust for confounding by indication among statin users
[61]; even if we applied such an assumption to our data, the
absolute number of MACE would be still small in com-
parison to patients with diabetes and diabetic complica-
tions. Probably, using a larger sample size might have
detected a difference in MACE. The lack of laboratory data
and vital sign data at baseline to be incorporated into
propensity score creation is a major limitation for our
study. However, adjusting for these data at the end of
follow-up, when available, did not change our findings as
detailed in Table 3. Of note, the available vital signs and
laboratory data at follow-up were missing from a signifi-
cant proportion of patients, specifically the nonusers group,
which is another limitation. Additionally, the ethnicity of
our propensity score-matched cohort was unknown in more
than half of the study subjects, resulting in an inability to
know the actual proportions of African Americans and
Hispanics in our sample. Therefore, we may not have
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adequately adjusted for ethnic variations in our study and
the proportions of ethnic groups in our sample do not
reflect their actual presence in the military. Similarly, the
presence of a potential sex difference in outcomes cannot
be examined because >82 % of our population were men
(only 265 women nonusers and 270 women statin users).
Using ICD-9-CM codes is another limitation to our study
as it may not reflect disease severity. Although the use of
ICD-9 codes, in general, and AHRQ-CCS codes in par-
ticular, to extract obesity diagnoses has been use in
healthcare research [62-65], as well as in generating
reports on use and cost of obesity [66-68], it has low
sensitivity but high specificity [21, 22]. In one study, ICD-9
codes had a sensitivity of 24.6 %, a specificity of 99.3 %, a
positive predictive value of 75.9 %, and a negative pre-
dictive value of 93.6 % [21]. However, we do not know of
any reason for differential bias between statin users vs.
nonusers (i.e., underestimation or overestimation is likely
to affect both treatments equally).

Both statin users and nonusers had many outpatient visits
and procedures (Table 1), which would minimize ascer-
tainment bias in both treatment arms. Furthermore, adjusting
for actual values of blood pressure, body mass index, blood
glucose, glycosylated hemoglobin, and serum lipid at the end
of follow-up did not significantly change our results.

The reason for short statin therapy in our study cannot
be ascertained from pharmacy data and may be owing to
intolerance or simply non-persistence, both of which are
well-known problems that limit statin efficacy. Studies
have shown that persistence with statin therapy is generally
low [15, 69]. In one study, the percentage of patients who
persisted with statin therapy was 46 % after 1 month,
40.3 % after 2 months, 27 % after 6 months, and 20.1 %
after 12 months [69]. Even clinical trials, with their patient
selectivity and meticulous follow-up, non-persistence with
statin therapy has been a problem. For example, in the
JUPITER trial (the largest and most recent statin primary
prevention trial), 25 % of the statin arm stopped taking the
study medication although the study mean duration was
1.9 years only [10]. We also could not account for the type
or dose of statin used because patients occasionally
received different types of statins at different doses.
Therefore, ascribing a specific outcome to a specific type or
dose of a statin is not possible. Owing to the relatively
small sample size, subclassification of statin users based on
the type or dose of statin was unfeasible.

5 Conclusion
Short-term statin use in a healthy physically active popu-

lation was associated with doubled the odds of persistent
obesity, diabetes, and its complications without

cardiovascular benefits. This should be taken as a cau-
tionary message that the use of statins in a low-risk pop-
ulation might be ‘more harm than good’ or ‘all harm and no
good.” Further studies including RCTs, pragmatic studies,
and prospective observational studies appropriately equip-
ped to eliminate unidentified confounders and confounding
by indication are urgently needed.
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