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	SECTION 1: IDENTIFYING INFORMATION

	1. Citation 
	Athyros VG, Tziomalos K, Gossios TD, et al; GREACE Study Collaborative Group. Safety and efficacy of long-term statin treatment for cardiovascular events in patients with coronary heart disease and abnormal liver tests in the Greek Atorvastatin and Coronary Heart Disease Evaluation (GREACE) Study: a post-hoc analysis. Lancet. 2010;376:1916-1922.

	2. Hypertext link to PDF of full article 
	http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(10)61272-X/fulltext

	3. First date published study available to readers 
	November 23, 2010

	4. PubMed ID 
	21109302

	5. Nominated By 
	Jim Stevermer 

	6. Institutional Affiliation of Nominator 
	University of Missouri 

	7. Date Nominated 
	December 27, 2010

	8. Identified Through 
	Evidence Updates

	9. PURLS Editor Reviewing Nominated Potential PURL
	Kate Rowland 

	10. Nomination Decision Date 
	December 27, 2010

	11. Potential PURL Review Form (PPRF) Type 
	Randomized controlled trial

	12. Other comments, materials or discussion 
	 

	13. Assigned Potential PURL Reviewer 
	Mari Egan

	14. Reviewer Affiliation 
	University of Chicago 

	15. Date Review Due 
	January 27, 2011

	16. Abstract 
	BACKGROUND: Long-term statin treatment reduces the frequency of cardiovascular events, but safety and efficacy in patients with abnormal liver tests is unclear. We assessed whether statin therapy is safe and effective for these patients through post-hoc analysis of the Greek Atorvastatin and Coronary Heart Disease Evaluation (GREACE) study population.

METHODS: GREACE was a prospective, intention-to-treat study that randomly assigned by a computer-generated randomisation list 1600 patients with coronary heart disease (aged <75 years, with serum concentrations of LDL cholesterol >2.6 mmol/L and triglycerides <4.5 mmol/L) at the Hippokration University Hospital, Thessaloniki, Greece to receive statin or usual care, which could include statins. The primary outcome of our post-hoc analysis was risk reduction for first recurrent cardiovascular event in patients treated with a statin who had moderately abnormal liver tests (defined as serum alanine aminotransferase or aspartate aminotransferase concentrations of less than three times the upper limit of normal) compared with patients with abnormal liver tests who did not receive a statin. This risk reduction was compared with that for patients treated (or not) with statin and normal liver tests.

FINDINGS: Of 437 patients with moderately abnormal liver tests at baseline, which were possibly associated with non-alcoholic fatty liver disease, 227 who were treated with a statin (mainly atorvastatin 24 mg per day) had substantial improvement in liver tests (P<0.0001) whereas 210 not treated with a statin had further increases of liver enzyme concentrations. Cardiovascular events occurred in 22 (10%) of 227 patients with abnormal liver tests who received statin (3.2 events per 100 patient-years) and 63 (30%) of 210 patients with abnormal liver tests who did not receive statin (10.0 events per 100 patient-years; 68% relative risk reduction, P<0.0001). This cardiovascular disease benefit was greater (P=0.0074) than it was in patients with normal liver tests (90 [14%] events in 653 patients receiving a statin [4.6 per 100 patient-years] vs 117 [23%] in 510 patients not receiving a statin [7.6 per 100 patient-years]; 39% relative risk reduction, P<0.0001). Seven (<1%) of 880 participants who received a statin discontinued statin treatment because of liver-related adverse effects (transaminase concentrations more than three-times the upper limit of normal).

INTERPRETATION: Statin treatment is safe and can improve liver tests and reduce cardiovascular morbidity in patients with mild-to-moderately abnormal liver tests that are potentially attributable to non-alcoholic fatty liver disease.

	sECTION 2: CRITICAL APPRAISAL OF VALIDITY

	1. Number of patients starting each arm of the study?
	The enrollment total was 1600 patients with established coronary artery disease (CAD) who were younger than 74 years, with low-density lipoprotein (LDL) >100 mg/dL and triglycerides <300 mg/dL. A total of 880 patients were randomized to structured care followed at the university clinic and 880 to usual care followed by heart specialist or family doctors. 437 of 1600 patients were found to have elevation of their liver enzymes ≤3× normal.

	2. Main characteristics of study patients (inclusions, exclusions, demographics, settings, etc.)?
	A total of 313 (20%) of 1600 patients from the GREACE population had diabetes mellitus: 161 (20%) of 800 in the structured care group and 152 (19%) of 800 in the usual care group. Of these 313 patients, 173 were on statin treatment (mainly atorvastatin, n=160, mean dose 23 mg/d) and 140 were not. 
According to National Cholesterol Educational Program criteria, 712 (45%) of 1600 patients of the overall GREACE population had metabolic syndrome (353 [44%] of 800 patients in the structured care group and 359 [45%] of 800 in the usual care group). Of these 712 patients, 365 were on statin treatment (323 on atorvastatin, mean dose 24 mg/d) and 347 were not. 
There were no differences in treatment strategies (including use of statins) between patients with normal (n=1163) and abnormal liver function tests (n=437). Of the 437 patients with abnormal liver tests, 52% (227) were on statins, compared with 56% (651) patients with normal liver tests. Of those 437 patients, 396 (91%) had metabolic syndrome or diabetes mellitus. 
Abnormal liver tests were attributed to nonalcoholic fatty liver disease (NAFLD) after ultrasonographic diagnosis and after other causes of raised liver tests were excluded: alcohol misuse (average use of >20 g pure alcohol per day for men and >10 g per day for women), chronic hepatitis B and C, Wilson's disease, and autoimmune hepatitis. Thus, because all patients had dyslipidemia and most patients with abnormal liver tests were obese or had metabolic syndrome with or without diabetes mellitus, abnormal liver tests were mainly attributed to NAFLD. 

	3. Intervention(s) being investigated?
	Treatment of these patients with structured care with atorvastatin versus usual care. In the structured-care group, the starting dose of atorvastatin was 10 mg per day. If the National Cholesterol Educational Program LDL cholesterol goal of less than 2.6 mmol/L was not reached, the dose was increased to a maximum of 80 mg per day every 6 weeks to achieve the goal.

	4. Comparison treatment(s), placebo, or nothing?
	Patients in the usual care group were treated according to their treating doctors' standard of care. Usual care included lifestyle changes, such as adoption of a low-fat diet, weight loss, and exercise, and all necessary drug treatment, including lipid-lowering agents. Atorvastatin was not excluded from the usual-care group.

	5. Length of follow up? Note specified end points, eg, death, cure, etc.
	All patients were followed up for a mean of 3 years, with visits every 6 months. All patients participating in the original study were included in this post hoc analysis.

	6. What outcome measures are used? List all that assess effectiveness.
	In this post hoc analysis of the GREACE Study, the primary endpoint was the first occurrence of any cardiovascular event—all-cause mortality, coronary heart disease mortality and morbidity (nonfatal myocardial infarction, revascularization, unstable angina and congestive heart failure), or stroke—in patients with abnormal liver tests who were treated with a statin compared with patients who did not receive a statin. This risk reduction was compared with the relative risk reduction seen between patients with normal liver tests who were treated with a statin and those not treated with a statin.
Secondary endpoints were effects of statin treatment on liver tests and estimated glomerular filtration rate in patients with abnormal liver tests.

	7. What is the effect of the intervention(s)? Include absolute risk, relative risk, NNT, CI, p-values, etc.
	Fewer patients with abnormal liver tests who received a statin had cardiovascular events than did patients who did not receive a statin (68% relative risk reduction, P<.0001). This benefit was greater (P=.0074) than that reported for patients treated with a statin who had normal liver tests (90 [14%] cardiovascular events in 653 patients, or 4.6 events per 100 patient-years) compared with untreated patients who had normal liver tests (117 [23%] cardiovascular events in 510 patients, or 7.6 events per 100 patient-years, 39% relative risk reduction, P<.0001).
For all patients treated with a statin (n=880), there were 112 (13%) cardiovascular events, or 4.2 events per 100 patient-years. In all patients who were not treated with statins (720), there were 180 (25%) cardiovascular events, or 8.3 events per 100 patient-years (49% relative risk reduction in statin treated vs statin untreated patients, P<.0001).

	8. What are the adverse effects of intervention compared with no intervention?
	For 880 patients who were treated with statins, 10 had raised ALT or AST concentrations of more than 3× the upper limit of normal (ULN). In 3 of these 10 patients, liver tests were normalized by dose reduction of atorvastatin from 80 mg per day (in 2 patients) and 40 mg per day (in 1 patient) to 10 mg per day. Thus, only 7 (<1%) of 880 patients were withdrawn from the study because of liver-related adverse effects attributed to statin treatment. Of these 7 patients, 4 had received atorvastatin and 3 had received simvastatin. The mean dose of atorvastatin was 40 mg per day, and mean duration of treatment was 9 months. No patient, whether treated with a statin or not, developed bilirubin concentration increases of >34.2 μmol/L or alkaline phosphatase concentrations of more than 2× ULN and no patient had liver biopsy because of raised liver tests.

	9. Study addresses an appropriate and clearly focused question - select one
	Adequately addressed

	10. Random allocation to comparison groups
	Adequately addressed

	11. Concealed allocation to comparison groups
	Adequately addressed

Comments: This was a open-label unblinded study but the outcomes would be difficult to bias because of this method.

	12. Subjects and investigators kept “blind” to comparison group allocation
	Adequately addressed

Comments: Addressed, but study was meant to be unblinded, which would not bias the outcomes.

	13. Comparison groups are similar at the start of the trial
	Adequately addressed

	14. Were there any differences between the groups/arms of the study other than the intervention under investigation? If yes, please indicate whether the differences are a potential source of bias.
	Poorly addressed

Comments: Could there be a difference between care from structured versus usual care that would make the difference besides the medications?

	15. Were all relevant outcomes measured in a standardized, valid, and reliable way?
	Adequately addressed

	16. Are patient-oriented outcomes included? If yes, what are they?
	I think the endpoints of cardiovascular events are patient oriented, but they did not explain how they obtained these data.

	17. What percent dropped out, and were lost to follow-up? Could this bias the results? How?
	No patients were supposedly lost to follow-up but there was no mention of this in the article. I find it hard to believe that there was none lost to follow-up after 3 years. 

	18. Was there an intention-to-treat analysis? If not, could this bias the results? How?
	The authors said that the study was intention to treat but they did not show data to indicate this was true. 

	19. If a multi-site study, are results comparable for all sites?
	No, only in one hospital in Thessaloniki, Greece. 

	20. Is the funding for the trial a potential source of bias? If yes, what measures were taken to insure scientific integrity?
	The study was unsponsored and was funded by a grant from the Cardiology Society of North Greece, although some of the authors were funded by drug companies. 

	21. To which patients might the findings apply? Include patients in the study and other patients to whom the findings may be generalized.
	Greek patients with CAD, younger than 75, with LDL >100 mg/dL and NAFLD.

	22. In what care settings might the findings apply, or not apply?
	All settings.

	23. To which clinicians or policy makers might the findings be relevant?
	Primary and cardiology doctors. 

	SECTION 3: REVIEW OF SECONDARY LITERATURE

	1. DynaMed excerpts
	 

	2. DynaMed citation/access date
	NAFLD. In: DynaMed [database online]. Available at: www.DynamicMedical.com. Last updated January 23, 2011. Accessed January 24, 2011.

	3. Bottom line recommendation or summary of evidence from DynaMed (1-2 sentences)
	Patients with CAD should have LDL lowered to <2.6 mmol/L and should take statins to improve cardiovascular events. Patients with elevated liver enzymes from NAFLD should use statins to improve outcomes because there is no risk of using statins and no risk of increased hepatotoxicity.

	4. UpToDate excerpts
	 

	5. UpToDate citation/access date
	Rosenson RS. Statins: actions, side effects, and administration.
Sheth SG, Chopra S. Natural history and treatment of nonalcoholic steatohepatitis. In: Basow DS, ed. UpToDate [database online]. Waltham, Mass: UpToDate; 2011. Available at: http://www.uptodate.com. Last updated September 13, 2010. Accessed January 24, 2011.

	6. Bottom line recommendation or summary of evidence from UpToDate

(1-2 sentences)
	No mention or concern about using statins in patients with elevated liver enzymes. Statins decrease the risk factors of hyperlipidemia in patients with NASH.

	7. PEPID PCP excerpts

www.pepidonline.com

username: fpinauthor

pw: pepidpcp
	The National Lipid Association Statin Safety Task Force reviewed the safety of statins in relation to liver, muscle, renal, and neurologic systems. The task force reported that liver failure in patients using statins is rare (estimated at approximately one case per million statin prescriptions), whereas asymptomatic transaminase elevations >3× ULN have been reported with all statins and appear to be related to dose, but not LDL reduction.
1. The task force authors reasoned that because no evidence exists that elevated transaminase levels cause liver failure and the benefits of using statins are well established, care should be given to making decisions about discontinuing statins for elevated transaminase levels

2. The task force authors recommended that for an isolated, asymptomatic transaminase elevation of 1× to 3× ULN, discontinuing the statin is not necessary 

	8. PEPID citation/access data
	How should hepatic transaminase elevations be managed in a patient taking a statin? In: PEPID [database online]. Available at: http://www.pepidonline.com. Accessed January 24, 2011.

	9. PEPID content updating 
	1. Do you recommend that PEPID get updated on this topic?

No, this topic is current, accurate and up to date.

2. Is there an EBM Inquiry (HelpDesk Answers and Clinical Inquiries) as indicated by the EB icon ([image: image1.png]


) that should be updated on the basis of the review?

No, this topic is current, accurate and up to date.

	10. Other excerpts (USPSTF; other guidelines; etc.)
	 

	11. Citations for other excerpts
	 

	12. Bottom line recommendation or summary of evidence from Other Sources (1-2 sentences)
	No concern about giving statins to patients with elevated liver enzymes when it is caused by NAFLD. No mention of using statins to treat NAFLD. 

	SECTION 4: CONCLUSIONS 

	1. Validity: How well does the study minimize sources of internal bias and maximize internal validity? Give one number on a scale of 1 to 7 (1=extremely well; 4=neutral; 7=extremely poorly)
	1 

	2. If 4.1 was coded as 4, 5, 6, or 7, please describe the potential bias and how it could affect the study results. Specifically, what is the likely direction in which potential sources of internal bias might affect the results?
	My concern about the internal validity was that the structured care happened at the university clinic at the hospital and the usual care occurred in the community. There seemed to be no records reviewed and so we are not sure if there were different numbers of visits between the 2 groups, different tests. The only thing measured was the medications and not the number of medications. 

	3. Relevance: Are the results of this study generalizable to and relevant to the health care needs of patients cared for by “full scope” family physicians? Give one number on a scale of 1 to 7 (1=extremely well; 4=neutral; 7=extremely poorly)
	2-3 

	4. If 4.3 was coded as 4, 5, 6, or 7, please provide an explanation.
	 

	5. Practice-changing potential: If the findings of the study are both valid and relevant, does the practice that would be based on these findings represent a change from current practice? Give one number on a scale of 1 to 7 (1=definitely a change from current practice; 4=uncertain; 7=definitely not a change from current practice)
	5 

	6. If 4.5 was coded as 1, 2, 3, or 4, please describe the potential new practice recommendation. Please be specific about what should be done, the target patient population and the expected benefit.
	I do not think it is a practice changer to give statins to patients with CAD and hyperlipidemia who have elevated liver functions tests (LFTs). I also think it is known that statins can improve LFTs in patients with NAFLD. NAFLD is a risk factor for CAD and recurrent events. Not sure this is a valid finding from their research design. 

	7. Applicability to a Family Medical Care Setting:

Is the change in practice recommendation something that could be done in a medical care setting by a family physician (office, hospital, nursing home, etc), such as a prescribing a medication, vitamin or herbal remedy; performing or ordering a diagnostic test; performing or referring for a procedure; advising, educating or counseling a patient; or creating a system for implementing an intervention? Give one number on a scale of 1 to 7 (1=definitely could be done in a medical care setting; 4=uncertain; 7=definitely could not be done in a medical care setting)
	2-3 

	8. If you coded 4.7 as a 4, 5, 6 or 7, please explain. 
	 

	9. Immediacy of Implementation: Are there major barriers to immediate implementation? Would the cost or the potential for reimbursement prohibit implementation in most family medicine practices? Are there regulatory issues that prohibit implementation? Is the service, device, drug or other essentials available on the market? Give one number on a scale of 1 to 7 (1=definitely could be immediately applied; 4=uncertain; 7=definitely could not be immediately applied)
	2 

	10. If you coded 4.9 as 4, 5, 6, or 7, please explain why.
	 

	11. Clinical meaningful outcomes or patient-oriented outcomes: Are the outcomes measured in the study clinically meaningful or patient oriented? Give one number on a scale of 1 to 7 (1=definitely clinically meaningful or patient oriented; 4=uncertain; 7=definitely not clinically meaningful or patient oriented)
	2 

	12. If you coded 4.11 as a 4, 5, 6, or 7 please explain why.
	 

	13. In your opinion, is this a Pending PURL? Give one number on a scale of 1 to 7 (1=definitely a Pending PURL; 4=uncertain; 7=definitely not a Pending PURL)

Criteria for a Pending PURL:

· Valid: Strong internal scientific validity; the findings appears to be true.

· Relevant: Relevant to the practice of family medicine

· Practice changing: There is a specific identifiable new practice recommendation that is applicable to what family physicians do in medical care settings and seems different than current practice.

· Applicability in medical setting:

· Immediacy of implementation 
	5 

	14. Comments on your response in 4.13
	I have concerns about the validity and it is difficult with a post hoc analysis when the actual study was done in 2002. However, looking at the old research I still have concerns about the validity. I also do not believe it was a practice changer. 

	SECTION 5: EDITORIAL DECISIONS

	1. FPIN PURLs editorial decision (select one)
	Pending PURL—Forward to JFP Editor

	2. Follow up issues for Pending PURL Reviewer


	How can a post hoc analysis bias the results of a study? Is that an issue in this study?

Are patients currently NOT receiving statins as a result of elevated baseline LFTs? (ie, would this study represent a change in practice?) 

	3. FPIN PURLS Editor making decision 
	Kate Rowland

	4. Date of decision
	January 27, 2011; February 24, 2011

	5. Brief summary of decision
	After a Sermo poll and re-review, we decided that this did represent a change in practice for most physicians. The post hoc analysis should not affect the validity of outcomes. 


