Cholesterol Management in people with Diabetes

Remit: To research the evidence concerning cholesterol management in people with diabetes but no personal history of vascular disease.

Implicit within this remit is an assumption that anyone with a personal history of vascular disease (ischaemic heart disease, cerebrovascular disease, peripheral vascular disease) should be offered treatment with a statin, unless there is a good reason not to do so. 

My primary source for this paper is an article in Clinical Evidence (1), search date October 2003, concerning prevention of cardiovascular events in people with diabetes by use of statins. I have researched all the references from this paper to extract the information relating to primary, as opposed to secondary, prevention. I have then conducted searches in Medline, Pubmed and Dialog seeking evidence published since October 2003.

The Clinical Evidence article states that prior to the publication of the Heart Protection Study (2) (2003) there was no clear evidence that statin treatment is effective for primary prevention of cardiovascular disease. 

The Heart Protection Study

· Randomised placebo controlled trial 

· 20536 UK adults, 

· aged 40 to 80, 

· with CHD, other occlusive arterial disease or diabetes,

· with Total cholesterol >3.5 mmol/L

· effect of Simvastatin 40mg vs placebo on mortality, fatal and non-fatal vascular events. 

· 5 years follow-up

All cause mortality reduced in the simvastatin group

1328/10269 (12.9%) vs 1507/10267 (14.7%); p=0.0003; RR 0.87 (0.81-0.94); NNT=55  

First vascular event rate reduced in the simvastatin group

2033/10269 (19.8%) vs 2585/10267 (25.2%); p<0.0001; RR 0.76 (0.72-0.81); NNT=18. 

No significant harms identified

Averaged over the 5 years of study 85% of simvastatin group and 17% of placebo group actually received a statin. So the actual benefits of statin use may be greater than those reported.

For our purposes, we need to examine the subgroup of people with diabetes and no history CHD. The relevant information is not accessible from the Heart Protection Study as originally published – but is available from the Clinical Evidence article and is reproduced in tabular form below. 

	Diabetes + Previous CHD
	
	
	
	

	 
	n
	major CVD events
	event rate
	ARR
	NNT
	95%CI

	Simvastatin
	972
	325
	33.44%
	4.32%
	23
	12 to 897

	Placebo
	1009
	381
	37.76%
	 
	 
	 

	
	
	
	
	
	
	

	Diabetes + No previous CHD + Previous non-coronary vascular disease

	 
	n
	major CVD events
	event rate
	ARR
	NNT
	95%CI

	Simvastatin
	551
	141
	25.59%
	7.36%
	14
	8 to 49

	Placebo
	519
	171
	32.95%
	 
	 
	 

	
	
	
	
	
	
	

	Diabetes + No previous vascular disease
	
	
	

	 
	n
	major CVD events
	event rate
	ARR
	NNT
	95%CI

	Simvastatin
	1455
	135
	9.28%
	4.17%
	24
	16 to 53

	Placebo
	1457
	196
	13.45%
	 
	 
	 


Note the following:

1. The benefit of treating people with diabetes but without previous vascular disease, in terms of the number of people we need to treat for 5 years in order to prevent (or defer) a major vascular event, is very similar to the benefit of treating people with diabetes who have had previous coronary heart disease.
2. The confidence interval around the NNT for people with diabetes and previous CHD is very wide, and includes the possibility that it is more worthwhile to treat people who have not had previous CHD (and indeed that it is not worth treating people once they have overt CHD).
The greatest benefit from statin treatment is for those people with diabetes who have previous non-coronary vascular disease, but no previous CHD.

Other points of interest and relevance arising from the Heart Protection Study are:

· Outcome event rate benefit from simvastatin 40mg did not vary with starting cholesterol level or an individual’s responsiveness to statin treatment (as evidenced by pre-randomisation LDL response).

· The study did not involve titration of treatment according to any measure of cholesterol level and so does not tell us whether treatment to a target cholesterol level is beneficial.

· This study provides no evidence of need to check cholesterol levels during treatment with simvastatin 40mg.

· The authors tell us there is no difference in outcome between the sexes and it is true that the differences are not statistically significant, however the actual results do suggest a difference in absolute risk reduction and hence NNT .

	Event rate
	Simva
	Placebo
	ARR
	NNT

	Male
	21.6%
	27.6%
	6.0%
	17

	Female
	14.4%
	17.7%
	3.3%
	30


The study duration was 5 years, so strictly it only informs us of benefits and harms over the first 5 years of treatment, and so raises questions as to whether indefinitely continued treatment will result in as yet undiscovered adverse effects.

Figures 5 & 6 from the study, reproduced below, give some information which allows us to predict that benefits would continue for longer than 5 years – how much longer is a matter of opinion / judgment.
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Figure 5: Effects of simvastatin allocation on first major vascular event during follow-up
Symbols and conventions as in figure 2. Analyses are of numbers of participants having a first event during each year of follow-up and of those still at risk
of a first event at the start of each year.




This chart seems to show a trend towards less benefit with time

	Event rate
	
	
	
	

	Year
	simva
	placebo
	ARR
	NNT

	1
	4.7%
	5.1%
	0.4%
	250

	2
	3.9%
	5.6%
	1.7%
	59

	3
	3.9%
	5.6%
	1.7%
	59

	4
	3.8%
	5.2%
	1.4%
	71

	5+
	5.8%
	7.3%
	1.5%
	67


But the ARR & NNT are fairly constant. And when they are adjusted for the actual difference in statin use between the groups, which diminished as the trial went on, it looks as though benefits may increase with duration of use.

	Event rate
	
	Diff in
	Adjusted
	

	Year
	ARR
	Statin use
	ARR
	NNT

	1
	0.4%
	85%
	0.5%
	200

	2
	1.7%
	76%
	2.2%
	45

	3
	1.7%
	67%
	2.5%
	40

	4
	1.4%
	59%
	2.4%
	42

	5+
	1.5%
	50%
	3.0%
	33


As alluded to above, it is also possible that harms may become more apparent with increasing duration of use – a possibility that has not been rigorously investigated.
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Figure 6: Life-table plot of effects of simvastatin allocation on
percentages having major vascular events

See figure 5 for numbers of participants having a first event during each
year of follow-up.




In summary the Heart Protection Study provides good evidence that people with diabetes aged 40 to 80, with total cholesterol >=3.5 mmol/L should be offered Simvastatin 40mg for at least 5 years.

Uncertainties remain concerning whether treatment should be started prior to age 40, whether treatment should be started at cholesterol levels below 3.5mmol/L, whether women should be treated in the same way as men, and for how long treatment should be continued.

(http://www.clinicalevidence.com/ceweb/conditions/end/0601/0601_I11.jsp)
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Top
Summary

One systematic review and RCTs have found that statins reduce cardiovascular morbidity and mortality compared with placebo. One RCT found that treatment with atorvastatin to achieve a target low density lipoprotein below 2.6 mmol/L reduces cardiovascular morbidity and mortality compared with usual care. Another RCT found no significant difference between use of lovastatin, plus cholestyramine if necessary, to achieve lower target low density lipoprotein of 1.55–2.20 mmol/L and a moderate target low density lipoprotein of 3.36–3.62 mmol/L in 4 year event rate for myocardial infarction and death. One RCT found no significant difference in cardiovascular events in older people with low dose pravastatin 5 mg daily and standard dose pravastatin 10–20 mg daily over 4 years.

Top
Benefits

We found one systematic review,[18] five subsequent RCTs,[49] [50] [51] [52] [53] and one additional RCT.[54] We also found a systematic review that did not conduct a meta-analysis for RCTs evaluating statins, but provided a commentary on the quality of data on people with diabetes included in such trials (see comment below).[44] 

Versus placebo:

The systematic review (search date 2000) found that pravastatin or simvastatin significantly reduced cardiovascular events over 6 years compared with placebo (3 RCTs,[55] [56] [57] 1570 people: 34 events per 1000 person years with statins v 44 events with placebo per 1000 person years; RR 0.77, 95% CI 0.62 to 0.96; person years needed to treat 120, 95% CI 61 to 4856).[18] One RCT identified in the systematic review found no significant difference between lovastatin and placebo in myocardial infarction, unstable angina, or sudden cardiac death over 5 years (4/84 [4.8%] events with lovastatin v 6/71 [8.5%] events with placebo; ARR +3.7%, 95% CI –5.6% to +11.9%; RR 0.56, 95% CI 0.16 to 1.91).[58] The first subsequent RCT found that, compared with placebo, simvastatin significantly reduced all cause mortality, non-fatal myocardial infarction, coronary heart disease (CHD), death, total stroke, or any revascularisation over 5 years in people with diabetes aged 40–80 years regardless of whether or not they had previous vascular disease (1 RCT, among the 1981 people in the trial with diabetes and previous CHD: 325/972 [33.4%] events with simvastatin v 381/1009 [37.8%] events with placebo; ARR 4.3%; NNT 23, 95% CI 12 to 897; among 1070 people with diabetes and previous non-coronary vascular disease but without previous CHD: major cardiovascular disease [CVD] events: 141/551 [25.6%] with simvastatin v 171/519 [32.9%] with placebo; ARR 7.5%; NNT 14, 95% CI 8 to 49; among 2912 people with diabetes but no previous CHD or other vascular disease: major CVD events: 135/1455 [9.3%] with simvastatin v 196/1457 [17.2%] with placebo; ARR 4.2, NNT 24, 95% CI 16 to 53).[49] By the end of the study 38% of those allocated to placebo were taking a statin not used in the study.[49] The second subsequent RCT found that fluvastatin significantly reduced cardiac death, non-fatal myocardial infarction, and reintervention over 4 years compared with placebo (1 RCT, 202 people aged 18–80 years with diabetes and a diagnosis of CVD: 26/120 [21%] events with fluvastatin v 31/82 [37.8%] events with placebo; ARR 0.161, 95% CI 0.033 to 0.290; NNT 7, 95% CI 4 to 30).[50] The third subsequent RCT found no significant difference in cardiac death or non-fatal myocardial infarction between pravastatin 40 mg daily and placebo over 4.8 years (1 RCT, 3638 people aged ≥ 55 years with type 2 diabetes and additional CHD risk factors; CHD death plus non-fatal myocardial infarction: RR 0.89, 95% CI 0.71 to 1.10; absolute numbers not reported, results presented graphically).[51] Baseline low density lipoprotein (LDL) cholesterol was required to be in the range 3.1–4.9 mmol/L for people with no known CHD and 2.6–3.3 mmol/L for those with previously diagnosed CHD. Usual care could include lipid lowering agents at the primary care physician's discretion.[51] 

The fourth subsequent RCT found no significant difference in cardiovascular death or myocardial infarction between atorvastatin 10 mg daily and placebo over 3 years (1 RCT, 2532 people aged 40–79 years with diabetes, hypertension, total cholesterol ≤ 6.5 mmol/L and at least 2 other cardiovascular risk factor but without coronary artery disease diagnosis; cardiovascular death, or myocardial infarction: RR 0.84, 95% CI 0.55 to 1.28).[52] 
Aggressive versus moderate lipid lowering:

One RCT[59] identified by a systematic review[18] found no significant difference between aggressive lipid lowering and moderate lipid lowering in 4 year event rate for myocardial infarction and death (1 RCT, 116 people aged 21–74 years with type 2 diabetes and a diagnosis of CVD; 4 year event rate for death: 6.5 with aggressive lipid lowering v 9.6 with moderate lipid lowering; RR 0.67, 99% CI 0.12 to 3.75; 4 year event rate for myocardial infarction: 4.8 with aggressive lipid lowering v 11.6 with moderate lipid lowering; RR 0.40, 99% CI 0.07 to 2.47). The RCT used lovastatin and cholestyramine as necessary to achieve the targets for aggressive lipid lowering (LDL cholesterol 1.55–2.20 mmol/L [60–85 mg/dL]) and moderate lipid lowering (LDL cholesterol 3.36–3.62 mmol/L [130–140 mg/dL]). This RCT had limited power because of the small number of people enrolled who had diabetes.[59] A subsequent RCT found that, compared with usual care, treatment with atorvastatin to achieve a target LDL of below 2.6 mmol/L (< 100 mg/dL) significantly reduced the risk of all cause mortality, non-fatal myocardial infarction, unstable angina, congestive heart failure, revascularisation, and stroke over 3 years (1 RCT, 313 people with a diagnosis of CVD, mean age 58 years: RRR 0.42; P = 0.0001; results presented graphically). The atorvastatin dose was titrated from 10 mg daily to a maximum of 80 mg daily to achieve a target LDL cholesterol of below 2.6 mmol/L. Usual care consisted of treatment by the family practitioner, which could include diet, exercise, weight loss and/or drug treatment including lipid lowering agents; 14% of people in the usual care group received any lipid lowering agents.[53] 

Low versus standard statin dose in older people:

One subsequent RCT found no significant difference in cardiovascular events between low dose pravastatin 5 mg daily and standard dose pravastatin 10–20 mg daily over 4 years (1 RCT, 199 people aged > 60 years with diabetes: 17/104 [16.3%] events with low dose pravastatin v 15/95 [15.8%] events with standard dose pravastatin; ARR +0.006%, 95% CI –0.097 to +0.108).[54] 

Top
Harms

Versus placebo:

One systematic review (search date 2000) did not report on adverse effects.[18] The first subsequent RCT evaluated the effects of simvastatin compared with placebo on adverse outcomes other than cardiovascular events in people with diabetes.[49] The RCT found no significant difference between simvastatin and placebo for withdrawal from treatment because of elevated liver enzymes (48 [0.5%] with simvastatin v 35 [0.3%] with placebo), muscle symptoms (49 [0.5%] with simvastatin v 50 [0.5%] with placebo), or hospital admission due to chronic obstructive pulmonary disease/asthma (132 [1.3%] with simvastatin v 150 [1.5%] with placebo). The second subsequent RCT conducted a safety analysis for fluvastatin compared with placebo in 1640 people. It found no significant difference between fluvastatin and placebo in the proportion of people withdrawing from treatment (174/822 [21%] with fluvastatin v 196/818 [24%] with placebo; RR 0.88, 95% CI 0.74 to 1.06).[50] The third subsequent RCT specifically stated that no data on adverse effects were collected.[51] The fourth subsequent RCT found no significant difference in serious adverse events or liver enzyme changes between those allocated atorvastatin and those allocated placebo.[52] 

Aggressive versus moderate lipid lowering:

One RCT did not report any adverse events.[59] The subsequent RCT found no significant difference between atorvastatin and usual care in the proportion of people withdrawn from the study because of elevated liver enzymes.[53] 

Low versus standard statin dose in older people:

One RCT comparing low versus standard pravastatin dose found no significant difference in adverse events between groups.[54] 

Top
Comment

We found one RCT that is of major importance.[49] The RCT is interesting because it was not necessary to have an abnormal lipid profile or prior vascular disease to be enrolled and it provides the first clear evidence that statin treatment is effective for primary prevention of CVD.[49] The relative risk reductions for major cardiovascular events were similar with or without previous CHD, and with lower and higher initial LDL cholesterol. The results of this RCT suggest that treatment with a statin is likely to be beneficial in most diabetic people who are at significant risk of CHD, regardless of initial LDL level and regardless of whether they have previous CVD. Furthermore, this and other studies provided stronger evidence for the value of treatment with statins per se, rather than for targeting any specific LDL cholesterol level. Besides this RCT,[49] most published RCTs with sufficient power to detect effects on cardiovascular events have enrolled comparatively few people with diabetes or have excluded them altogether. The available evidence is, therefore, based almost entirely on subgroup analyses of larger trials in which there was generally little information regarding the type and duration of diabetes, severity of complications, and metabolic control.[44] The statin versus placebo trial published after both systematic reviews was terminated early due to high efficacy of atorvastatin in the overall study population (HR for cardiovascular death plus non-fatal myocardial infarction 0.64, 95% CI 0.050 to 0.083).[52] Although the difference was not significant in the diabetic subgroup, the confidence intervals for diabetic and non-diabetic subgroups overlapped one another. Several large ongoing trials are evaluating the effects of fibrates in people with diabetes.
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The effect of interventions to prevent cardiovascular disease in patients with type 2 diabetes mellitus.

Huang ES, Meigs JB, Singer DE.

General Medicine Division, University of Chicago, Chicago, Illinois 60637, USA.

PURPOSE: Cardiovascular complications account for over 50% of mortality among patients with type 2 diabetes mellitus. We quantify the cardiovascular benefit of lowering cholesterol, blood pressure, and glucose levels in these patients. METHODS: We conducted a meta-analysis of randomized controlled trials in type 2 diabetes or diabetes subgroups, comparing the cardiovascular effects of intensive medication control of risk factor levels in standard therapy or placebo. We identified trials by searching MEDLINE (1966 to 2000) and review articles. Treatment details, patient characteristics, and outcome events were obtained using a specified protocol. Data were pooled using fixed-effects models. RESULTS: Seven serum cholesterol-lowering trials, six blood pressure-lowering trials, and five blood glucose-lowering trials met eligibility criteria. For aggregate cardiac events (coronary heart disease death and nonfatal myocardial infarction), cholesterol lowering [rate ratio (RR) = 0.75; 95% confidence interval (CI): 0.61 to 0.93) and blood pressure lowering (RR = 0.73; 95% CI: 0.57 to 0.94) produced large, significant effects, whereas intensive glucose lowering reduced events without reaching statistical significance (RR = 0.87; 95% CI: 0.74 to 1.01). We observed this pattern for all individual cardiovascular outcomes. For cholesterol-lowering and blood pressure-lowering therapy, 69 to 300 person-years of treatment were needed to prevent one cardiovascular event. CONCLUSION: The evidence from these clinical trials demonstrates that lipid and blood pressure lowering in patients with type 2 diabetes is associated with substantial cardiovascular benefits. Intensive glucose lowering is essential for the prevention of microvascular disease, but improvements in cholesterol and blood pressure levels are central to reducing cardiovascular disease in these patients.
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Figure 7: Effects of simvastatin allocation on first major vascular event in different prior disease categories

Symbols and conventions as in figure 2. There is no overlap between participants in “Any CHD" and “No CHD" baseline disease categories, but within
each of these categories there is some overlap (and, hence, some non-additivity). x° test on one degree of freedom is given for heterogeneity between rate
ratios in participants with any prior coronary heart disease (CHD) versus those with no prior CHD.




