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No drug is without adverse effect potential, and fatigue and exertional intolerance are
adverse effects reported by patients receiving statins.12 Little direct information is available
regarding the typical or average impact of statins on energy or exertional fatigue.

Although many observational reports have cited fatigue and exertional fatigue with statin
use, to our knowledge, no randomized trials have addressed this issue to date. Energy and
exertional fatigue were measured as tertiary and/or exploratory outcomes in the University
of California, San Diego (UCSD) Statin Study, which aimed to examine a range of
noncardiac outcomes.2 We capitalized on these data to evaluate whether moderate-dose
statins affected energy and exertional fatigue in a broadly sampled primary prevention
population.

Methods

A total of 1016 subjects (692 men 20 years or older and 324 nonprocreative women, with
screening low-density lipoprotein cholesterol levels 115-190 mg/dL [to convert to
millimoles per liter, multiply by 0.0259] and no cardiovascular disease or diabetes) were
randomized equally to 20-mg simvastatin (lipophilic statin), 40-mg pravastatin (hydrophilic
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statin), or microcrystalline-cellulose placebo, to be taken at bedtime in identical blinding
capsules for 6 months.

The off-site study pharmacist matched sequentially numbered bottles to sequential
computer-generated randomization assignment stratified by sex (block size, 20; designed by
statistician [H.L.W.]). Bottles were transferred to the study site and given to successive
eligible subjects by staff blinded to the randomization schedule.*

The protocol was approved by the UCSD Human Subjects Protection Program. All subjects
(seen exclusively at UCSD) gave written informed consent. The data and safety monitoring
board provided independent study oversight.

Single-item self-ratings of change from baseline in “energy” and “fatigue with exertion”
were used, assessed on 6-month follow-up, and rated (5-point scale) from “much less”(-2)
to “much more”(+2) vs baseline.

Energy and fatigue with exertion were rated at baseline from 0 (none) to 10 (maximum
possible). All subjects rated energy; the final 397 subjects (a randomized subset) rated
baseline fatigue with exertion (omitted initially to limit subject burden, restored for the final
40% of subjects). Missing values of baseline and change score were imputed using the Stata
“impute” command (StataCorp). “EnergyFatigEx” values were generated by summing
ratings for the energy and fatigue with exertion measures, aligning signs with lower values
worse (ie, recoding such that for both variables lower values signified worse status), for
baseline and on-treatment, yielding a single outcome (on-treatment score range, —4 to +4).

Statistical Analysis

Results

We assessed the correlation of EnergyFatigEx with actual exercise (baseline assessment:
episodes per week of vigorous exercise >20minutes). The unpaired t test was used to
examine the difference in mean on-treatment EnergyFatigEx in all subjects and women
separately. Ordinal logistic regression with robust (“White”) standard errors® adjusted for
baseline values of the combined variable, addressing baseline disparities and regression to
the mean (a source of power-eroding variance). The %2 test was used to examine whether
statins shifted, relative to placebo, the proportion reporting changes of subjectively large
magnitude(“muchworse” or “much better” vs placebo on both outcomes; the same principle
that guides sign tests). Analyses used Stata statistical software versions 8.0 and 11.0
(StataCorp). A 2-sided a level of .05 designated significance.

For CONSORT (Consolidated Standards for Reporting of Trials) and study baseline
characteristics, see eFigure and eTable (http://www.archinternmed.com). Energy and
predictors of exertional fatigue were comparable at baseline; however, in the subsample with
measured baseline exertional fatigue, pravastatin values differed from other arms and
influenced imputed baseline values (Table). There was a significant relation between
measured baseline EnergyFatigEx and actual exercise (r=0.20; P<.001). The drop in low-
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density lipoprotein cholesterol level with 20-mg simvastatin (49 mg/dL) exceeded that with
40-mg pravastatin (40 mg/dL) (P<.001).

Results of t tests of difference in mean on-treatment change in EnergyFatigEx were
significant for combined statins vs placebo. Each statin contributed (effects separately
significant for simvastatin) (Table). Women were disproportionately affected. The 0.4 mean
difference observed for women receiving simvastatin vs placebo would arise if 4 in 10
treated women cited worsening in either energy or exertional fatigue; 2 in 10 characterized
both as “worse” or either as “much worse”; 1 in 10 characterized both components as “much
worse”; or combinations of these conditions, with the fractions of subjects for which each
statement holds, summing to 1. Adjusted for baseline EnergyFatigEx (via ordinal logit),
effects on EnergyFatigex were significantly unfavorable for combined statins and each
statin separately.

The balance of those reporting maximal worsening vs maximal improvement (“much worse”
vs baseline on each component vs “much better” on each) was adversely shifted for statins
vs placebo (P =.002) and for each statin separately (simvastatin, P = .03; pravastatin, P = .
01). These are based on small numbers, and findings are provisional.

To our knowledge, this is the first randomized evidence affirming unfavorable statin effects
on energy and exertional fatigue. Effects were seen in a generally healthy sample given
modest statin doses, and both simvastatin and pravastatin contributed to the significant
adverse effect of statins on energy and fatigue with exertion. Particularly for women, these
unfavorable effects were not uncommon. Findings support case reports citing adverse effects
to these outcomes and are buttressed by literature rationale.1:® These findings are important,
given the central relevance of energy and functional status to well-being.

These effects, germane to quality of life, merit consideration when prescribing or
contemplating use of statins, particularly in groups without expected net morbidity/mortality
benefit, extending to “high-risk” primary prevention and women and elderly persons
(including those with coronary artery disease).” There was a significant relation between
EnergyFatigEx and actual activity: reduced activity and exertional tolerance (irrespective of
activity) in turn predict hard adverse outcomes. Effects may take time to manifest, as may
benefits of statin use. Thus, long-term trials are important, if statin use is to be
recommended in younger individuals. Meanwhile, physicians should be alert to patients’
reports of exertional fatigue or diminished energy during statin use.

Acknowledgments

Funding/Support: This study was funded by National Institutes of Health (NIH) grant RO1 HL63055 from the
National Heart, Lung, and Blood Institute and was supported by the UCSD General Clinical Research Center (NIH
grant MO1 RR00827).

Arch Intern Med. Author manuscript; available in PMC 2015 January 06.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Golomb et al.

References

1.

Page 4

Cham S, Evans MA, Denenberg JO, Golomb BA. Statin-associated muscle-related adverse effects: a
case series of 354 patients. Pharmacotherapy. 2010; 30(6):541-553. [PubMed: 20500044]

. Sinzinger H, O’Grady J. Professional athletes suffering from familial hypercholesterolaemia rarely

tolerate statin treatment because of muscular problems. Br J Clin Pharmacol. 2004; 57(4):525-528.
[PubMed: 15025753]

. Golomb BA, Criqui MH, White H, Dimsdale JE. Conceptual foundations of the UCSD Statin Study:

a randomized controlled trial assessing the impact of statins on cognition, behavior, and
biochemistry. Arch Intern Med. 2004; 164(2):153-162. [PubMed: 14744838]

. Golomb BA, Dimsdale JE, White HL, Ritchie JB, Criqui MH. Reduction in blood pressure with

statins: results from the UCSD Statin Study, a randomized trial. Arch Intern Med. 2008; 168(7):
721-727. [PubMed: 18413554]

. White H. A heteroskedasticity-consistent covariance matrix estimator and a direct test for

heteroskedasticity. Econometrica. 1980; 48(4):817-838.

. Golomb BA, Evans MA. Statin adverse effects: a review of the literature and evidence for a

mitochondrial mechanism. Am J Cardiovasc Drugs. 2008; 8(6):373-418. [PubMed: 19159124]

. Golomb BA, Parrish J, Broadwin JA. Statins and mortality. On the Risk. 2009; 25(2):66-71.
. Ray KK, Seshasai SR, Ergou S, et al. Statins and all-cause mortality in high-risk primary

prevention: a meta-analysis of 11 randomized controlled trials involving 65 229 participants. Arch
Intern Med. 2010; 170(12):1024-1031. [PubMed: 20585067]

. Redberg RF, Katz M, Grady D. To make the case—evidence is required. Arch Intern Med. 2011,

171(17):1594. [PubMed: 21949176]

Arch Intern Med. Author manuscript; available in PMC 2015 January 06.



Page 5

Golomb et al.

(e0"=d) (5T°0) €€°0- '(3S) ¢
‘uneiseaeld pue (100" > d) (ST°0) 89'0- ‘(3S) ¢ ‘uneiseawls (100" > d) (ST°0) 160~ ‘(IS) ¢ ‘uners :x3b1e4AB18ug aullaseq Joj parsnipe ‘si0l1s pIepuels 1SNqos YU ‘uolssaibal o1isifo| [eulplo Jo &_:mmmo

‘0gade|d SA UIIels payeudisap Joj Ueaw Ul 32UaJajIp JO 158} } 40J aJe SanjeA n_n_

(60" = d) uneISEAWIS WOoJy Appuediyiubisuou pue (100" = d) 0gade|d wouy

Apueaiyiubis pasayip unelseAeld *(8'2) G'9T ‘uneiseAws ((z'€) z'9T ‘unelseaeld ((0'€) £9T ‘unels ((6°2) 89T ‘0gade|d :(0z 01 0 ‘91eas) (sanjeA Buissiw Bunndwi) sanjea x36ne4ABI18ug suljaseq (Qs) uesin
(80T = u) uneiseaeld ‘(goT = u) unelseawls ‘(€Tz = u) unes ‘(0TT = U) ogaded :uswom Joj sazis ajdwes *(8e€ = u) uneisereld pue ‘(zeg = u) uneiseAws ‘(029 = u) unels ‘(zye = u) ogade|d :sazis ajdwes
*T 0} Bulwwns ‘spjoy uswarels yoea yaiym Joy s108lgns

J0 SUOI19B1J BYI YIIM ‘SUOIIPUOI 8S8U JO SUOIRUIGUIOD JO ‘S3INSeaW Ulog Uo ,8SI0M UYINLu,, SSA|aSWaY} paled QT Ul T ‘8Inseaw T UO ,8SI0M UINu,, SBA[3SWaY} palel Jo Sainseaw Ylog uo Bujuasiom paiid

0T Ul g ‘anbiyey [euoiiaxa Jo AB1aus Jayyia ul Buluasiom pallo UsOM paleal] T Ul 7 41 asLie pjnom (ogadejd sA uieIseAwls BulAladal UsWom 1oy paniasqo) doip-1'0 i+ 01 7— ‘abuel 81093s xm_m_um“_é_mcm_m

Lo (80'T) TE0- YOO (0z'T) Lv0- 10 (FT'1) 660~ (22°0) 800~  USWOM
90 (98°0) .T0- 2000  (180)G20-  S000  (280)Tz0- (12°0)90°0- ol
PBAd  (as)uesy  eneAd  (as)uew  @BAd  (gs)ueny  (0S) UMW
oggoe|d
urresene id urreIRAWIS urels

Sdnouo unels sA 0gade|d 10} (x3611e4A618U3) awWo02NQ anbire4 jeuoiax3 pue ABisu3 ul abuey)d

d|geL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Arch Intern Med. Author manuscript; available in PMC 2015 January 06.




