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Why I chose this topic

Over the past 4 years (since publication of UKPDS 38 (13)), a concerted effort has been made to reduce blood pressures in people attending the practice diabetic clinic. This effort has involved aggressive increases in medication and a lowering of the threshold for initiating or adding to anti-hypertensive treatment from 150/90 to 140/85. 

Over the same period I have introduced an audit of blood pressure control to our continuous diabetes audit programme. This programme is based around the practice diabetes register, which is held on an Excel spreadsheet. An annual snapshot is taken in June of each year to allow analysis of year on year changes.

The blood pressure audit is based on the most recent clinic blood pressure. 

Results have been as follows:

Percentage of diabetics on treatment for hypertension

	1999
	2000
	2001
	2002

	50%
	56%
	60%
	64%


Percentage of all diabetics with blood pressure below target level for both systolic and diastolic pressures

	
	1999
	2000
	2001
	2002

	Target level 145/85
	33%
	27%
	34%
	33%

	Target level 160/90
	63%
	59%
	66%
	64%


Average clinic blood pressure

	
	2000
	2001
	2002

	Systolic
	148
	148
	149

	Diastolic
	81
	80
	81


Increased prescribing effort is reflected, to some degree, in the increasing percentage of the diabetic population who are treated for hypertension. Yet I was disappointed to see that it had resulted in no change in the percentage of people with diabetes achieving blood pressure targets and no improvement in clinic average blood pressure.

This project is essentially an attempt to investigate why blood pressures have apparently not improved, and then to formulate an evidence-based management plan for hypertension in people with diabetes at our practice.

Planning

I considered what reasons there might be for the failure to reduce blood pressures, and came up with 4 possibilities.

1. I have not been as aggressive as I thought in my attempts to lower blood pressure.

2. Although prescribing may have increased, people were not actually taking the medication due to unwanted effects or non-adherence to prescribed regimes.

3. Attempts to lower blood pressure by increased prescribing have been unsuccessful. The implication of this possibility is that anti-hypertensive drugs don’t work. 

4. Most recent clinic blood pressure is an unreliable measurement to use as an indicator of success.

To investigate these possibilities I planned a five-phased approach.

Phase 1

To amend the practice diabetes spreadsheet to allow recording of “lowest blood pressure recorded in the past year” or “daytime average ambulatory blood pressure”, with the aim of comparing these measures with the currently used “most recent clinic blood pressure”.

Implementation date 1/6/2002. 

Planned analysis date 1/6/2003.

Phase 2

To conduct a detailed description and analysis of the blood pressure management of a selected group of people with diabetes, with the following aims:

· To demonstrate the extent to which anti-hypertensive prescribing has increased.

· To demonstrate the (lack of) effect this increase in prescribing had on clinic blood pressure levels

· To quantify, and reveal trends in, usage of different classes of anti-hypertensive medication.

· To investigate the incidence of unwanted effects sufficient to cause cessation of treatment.

· To investigate adherence to prescribed medication.

· To compare most recent clinic blood pressure, average clinic blood pressure and ambulatory blood pressure.

I was fairly sure that anti-hypertensive prescribing had increased and wanted to quantify this.  I was aware that striving to achieve tight blood pressure control often involves patients taking multiple drug therapy, and was concerned that this may lead to increased unwanted effects and reduced compliance. I was also aware from my case study work that there is no evidence one way or the other concerning the effects of aggressive attempts to achieve tight blood pressure control on the quality of life of people with diabetes.

Phase 3

To conduct a literature search to review the evidence relating to use of anti-hypertensive agents and blood pressure management in people with diabetes, with the following aims:

· To review the evidence base for tight blood pressure control in people with diabetes.

· To investigate the evidence base for use of individual anti-hypertensive agents in people with diabetes.

· To investigate the available evidence concerning the most appropriate blood pressure measurement to use to trigger alterations in anti-hypertensive medication and for audit purposes.

I was aware of evidence that tight blood pressure control has important benefits for people with diabetes and that drugs have to undergo extensive testing to receive a product license. I therefore did not seriously consider it likely that they were ineffective. 

Although we are advised to attempt to achieve tight blood pressure control I was unaware of any guidance as to which blood pressure is the best indicator of success (most recent, average or lowest clinic BP, daytime average ambulatory BP, or average patient recorded home BP).

Phase 4

To formulate an evidence-based policy for the management of blood pressure in people with diabetes, incorporating:

· The place of clinic, ambulatory and home blood pressure measurement.

· Which blood pressure monitoring devices to use.

· Target blood pressure, when to initiate and when to add to anti-hypertensive medication.

· Which anti-hypertensive medications to use.

Phase 5

Implementation of the policy and continued audit.

Timing of phases

Phase 1 was initiated in June 2002, before commencement of the Warwick course. I expected to be investigating blood pressure as my project for the Warwick course, but would have conducted Phase 1 anyway. The results of Phase 1 were, however, the last to become available. These results are presented at the end of this project report as a preliminary demonstration of the effects of the evolutionary change in approach to blood pressure management brought about during the work-up of the project, and as a base-line against which further changes will be compared.

Phases 2 and 3 were carried out simultaneously during December 2002 and January 2003.

Phase 4 was based on the findings of Phases 2 and 3 and was carried out during February 2003.

Phase 5 was commenced in March 2003 and is work in progress.

Phase 2

Investigation of the use and effects of anti-hypertensive medication in a group of people with diabetes mellitus 

Method:

People selected for study had the following characteristics:

· Diabetes mellitus diagnosed prior to 1995

· Attended practice diabetic clinic from 1995 to 2002 at least

· Aged 50 to 74 inclusive

· On anti-hypertensive medication in December 2002

50 people were found with these characteristics. They will be referred to as the “study group”.

The medical records of the study group were examined to gather the following information relating to the years 1995 through 2002:

· All clinic blood pressure records

· Ambulatory blood pressure records

· Prescribed anti-hypertensive medication and dosages

· Reasons for cessation of anti-hypertensive medication

This information was plotted as a time-line on an Excel worksheet with colour-coding for each class of anti-hypertensive agent. Although not part of this investigation long-term complications of diabetes were also recorded on the spreadsheet.

This raw spreadsheet data is presented on the next two pages.

The computer record of prescriptions issued was then examined as a proxy for adherence to the prescribed regime.

Results:

Is there evidence of increased aggressiveness in management of hypertension in people with diabetes?
Graph 1 plots the number of anti-hypertensive medications taken by the study group for each month from January 1995 to December 2002.

It shows a doubling in the total number of anti-hypertensive medications prescribed from just less than 1 per patient to 2 per patient. It also demonstrates that the bulk of this increase in prescribing occurred from 1999 onwards and is continuing to rise.

Graph 2 plots the number of anti-hypertensive medications taken by each person in the study group for each month from January 1995 to December 2002.

Graph 3 plots the same information but shows the percentage of people taking zero to five anti-hypertensive medications for each month.

These graphs show that the percentage of people in the study group on anti-hypertensive medication remained at around 65% from 1995 to 2000, and from 2000 onwards there was a steady progression until the whole group was on treatment. The number & percentage of people taking one or two drugs has increased to some extent, particularly from 2000 onwards, and the number and percentage taking three or more drugs has increased substantially during 2002. By December 2002 32% of the study group were taking 3 or more anti-hypertensive medications, compared with 6% in 1995. 

Conclusion: 

· There is good evidence of increasing aggression in management of hypertension from 1999/2000 onwards.

Has this increased aggression in blood pressure management resulted in an improvement in clinic blood pressure readings for this group of people?
Graph 4 plots the average clinic systolic and diastolic blood pressures for the study group for each year.

It shows apparent random variation in average systolic pressure within the range 152 to 160 mmHg.

For diastolic pressure there appears to be a step improvement between 1997 and 1998. For 1995 to 1997 the range in average diastolic pressure was 86.4 to 88.3 mmHg, and for 1998 to 2002 it was 81.4 to 83.9 mmHg. This step-wise improvement occurred before the increase in aggressive management of blood pressure levels, and the highest readings for 1998 to 2002 were obtained in 2002 when evidence of aggression was greatest.

Conclusions:

· There is little evidence that increased aggression in blood pressure management has resulted in improvements in blood pressure levels.

·  “Clinic average blood pressure” is no more reliable a method of auditing blood pressure control amongst diabetic patients than is “most recent clinic blood pressure level”.
Has increased aggression in blood pressure management resulted in an increase in unwanted effects?
In January 1995 the study group were taking 46 anti-hypertensive medications. Over the course of the 8 years studied 112 new antihypertensive prescriptions were issued. Of this total of 158 prescribed medications 55 (35%) were discontinued due to unwanted effects during the study period. 

Graph 5 plots the number of new prescriptions for each year, together with the number of those prescriptions that were stopped for unwanted effects (irrespective of whether they were discontinued in the year of initiation or in a later year). 

It shows an increased number of new prescriptions from 2000 onwards, but does not display any corresponding increase in the number or percentage of new prescriptions that were stopped for unwanted effects. 

It is likely that the number stopped for unwanted effects for 2002 and possibly 2001 is falsely low, as relatively little time has passed for the unwanted effects to become manifest. 

Nevertheless, my impression that I was having to deal with more unwanted effects following increased aggression in prescribing has not been confirmed by this study.

Conclusion: 

· There is no evidence of an increase in either the number or percentage of unwanted effects resulting from increased prescribing of anti-hypertensive medication.

Are there important differences in usage and tolerability between different classes of drug?
Graph 6 plots the “number of people in the study group taking each class of drug” x “the number of months they took that drug” in each year.

It shows that Angiotensin Converting Enzyme (ACE) inhibitors are used much more than any other class of anti-hypertensive drug, and usage has increased further since 1999. Usage of beta-blockers is relatively low but has nearly doubled since 1999. Use of calcium channel blockers is moderate and has remained fairly static. Use of diuretics is moderate and has increased since 2000. Use of alpha-blockers started low but has risen substantially since 1998 and they are currently the second most frequently used anti-hypertensive agent in the study group. Use of Angiotensin II Receptor Antagonists (ARA) commenced in 1997 and has risen slowly since then, but they remain the least frequently prescribed group of anti-hypertensive agent.

Table 1 again shows that ACE inhibitors have been used more than any other class of drug. ACE-inhibitors and alpha-blockers have the highest and diuretics the lowest rates of discontinuation for unwanted effects (42%, 41% and 10% respectively). Importantly, ACE-inhibitors are often well-tolerated initially and unwanted effects may develop after many months of use (mostly cough and hyperkalaemia). Just under half the instances of cessation of ACE-inhibitors were after more than 1 year of use. Alpha-blockers, on the other hand, are more often discontinued soon after starting the treatment, with 50% of instances of cessation occurring within the first month. 

Diuretics appear to be the best tolerated anti-hypertensive agent, as judged by the average duration of treatment. Using the same criterion, ACE-inhibitors are the second best tolerated despite the fact that they have the highest rate of discontinuation for unwanted effects! Alpha-blockers are the least well tolerated. ARAs have only recently begun to be prescribed in significant amounts, and tend to be prescribed only to people who have been intolerant of other medications, so their true tolerability is likely to be better than that demonstrated in this study.
Is there evidence that failure to achieve lower blood pressure levels has been due to poor adherence to prescribed regimes?

The prescribing records for each person in the study group were examined to record the number of months worth of prescriptions that had been issued for each anti-hypertensive medication used during 2001 and 2002. This was then compared with the number of months for which the drug should have been issued assuming the drug-taker was adhering to the prescribed regime. Compliance was then expressed as a percentage (e.g. 25 months of drug prescribed for 24 months treatment = 104%, 6 months of drug prescribed for 12 months treatment = 50%). Drugs that had been used by an individual for less than 6 months were excluded.

Results were obtained for 87 drugs taken by 45 people.

Using the generally accepted criterion that a person is compliant if they have consumed 80% of a prescribed regime, I found that people had been compliant with 73 of the 87 drugs.

Graph 7 shows that the vast majority of drugs were prescribed in exactly the correct amounts. Drug prescriptions to the left of the red line are the 14 that have not been complied with. Drugs far to the right of the graph have been ordered and supplied in amounts surplus to requirements (assuming that the pharmacist dispensed the amounts required by the prescription).

Graph 8 shows the compliance rates for each person. Where a person was consuming more than one of the 87 drugs, the average compliance for each drug taken has been recorded as that person’s compliance rate. 39 of the 45 people (87%) appear to have been adhering to their regime. 

Further examination of the raw data revealed that the average blood pressure over the two years for the 39 compliant people was 153/82, compared with 163/84 for the 6 non-compliant people. It is tempting to suggest that poor compliance may have some responsibility for the failure for blood pressures to improve. 

However, in order to demonstrate that poor compliance has caused a failure of increased prescribing to improve average clinic blood pressure, I would have to demonstrate that there had been an increase in poor compliance. I have been unable to gather accurate data for earlier years to find out whether compliance rates have changed. 

Conclusion: 

87% of people appear to take their drugs as prescribed. This is a higher compliance rate than that quoted in other studies (see later). It is likely that if 100% compliance could be achieved average clinic blood pressures would be lower than they are. I suspect that compliance rates have not changed and that poor compliance is not a major reason for the failure of increased prescribing to improve average clinic blood pressures.

How do ambulatory blood pressures compare with clinic blood pressures?

14 24-hour ambulatory blood pressure records were made on 13 of the 50 people in the study group during the study period (1 person had two recordings).

The average daytime ambulatory record for each person was compared with his/her average clinic record using clinic blood pressures taken whilst he/she was on the same medication at the same doses as when the ambulatory record was made. These results are shown in table 2.

The overall average daytime ambulatory blood pressure for these 14 recordings was 140/77. This is clearly a lot closer to target levels than the equivalent overall clinic average blood pressure 167/85. The mean difference between ambulatory and clinic pressures was 27 mmHg for systolic pressure and 8 mmHg for diastolic pressure.

The clinic average blood pressure obtained by the above method, 167/85, compares with 157/85 for the average of all clinic blood pressures for all 50 people in the study group over the 8 years of study. This suggests that the 14 ambulatory measures were taken when people were having comparatively high systolic readings. This makes it probable that if all 50 people in the group had ambulatory monitoring, the group average ambulatory recording would be lower than 140/77, for the systolic pressure at least.

Phase 3

Review of published evidence

Review of the evidence concerning the effects of anti-hypertensive medication on the complications of diabetes 

Blood Pressure and Macrovascular Disease (1)
Key Points:

· Thiazide diuretics, ß blockers, and ACE inhibitors significantly reduce cardiovascular events in people with diabetes and several smaller trials suggest they are superior to calcium channel blockers as initial treatment for hypertension. (6 [HOPE],7,8,9,10 [UKPDS39],13 [UKPDS38],14,15)
· ACE inhibitors (ramipril) reduce cardiovascular morbidity and mortality in older diabetic people with other cardiac risk factors. (6 [HOPE])
· Thiazide diuretics, calcium channel blockers (amlodipine) and ACE-inhibitors are equivalent in their effects on cardiovascular mortality and non-fatal myocardial infarction. (40 [ALLHAT]) 
· Tight control of blood pressure reduces the risk of major cardiovascular and cerebrovascular events. (5,13 [UKPDS38],14,15 [HOT])
· There is no good evidence of a threshold below which it is harmful to lower blood pressure. (1)
· Combination treatment with more than one agent is often required to achieve target blood pressures. (13 [UKPDS38],15 [HOT],23,40 [ALLHAT])
Supplemental Points:

· Calcium channel blockers (nitrendipine) may be of value in isolated systolic hypertension in the elderly. (2)
· Angiotensin-receptor antagonists (irbesartan) (3,4) have been shown not to influence cardiovascular end-points, except that they (losartan) are preferable to beta-blockers (atenolol) in patients with left ventricular hypertrophy (11)
· Amlodipine has been shown not to influence cardiovascular end-points in people with diabetic nephropathy. (3)
· The benefits of ACE-inhibitors may (40 [ALLHAT]) or may not (6 [HOPE],8) be closely related to reduction in blood pressure.

· ACE-inhibitors may be superior (9) or equivalent (10 [UKPDS38]) to beta-blockers in preventing cardiovascular events.

· Thiazide diuretics are superior to ACE-inhibitors and equivalent to calcium channel blockers (amlodipine) in preventing combined cardiovascular disease over 5 years, but are more likely to cause a deterioration of glycaemic control and of glomerular filtration rate. (40 [ALLHAT])
· Alpha-blockers (doxazosin) may increase the risk of congestive heart failure in comparison to diuretics. (12 [ALLHAT])
Blood Pressure and Diabetic Retinopathy

Key Point

· Tight control of blood pressure reduces the risk of photocoagulation for retinopathy, deterioration of retinopathy and deterioration of visual acuity. (13 [UKPDS38],14)
Supplemental Point

· ACE inhibitors (ramipril) do not have a specific effect on retinopathy. (6 [HOPE])
Blood Pressure and Nephropathy

Key Points

· ACE inhibitors (6 [HOPE],16,17,18,19,20,21) and ARA’s (22,23) reduce urinary albumin excretion and reduce the rate of progression to and of diabetic nephropathy. 

· ACE inhibitors are more effective than other anti-hypertensive agents in reducing the progression of nephropathy. (20,21)
· ACE inhibitors have been shown to delay progression of nephropathy in normotensive diabetic patients with microalbuminuria. (16,18,19)
· The benefits of ACE-inhibitors (17,18,19,21) and ARA’s (23) may be independent of their blood pressure lowering effects. 

· The combination of an ACE inhibitor (lisinopril) with an ARA (candesartan) has been shown to have beneficial effects greater than for either drug used alone. (24)
· Other anti-hypertensive agents also delay the progression of diabetic renal disease. (20) 

· Tight blood pressure control probably reduces the incidence of microalbuminuria, and probably delays progression to and of macroalbuminuria, but has not been shown to affect deterioration in creatinine clearance or progression to end-stage renal disease. (13 [UKPDS38],14,40 [ALLHAT])
Supplemental Points

· There is probably no difference between the ACE-inhibitors and the benefits probably represent a class effect. (20)
· There is probably no difference between the ARA’s, and the benefits probably represent a class effect. 

· No study directly compares ACE inhibitors with ARA’s. 

· Dihydropyridine calcium channel blockers (e.g. nifedipine) are significantly less effective than other anti-hypertensive agents in delaying progression of diabetic renal disease, despite good blood pressure reduction. (20) 

· Amlodipine has been shown not to have a beneficial effect on progression of diabetic nephropathy. (23)
Review of trials of anti-hypertensive medications in diabetic patients

Primary Prevention:

	2. 
	Tuomilehto J, Rastenyte D, Birkenhäger WH, et al. Effects of calcium-channel blockade in older patients with diabetes and systolic hypertension. N Engl J Med 1999;340:677–684.


(4695 people, 495 with diabetes, aged > 60 years with high systolic blood pressure 165–220/< 95 mm Hg) found that antihypertensive treatment (nitrendipine or enalapril with or without hydrochlorothiazide) versus placebo significantly reduced all cardiovascular events over a median of 2 years (13/252 [5.2%] with antihypertensive treatment v 31/240 [12.9%] with placebo; ARR 8%, 95% CI 3% to 10%; RR 0.4, 95% CI 0.21 to 0.75; NNT 13, 95% CI 10 to 31), but had no significant effect on overall mortality (16/252 [6.3%] for antihypertensive treatment v 26/240 [10.8%] for controls; ARR +4.5%, 95% CI –0.7% to +7.4%; RR 0.59, 95% CI 0.32 to 1.06). After 2 years the average differences between the placebo and active-treatment groups were 8.6mmHg for systolic pressure and 3.9 mm Hg for diastolic pressure. This study did not report on adverse effects. The authors concluded that Nitrendipine-based antihypertensive therapy is particularly beneficial in older patients with diabetes and isolated systolic hypertension. 

	3. 
	Lewis EJ, Hunsicker LG, et al. Renoprotective effect of the angiotensin receptor antagonist irbesartan in patients with nephropathy due to type 2 diabetes. NEJM 2001;345:851–860.


(1715 people with nephropathy due to type 2 diabetes and hypertension, aged 30–70 years) found no significant difference in cardiovascular composite end points (non-fatal myocardial infarction, heart failure) with irbesartan versus placebo (NNT 68, 95% CI –29 to +16; NS), amlodipine versus placebo (NNT 37, 95% CI –45 to +13; NS), or irbesartan versus amlodipine (NNT 79, 95% CI –28 to +17; NS). This study reported a higher incidence of hyperkalemia resulting in discontinuation of treatment with irbesartan versus amlodipine or placebo (11/579 [1.9%] with irbesartan v 3/567 [0.5%] with amlodipine v 2/569 [0.4%] with placebo; P = 0.01 for both comparisons).

	4. 
	Parving HH, Lehnert H, et al. The effect of irbesartan on the development of diabetic nephropathy in patients with type 2 diabetes. NEJM 2001;345:870–878.


(590 people with type 2 diabetes, microalbuminuria, and hypertension, mean age 58 years) found a non-significant reduction in non-fatal cardiovascular events with irbesartan (300 mg) versus placebo (8/194 [4.1%] v 17/201 [8.5%]; NNT 23, 95% CI –236 to +11). This study reported that participants had serious adverse effects (15.4 % with treatment v 22.8% with placebo!) but did not state what they were.

Primary and Secondary Prevention:

	5. 
	Huang ES, Meigs JB, Singer DE. The effect of interventions to prevent cardiovascular disease in patients with type 2 diabetes mellitus. American J Med 2001;111:633–642.


This systematic review found that lowering blood pressure significantly reduced mortality (10 deaths/1000 person-years in treatment arms v 19 deaths/1000 person years in control arms; RR 0.51 95% CI 0.38 to 0.69; equivalent to NTT 22 over 5 years) and stroke (8/1000 person years in treatment arms v 14/1000 person years in control arms; RR 0.61, 95% CI 0.46 to 0.83; equivalent to NNT 33 over 5 years), but found no significant effect of blood pressure lowering on myocardial infarction (14/1000 person years in treatment arms v 16/1000 person years in control arms; rate ratio 0.76, 96% CI 0.51 to 1.01).

	6. 
	Heart Outcomes Prevention Evaluation (HOPE) Study Investigators. Effects of ramipril on cardiovascular and microvascular outcomes in people with diabetes mellitus: results of the HOPE study and the MICRO-HOPE substudy. Lancet 2000;355:253–259. 


(3577 people with diabetes out of 9541 people aged > 55 years with at least 1 of the following risk factors: diagnosed coronary vascular disease, current smoker, hypercholesterolaemia, hypertension, or microalbuminuria) compared ramipril (10 mg) versus placebo and vitamin E versus placebo over 4.5 years in a 2 x 2 factorial design. It found that ramipril versus placebo significantly reduced major cardiovascular events (coronary vascular disease death, acute myocardial infarction, or stroke 277/1808 [15.3%] with ramipril v 351/1769 [19.8%] with placebo; RR 0.75, 95% CI 0.64 to 0.88; ARR 4.5%; NNT 22 meaning that 22 older people with diabetes and additional risk factors need to be treated for 4.5 years to prevent 1 major cardiovascular event, 95% CI 14 to 43), and death from any cause (196/1808 v 248/1769; RR 0.76, 95% CI 0.67 to 0.92; ARR 3.2%; NNT 32, 95% CI 19 to 98). The relative effect of ramipril was present in all subgroups regardless of hypertensive status, microalbuminuria, type of diabetes, and nature of diabetes treatment (diet, oral agents, or insulin). 

Ramipril reduced nephropathy by 24%. (Patients with macroalbuminuria (>= 300 mg/24hrs) at baseline were excluded). The NNT for preventing “overt nephropathy” was 53. 

NNT 15 for combined macrovascular and microvascular.

The average differences between the placebo and active-treatment groups were 2.4 mmHg for systolic pressure and 1.0 mm Hg for diastolic pressure, suggesting that the benefits were not closely related to blood pressure reduction. 

Ramipril did not have a significant effect on the risk of laser photocoagulation for diabetic retinopathy. 

Vitamin E versus placebo had no significant effect on morbidity or mortality. 

This study found that cough was 5% more frequent with angiotensin converting enzyme inhibitor (ramipril) versus placebo. 

Comparisons between different antihypertensive drugs

ACE inhibitors vs Calcium Channel blockers vs Diuretics

	40. 
	The ALLHAT Officers and Coordinators for the ALLHAT Collaborative Research Group: Major Outcomes in High-Risk Hypertensive Patients Randomized to Angiotensin-Converting Enzyme Inhibitor  or Calcium Channel Blocker vs Diuretic: The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT); JAMA vol 288 (23) 12/8/02 pp 2981-97


33357 North American people, aged 55+, with hypertension (mild to moderate) and one other CHD risk factor (h/o MI or CVA >6 months ago, LVH on ECG, type 2 diabetes, current smoker, HDL Cholesterol <0.91 mmol/L, other atherosclerotic CVD). Mean follow-up 4.9 years. Primary outcome – fatal CHD or non-fatal MI, occurred with equal frequency with chlorthalidone 12.5 to 25mg (11.5%), amlodipine 2.5 to 10mg (11.3%), and lisinopril 10 to 40mg (11.4%). Secondary outcomes were all cause mortality, stroke, combined CHD (primary outcome, coronary revascularisation, angina with hospital admission) and combined CVD (combined CHD, stroke, angina, heart failure, PVD). For amlodipine vs chlorthalidone secondary outcomes were similar except for a higher rate of HF with amlodipine (10.2& vs 7.7%, RR 1.38, 95%CI 1.25-1.52). For lisinopril vs chlorthalidone, lisinopril had higher rates of combined CVD (33.3% vs 30.9%, RR1.10, 95% CI 1.05 to 1.16), stroke (6.3% vs 5.6%, RR1.15, 95%CI 1.02-1.3) and HF (8.7% vs 7.7%, RR1.19, 95%CI 1.07-1.31). The authors concluded that “thiazide-type diuretics are superior in preventing one or more major forms of CVD and are less expensive. They should be preferred for first-step anti-hypertensive therapy”. Systolic pressures were significantly higher in the amlodipine (0.8mmHg, P=.03) and lisniopril (2mmHg P<.001) groups compared with chlorthalidone.

Importantly, the trial was sufficiently large to examine cause specific outcomes and was the first hypertension study to have sufficient power to examine the combined incidence of fatal coronary heart disease and non-fatal myocardial infarction as the primary end point. 

There was no difference in rates between the drugs for primary outcome irrespective of the patient's sex, ethnicity, or the presence or absence of diabetes.

Caution has been advised in interpreting the findings with regard to heart failure (41)
· The diagnosis of heart failure in the study was not well validated. 

· It is not surprising that patients randomised to diuretic got less oedema than those randomised to ACE inhibitor or calcium channel blocker. 

· Patients who developed heart failure would have received a diuretic as part of their treatment.

A BMJ editorial (41) suggests that a reluctance to prescribe diuretics for diabetic patients is no longer justified. However, the study does demonstrate that fasting blood sugar rose more often with diuretic, and it did not consider microvascular outcomes – for which tight control of blood sugar is known to be beneficial in diabetic people. 

	
	Chlorthalidone
	Amlodipine
	Lisinopril
	P: AvsC
	P: LvsC

	% with fasting BS >= 7.0mmol/L at baseline
	28.9%
	29.2%
	29.4%
	
	

	Ditto at 4 years
	32.7%
	30.5%
	28.7%
	.11
	<.001

	NNH
	26
	77
	-142
	
	

	% of baseline non-diabetics with fasting BS>=7.0 at 4 years
	11.6%
	9.8%
	8.1%
	.04
	<.001


The table, which is derived from information in ALLHAT, shows that with chlorthalidone 1 in every 26 people had a deterioration in their fasting blood glucose level across the 7mmol/L threshold, compared with 1 in 77 for amlodipine. This deterioration presumably reflects a combination of worsening of control among diabetics and a new diagnosis of diabetes among those that were previously not diabetic. With lisinopril there was an improvement in fasting blood sugar levels.

The bottom row of the table effectively shows the percentage of non-diabetics at baseline, which became diabetic during the course of the 4 years, in each group. There was a considerable fall off in number of participants who had a fasting blood glucose between baseline (7184) and 4 years (3311); (perhaps North Americans do not like to go without their breakfast?). It is possible that the population who had the test at 4 years was biased towards those who had become, or who were suspected of having, diabetes. This might explain the surprisingly high percentages.

Although the study does not report on microvascular end-points it does report on Glomerular Filtration Rates, which could be used as a proxy.

	
	Chlorthalidone
	Amlodipine
	Lisinopril
	P: AvsC
	P: LvsC

	Baseline GFR
	77.6
	78.0
	77.7
	.08
	.57

	GFR at 4 years
	70.0
	75.1
	70.7
	<.001
	.03


This suggests a beneficial effect of amlodipine. It has been suggested that there is a threshold level of proteinuria  (urinary protein:creatinine ratio =0.22) above which renal function is preserved better with ACE inhibitors and below which renal function is preserved better with amlodipine. (42)
There was no evidence of previous concerns about the safety and efficacy of calcium channel blockers for the treatment of hypertension.

There was no evidence of benefits of ACE inhibition "independent of blood pressure" in terms of protection against cardiovascular disease and stroke.

40% of patients required more than one drug, the average number of drugs being 2. One third of patients did not achieve the target blood pressure of <140/90. 63% of those who did achieve the target required two or more drugs.

Since most hypertensive diabetics require 2 or 3 drugs for reasonable blood pressure control, and ALLHAT did not consider either the best combination of treatments or the effects on microvascular disease, the relevance of establishing which drug to use first line is not clear.

ACE inhibitors vs Calcium Channel blockers

	7. 
	Tatti P, Pahor M, Byington RP, et al. Outcome results of the Fosfinopril versus Amlodipine Cardiovascular Events randomised Trial (FACET) in patients with hypertension and NIDDM. DiabetesCare 1998;21:597–603.

	8. 
	Estacio RO, Jeffers BW, Hiatt WR, et al. The effect of nisoldipine as compared with enalapril on cardiovascular events in patients with non-insulin-dependent diabetes and hypertension. N Engl J Med 1998;338:645–652. 


Found that ACE inhibitors versus calcium channel blockers significantly reduced combined cardiovascular events (cardiovascular death, acute myocardial infarction, congestive heart failure, stroke, pulmonary infarction, angina) (34/424 [8%] with ACE inhibitors v 70/426 [16%] with calcium channel blockers; ARR 8%, 95% CI 4% to 13%; RR 0.49, 95% CI 0.33 to 0.72; NNT 13, 95% CI 7 to 25). ACE inhibitors versus calcium channel blockers also reduced the three outcomes of death, acute myocardial infarction, and stroke, but the reductions were not significant. In the nisoldipine trial, at least, blood pressure control was similar between the two groups.

ACE inhibitors vs diuretics / beta-blockers

	9. 
	Niskanen L, Hedner T, et al. Reduced cardiovascular morbidity and mortality in hypertensive diabetic patients on first line therapy with an ACE inhibitor compared with diuretic beta blocker based treatment regiment, a sub analysis of the captopril prevention project. Diabetes Care 2001;24:2091–2096.


This RCT (572 people, 6.1 years) comparing ACE inhibitors versus alternative treatment that included ß blockers, combination ß blockers and diuretics, and diuretics in people with and without diabetes. It found that captopril versus diuretics or ß blockers reduced the number of people who experienced acute myocardial infarction, stroke, or death (43/263 [18%] with diuretics/ß blockers v 30/309 [10%] with captopril; ARR 6.6%, 95% CI 1.1% to 12.2%; NNT 15, 95% CI 8 to 105).

ACE inhibitors vs beta blockers

	10. 
	UK Prospective Diabetes Study Group. Efficacy of atenolol and captopril in reducing risk of macrovascular and microvascular complications in type 2 diabetes: UKPDS 39. BMJ 1998;317:713–720.


(758 people, 456 cardiovascular events) comparing an ACE inhibitor (captopril) versus a ß blocker (atenolol) over 8.4 years. Found no significant difference between captopril versus atenolol in the number of cardiovascular events (102/400 [25.5%] with captopril v 75/358 [20.9%] with atenolol; ARI +5%, 95% CI –1% to +11%; RR 1.22, 95% CI 0.94 to 1.58). People taking atenolol gained more weight than those taking captopril (3.4 kg with atenolol v 1.6 kg with captopril; P = 0.02). There was no difference between atenolol and captopril in rates of hypoglycaemia, lipid concentrations, tolerability, blood pressure lowering, or prevention of disease events. 60% of the patients were taking anti-hypertensive medication additional to (or instead of) the study drug.

ARA’s vs beta-blockers

	11. 
	Dahlof B, Devereux RB, et al. Cardiovascular morbidity and mortality in the losartan intervention for endpoint reduction in hypertension study (LIFE): a randomized trial against atenolol. Lancet 2002;359:995–1003.


(1195 people with diabetes out of 9193 people, aged 55–80 years) comparing losartan (586 people) versus atenolol (609 people) in people with left ventricular hypertrophy showed that after a 4 year follow up, losartan versus atenolol significantly reduced the primary cardiovascular composite end points (cardiovascular mortality, stroke, and myocardial infarction occurred in 103/586 [17.6%] with losartan group v 139/609 [22.8%] with atenolol; NNT19, 95% CI 11 to 142). Discontinuation of treatment because of adverse effects was less common with losartan versus atenolol (2/586 v 9/609). Adverse events occurring with significantly different frequency in losartan versus atenolol were bradycardia (1% v 9%; P < 0.0001), cold extremities (4% v 6%; P < 0.0001), albuminuria (5% v 6%; P = 0.0002), hyperglycaemia (5% v 7%; P = 0.007), asthenia/fatigue (15% v 17%; P = 0.001), back pain (12% v 10%; P = 0.004), dyspnoea (10% v 14%; P < 0.0001), and lower extremity oedema (12% v 14%; P = 0.002).

Diuretics vs alpha-blockers

	12. 
	The ALLHAT Officers and Coordinators for the ALLHAT Collaborative Research Group: Major Cardiovascular Events in Hypertensive Patients Randomized to Doxazosin vs Chlorthalidone: The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT); JAMA vol 283 (15) 19/4/00 pp 1967-75.


There do not appear to be any studies specifically relating to the risk / benefit status of alpha-blockers in diabetic patients, or any studies other than ALLHAT looking at the risk / benefit status of alpha-blockers on cardio-vascular end-points.
ALLHAT is a North American study of 24335 patients aged 55+ with hypertension and one or more other CHD risk factors, designed to compare the effect of doxazosin, with chlorthalidone, on incidence of CVD as part of a study of 4 types of antihypertensive drug: chlorthalidone, doxazosin, amlodipine, and lisinopril. The doxazosin arm of the study was discontinued early because of an increased risk of Congestive Heart Failure in the doxazosin group. It is difficult to judge whether the CHF rate with doxazosin is the same as, less than, or more than would be expected without antihypertensive drug treatment. This study also demonstrated that chlorthalidone was more effective at lowering systolic blood pressure than doxazosin (by a mean of 3mmHg) (no difference for diastolic). 
Tight Blood Pressure Control vs Conventional Blood Pressure Control

	13. 
	UK Prospective Diabetes Study Group. Tight blood pressure control and risk of macrovascular and microvascular complications in type 2 diabetes: UKPDS 38. BMJ 1998;317:703–713.


This large RCT (1148 people with type 2 diabetes and with hypertension managed with atenolol or captopril) found that tight blood pressure control (< 150/< 85 mmHg) (mean BP achieved 144/82), versus less tight control (< 180/<105 mmHg) (mean BP achieved 154/87) reduced incidence of acute myocardial infarction (fatal or non-fatal) (NNT 14) and stroke (NNT 27). 

It reported a “37% reduction in microvascular end-points, predominantly owing to a reduced risk of retinal photocoagulation”. After 9 years of follow-up the group assigned to tight BP control also had a 34% reduction in risk in deterioration of retinopathy (by two steps), and a 47% reduction in risk of deterioration of visual acuity (by three lines of the early treatment of retinopathy study chart). 

There was an 8% reduction in risk of microalbuminuria (>50 mg/L) at 6 years, which reduced to 4% (not significant) at 12 years. There was no significant effect on macroalbuminuria (>300 mg/L).

There was a reduced risk of ‘any diabetes related end-point’ (primarily cardiovascular deaths, stroke, and retinal photocoagulation) (NNT 6 over 10 years), and diabetes related deaths (NNT 15 over 10 years). 

29% of patients in the tight control group required three or more anti-hypertensive drugs and 44% of patients in this group did not achieve the 150/85 target, and in 4% mean BP did not fall below 180/105.

	14. 
	Schrier RW, Estacio RO, et al. Effects of aggressive blood pressure control in normotensive type 2 diabetic patients on albuminuria, retinopathy and strokes. Kidney International 2002;6:1086–1097.


Compared intensive (target diastolic BP 10 mm Hg below baseline) versus moderate diastolic blood pressure control (diastolic BP 80–89 mm Hg) in normotensive (BP < 140/90) people with diabetes (480 people, 243 randomised to placebo, mean age 58.5 years; 118 to nisoldipine, mean age 59.1 years; and 119 to enalapril, mean age 59.4 years) over 5.3 years. It found that people randomised to intensive treatment had a significantly lower incidence of cerebral vascular accidents compared to people receiving moderate treatment (4/237 [1.7%] v 13/243 [5.4%]; OR 3.29, CI 1.06 to 10.25; NNT 27, 95% CI 14 to 255). It found no significant differences in cardiovascular death, myocardial infarction, congestive heart failure, or all cause mortality. No difference was demonstrated in creatinine clearance (P = 0.43), but a lower percentage of patients in the intensive group progressed from normoalbuminuria to microalbuminuria (P = 0.012) and microalbuminuria to overt albuminuria (P = 0.028). The intensive BP control group also demonstrated less progression of diabetic retinopathy (P = 0.019). The results were the same whether enalapril or nisoldipine was used as the initial antihypertensive agent.

	15. 
	Hansson L, Zanchetti A, Carruthers SG, et al. Effects of intensive blood-pressure lowering and low-dose aspirin in patients with hypertension: principal results of the Hypertension Optimal Treatment (HOT) randomised trial. Lancet 1998;351:1755–1762.


This RCT found half the risk of major cardiovascular events with a target diastolic blood pressure of 80 mm Hg or less versus 90 mm Hg or less (NNT 22). >20% in the tight control group required maximum dosage of three anti-hypertensive agents, and only 50% of this group achieved the 80 mmHg target.
The effect of anti-hypertensive agents on nephropathy

	16. 
	Ravid M et al. Long-term effects of ACE inhibition on development of nephropathy in diabetes mellitus type II. Kidney Int 1994;45(suppl):S161-4


Showed that improved BP control with enalapril prevented an increase in urine albumin excretion and gave a slower decline in renal function in 49 normotensive subjects with type 2 diabetes and microalbuminuria (30-290 mg/24hrs)

	17. 
	Lewis EJ et al. The effect of angiotension converting enzyme inhibition on diabetic nephropathy. NEJM 329:1456-1462 Nov 11th 1993


Demonstrated that captopril reduces the rate of progression of nephropathy in type 1 diabetics with proteinuria (>500 mg/24hrs), and that the benefits were largely independent of blood pressure.

	18. 
	Viberti G et al. Effect of Captopril on progression to clinical proteinuria in patients with insulin-dependent diabetes mellitus and microalbuminuria. JAMA Vol 271: 275-279. January 26th 1994


Demonstrated that captopril reduced the rate of progression to ‘clinical proteinuria’ (AER > 200 mcg/min) in 94 normotensive type 1 diabetics with microalbuminuria (AER 20-200 mcg/min).

	19. 
	Lovell HG: Are angiotensin converting enzyme inhibitors useful for normotensive diabetic patients with microalbuminuria. The Cochrane library. Oxford: Update software, 1999


A meta-analysis of 11 small short-duration randomised placebo-controlled trials, demonstrating that ACE inhibitors reduce progression of proteinuria in normotensive type 1 and type 2 diabetics. The mean difference in AER between the treatment and control groups was 179 mcg/min

	20. 
	Gansevoort RT et al. Anti-proteinuric effect of blood pressure reducing agents: a meta-analysis of comparative trials. Nephrology, Dialysis, Transplantation 1995;10 1963-74.


A meta-analysis of 41 trials of >1 week in duration, demonstrating that overall ACE inhibitors were more effective at reducing proteinuria than other anti-hypertensives. ACE inhibitors gave a 40% reduction in progression of proteinuria whilst for other anti-hypertensives the figure was 17%. There was no significant difference between different ACE-inhibitors, suggesting that there is a class effect. Nifedipine produced the smallest reduction in proteinuria (8%) despite a more substantial fall in blood pressure, suggesting that the effects of ACE-inhibitors in preventing progression of proteinuria are not closely related to their anti-hypertensive effects.

	21. 
	Maki DD et al. Long term effects of anti-hypertensive agents on proteinuria and renal function. Archives of Internal Medicine 1995;155:1073-80


A meta-analysis of 84 studies, with 156 trial arms, lasting > 6 months. This again demonstrated that ACE inhibitors were more effective at reducing proteinuria than other anti-hypertensives. And again the benefits did not seem directly related to the blood pressure reduction. However, when only the 14 randomised controlled trials were considered the changes in urinary albumin excretion were found to be proportional to the blood pressure reduction.

	22. 
	Brenner BM et al. Losartan was reno-protective in diabetic nephropathy independent of its effect on blood pressure. NEJM. 2001 Sep 20;345:861-9


A randomized placebo-controlled trial of the effects of losartan on 1513 patients aged 31-70 with type 2 diabetes and diabetic nephropathy (urinary albumin:cratinine >= 300mg/g and serum creatinine 115-265 micromol/L. Primary outcomes targeted were doubling of baseline serum creatinine level, end-stage renal disease or death. Losartan reduced risk for the composite outcomes (RR 16%, p 0.02, NNT 33), doubling of serum creatinine (RR 25%, p 0.006, NNT 25) and of end-stage renal disease (RR 28%, p 0.002, NNT 17); but had no effect on death rate or on cardiovascular outcomes. These benefits were independent of blood pressure.

	23. 
	Parving et al. The effect of irbesartan on the development of diabetic nephropathy in patients with type 2 diabetes (IDNT). NEJM 2001;345(12):851-860


Compared irbesartan 300mg od with amlodipine 10mg od in 1715 patients with type 2 diabetes and diabetic nephropathy for. Primary outcomes targeted were doubling of baseline serum creatinine level, end-stage renal disease or death. Results showed that irbesartan had beneficial effects compared with either placebo or amlodipine on the composite end-point (RRR 20% p0.02 vs placebo, RRR 23% p 0.006 vs amlodipine). Irbesartan reduced the risk of a doubling of the serum creatinine concentration (RRR 33%, p 0.003 vs placebo, RRR 37% p <0.001 vs amlodipine), and reduced risk of end-stage renal disease (RRR 23%, p 0.007 vs both placebo and amlodipine). No differences between the groups in death rate or cardiovascular morbidity over 2.6 years of follow-up. Mean BP’s achieved in this trial were 140-150/74-77. A mean of 3 or 4 additional non-study medications were needed to achieve these blood pressure levels. The benefits of irbesartan were independent of blood pressure.

	24. 
	Mogensen CE et al. Randomised controlled trial of dual blockade of rennin-angiotensin system in patients with hypertension, microalbuminuria and non-insulin dependent diabetes: the candesartan and lisinopril microalbuminuria (CALM) study. BMJ.2000;321:1440-4


Showed that the combination of candesartan with lisinopril for 24 weeks resulted in greater reductions in blood pressure and in the albumin:creatinine ratio than either drug given alone.

	45. 
	Lewis EJ et al. Effect of intensive blood pressure control on the course of type 1 diabetic nephropathy. Collaborative study group. Am J Kidney Diseases; 34(5):809-17, 1999 Nov


(129 type 1 diabetics with nephropathy on ramipril) Tight control group target Mean Arterial Pressure 92 mmHg, conventional group target MAP 100-107 mmHg. Average difference between groups 6 mmHg at 2 years. Total urinary protein excretion significantly less in tight control group (535 vs 1723 mg/24h; p=0.02).

Review of evidence concerning Compliance
Neusch et al (39) concluded that non-compliance with treatment was no more prevalent in treatment-resistant hypertensive patients than it was in treatment responsive patients. 82% of treatment-resistant patients and 85% of treatment-responsive patients were found to be compliant (ie took >= 80% of their prescribed anti-hypertensive medication over a one month period).
Review of evidence concerning which method of Blood Pressure measurement should be used?
Key Points

· Research evidence on the relation between blood pressure and risk of coronary heart disease is based on clinic measurements taken after 5 minutes' rest, seated and using calibrated equipment. (25)
· Six prospective studies have shown that ambulatory blood pressures may be a much better predictor of target organ damage and subsequent adverse events than measurements made in a clinic. (26)
· Blood pressures recorded by doctors are much higher than ambulatory pressures (mean difference 18.9 mmHg systolic), and have a low specificity (26%) for predicting high ambulatory blood pressure. (27,36)
· Repeated blood pressures recorded by patients, nurses or technicians are much closer to ambulatory pressures than those recorded by doctors. (27,28,29,30,31,32,33,34)
· There is considerable variation in blood pressure within an individual.

· Management according to ambulatory pressure results in fewer visits to clinic and less use of drugs. (28)
In clinical practice blood pressure may be measured opportunistically (when pain, anxiety, or malaise affect blood pressure), in a hurry (with inadequate rest periods), or in expectation of a blood test, all of which increase blood pressure, and often with uncalibrated equipment. Overestimation is likely under these conditions. (25)
In epidemiological studies the effects of random error, due to variability of blood pressure in each person, are corrected for during analysis. In clinical trials the effects of random error are eliminated by comparing blood pressures with a control group. In clinical practice, however, changes in blood pressure from treatment are assessed on the basis of a few measurements. This means that deciding whether a patient has achieved a target systolic blood pressure is subject to a great deal of error. With regular follow up, it is only a matter of time before further treatment is added or the dose increased.

Marshall (25) has suggested we rethink the concept of target blood pressures in the light of an understanding of biological variation. We know that anti-hypertensive drugs work from the experience of many clinical trials in which thousands of patients had repeated blood pressure measurements. A few measurements taken from one person are more likely to be misleading than informative.

Winocour (35) reviewed blood pressure targets for diabetics and concluded that “…tight targets for blood pressure (140/90) are unrealistic for more than 30-40% of hypertensive patients in routine diabetes practice, where it is more realistic to aim for 75% of hypertensive patients to be below 160/95 and a reduction in mean clinic blood pressure”.  
Review of Uses of Ambulatory Blood Pressure Monitoring (37)
1. Detection of white-coat hypertension

· Defined as clinic BP >=140/90, daytime ambulatory pressure <135/85

· Prevalence 15-30% in general population – raising the question of whether all patients should have ABPM before a diagnosis of hypertension is made

· Risks are considerably less than for patients with sustained hypertension, but are probably greater than for normotensives

· Reduces need for drug-prescribing, and follow-up

2. Patients with clinic borderline hypertension

3. Elderly patients

· Systolic blood pressure measured conventionally in the elderly may average 20 mmHg higher than daytime ambulatory blood pressure. (36)
· Ambulatory systolic blood pressure is a significant predictor of cardiovascular risk over and above conventional systolic blood pressure. (36)
· Elderly patients may be especially susceptible to unwanted effects of anti-hypertensive drugs, particularly hypotension.
4. Detection of nocturnal hypertension

· The only reliable method to detect nocturnal hypertension.

· Nocturnal hypertension is independently associated with end-organ damage.

· Lack of nocturnal dipping of blood pressure is independently associated with end-organ damage; and has been shown to be a precursor of microalbuminuria in people with type 1 diabetes.

· Lack of nocturnal dipping may indicate secondary hypertension.

5. Patients with treatment resistant hypertension

· Conventional BP >=150/90 despite treatment with three anti-hypertensive drugs – to assess need for additional treatment.

6. Detection of hypotension

· In those patients on anti-hypertensive medication with symptoms suggestive of intermittent hypotension.

· Nocturnal hypotension (extreme dipping) may be associated with cerbro-vascular and myocardial ischaemia.

Phase 4

To formulate an evidence-based policy for management of blood pressure in people with diabetes mellitus

What is our current practice?

Blood pressures are measured by the practice nurse, as part of a range of measurements carried out at each attendance at the practice diabetic clinic. This pressure has usually been measured using a standard mercury sphygmomanometer with an appropriately sized cuff. From early 2002 pressures have often been measured using an automated device (Omron M5-I). 

If the pressure is significantly higher than usual for that patient I confirm it. In contrast to the findings of Little (27), I have usually found pressures recorded by me to be the same as or lower than those recorded by the practice nurse. I suspect this is related to a rest period between the two readings, and to the order in which the readings are taken (nurse first, me second).

Decisions to initiate treatment are based on at least three blood pressure readings, but decisions to alter doses or to add to treatment may be based on single or multiple readings depending on the circumstances.

Ambulatory blood pressure monitoring is used for suspected white-coat hypertension and for resistant hypertension. The results are nearly always lower than clinic readings. The suggestion (38) of adding 10 mm Hg systolic and 5 mm Hg diastolic to ambulatory pressures to provide readings "equivalent" to the clinic readings used in clinical trials is often adopted when making treatment decisions in these circumstances.

The ACE-inhibitor ramipril is used as first choice anti-hypertensive for diabetic patients. The beta-blocker atenolol, or the diuretic indapamide, the calcium channel blocker diltiazem or the alpha-blocker doxazosin may all be used as additional treatments. The ARA candesartan is used for patients who are intolerant of an ACE-inhibitor, or as additional treatment. Rarely, other agents such as hydrallazine are used as part of combination regimes.

Which blood pressure measurements should we use as a basis for treatment decisions?

The evidence presented above suggests that blood pressures taken at the clinic are almost completely unreliable. Since clinic blood pressures are almost always significantly higher than ambulatory pressures it seems reasonable to retain clinic blood pressure measurement as an initial screening tool. If the clinic pressure is acceptable then ambulatory pressure is likely to be better (lower).

For some groups of people with diabetes the benefits of ACE-inhibitors are so well demonstrated that there should be a very low threshold for their initiation. I propose that an ACE-inhibitor should be commenced for:

· Any person with diabetes and persistent proteinuria 

· Any person aged >55 with diabetes who:

· Is a smoker (or has only recently stopped smoking)

· Has hypertension (based on clinic pressures)

· Has hypercholesterolaemia (TC > 5.2 or HDL <=0.9mmol/L) (6)
· Has ischaemic heart disease

In these groups of people (at least) the benefits of ACE-inhibition are largely independent of blood pressure lowering (or small improvements in blood pressure are highly significant). (6)
For all other people with diabetes the decision to initiate anti-hypertensive medication should be based on the daytime average ambulatory pressure, as measured by a device with a grade A/A validation rating according to the Britsh Hypertension Society protocol (see www.bhsoc.org)

Introduction of additional anti-hypertensive medications should also be based on ambulatory pressures. Ideally dosage increases would be based on ambulatory pressures as well, but it seems unlikely we will have the capacity for doing so many ambulatory measures. I suggest that, where possible, dosage increases should be based on home blood pressure monitoring using a BHS approved device, and that people with diabetes are encouraged to purchase such a device. Where this is not possible clinic blood pressure measurements will have to do. As the evidence seems to suggest that the lower the blood pressure the better, in most situations we should aim to increase each medication to its maximum recommended / tolerated dose. 

Currently the only device for home monitoring approved by BHS and validated at their highest level (A/A) is A&D UA 767 (A&D instruments). This is the instrument we should recommend, and ensure that it is available at a local outlet.
The decision as to what level of blood pressure to use as a target is somewhat arbitrary. It seems reasonable to suggest that if we are to change from using clinic to ambulatory pressures as the basis for treatment decisions then the target level should be lowered. I suggest 135/80.

Having obtained a satisfactory ambulatory measure, there is no good evidence on which to base the frequency and method of subsequent monitoring. I propose that, as long as the person remains on the same medication, an ambulatory measurement will be good for 2 to 3 years, after which it should be repeated. Monitoring for substantial rises during this period should be based on home blood pressure monitoring. It is tempting to suggest that, where home blood pressure monitoring is being done with a reliable validated device, clinic blood pressure measurement should be abandoned. Where home blood pressure measurement is not possible, clinic pressure should be used solely to detect alarming rises compared with that person’s previous clinic measurements.

Which drugs should we use?

Summary of Trial Evidence

Angiotensin Converting Enzyme Inhibitors (ACE)
· Proven effectiveness in prevention of cardiovascular mortality and morbidity (6)

· Proven effectiveness in prevention of proteinuria (6)

· More effective than other anti-hypertensives in prevention of and delaying progression of proteinuria (20,21)

· Similar effectiveness to CCB and TD in preventing cardiovascular and all cause mortality and non-fatal MI (40)

· Similar effectiveness to BB in preventing cardiovascular events (10)

· Less likely to result in weight gain than BB (10)

· Does not cause any deterioration in glycaemic control and may improve it (40)

· More likely to develop combined cardiovascular disease, stroke and heart failure than TD (40)

· May cause a decline in GFR (40)

Beta-blockers (BB)

· Similar effectiveness to ACE in preventing cardiovascular events (10)

· More likely to result in weight gain than ACE (10)
· Less effective than ARA at reducing cardiovascular outcomes in people with LVH (11)
Calcium Channel Blockers (CCB)

· Similar effectiveness to ACE and TD in preventing cardiovascular and all cause mortality and non-fatal MI (amlodipine)(40)

· May be beneficial in isolated systolic hypertension in the elderly (2)

· May preserve GFR (in people without proteinuria) (40)

· Do not reduce cardiovascular morbidity/mortality in people with nephropathy (amlodipine) (3)

· Do not reduce progression of proteinuria (23)

· May be more likely to develop heart failure than TD (40)

Thiazide Diuretics (TD)

· Similar effectiveness to ACE and CCB in preventing cardiovascular and all cause mortality and non-fatal MI (40)

· Less likely to develop heart failure than with ACE, CCB or AB (12, 40)

· More effective at lowering BP than ACE, CCB or AB (12,40)

· May cause a deterioration in glycaemic control (40)

· Greater decline in GFR than CCB or ACE (40)

Alpha Blockers (AB)

· More likely to develop heart failure than TD (12)
· Less effective at lowering BP than TD (12)
Angiotensin II Receptor Antagonists (ARA)

· Reduced incidence of cardiovascular outcomes compared with BB in people with LVH (11)

· Proven effectiveness in reducing progression of proteinuria (23)

· Do not reduce cardiovascular morbidity/mortality in people with nephropathy (irbesartan) (3)
Metabolic effects

There is concern that adverse metabolic effects (increased insulin-resistance, dyslipidaemia) of certain anti-hypertensive agents may offset the beneficial effects of lowering blood pressure, particularly with long-term use.

These metabolic effects are summarised in the table below: (43,44)
	 
	ACE
	BB
	CCB
	TD
	Indapamide
	AB
	ARA

	Insulin resistance
	neutral/beneficial
	adverse
	neutral
	adverse
	neutral
	beneficial
	neutral

	Lipids
	neutral/beneficial
	adverse
	neutral
	adverse
	neutral
	beneficial
	neutral


Summary and choice of antihypertensive medication

Angiotensin Converting Enzyme Inhibitors (ACE)
Clearly beneficial effect in preventing onset and development of proteinuria, but have not been shown to reduce progression to end-stage renal disease, and some suggestion that they adversely affect GFR.

Clearly beneficial in preventing macrovascular disease, equivalent to BB and CCB, but less beneficial than TD.

Metabolically neutral or beneficial, and may benefit glycaemic control.

In our practice 42% of people will eventually withdraw from treatment due to adverse effects, but well tolerated by those who do not develop cough or hyperkalaemia.

Moderately expensive.

Drug selection: The benefits of ACE-inhibitors almost certainly represent a class effect, however I favour ramipril as it was the one used in the HOPE study.(6) I also favour using the starter pack, which gradually increases the dose to 10mg by the end of the first month. 10mg was the dose used in the HOPE study, but people initiated at this dose tend to suffer from light-headedness and other unwanted effects. 

Lower doses or a slower increase in dosage is recommended for the frail elderly.

28 days treatment with ramipril 10mg costs £13.

Some other drugs in this class are slightly less expensive at present (down to £7.67 for 28 days of imidapril at maximum dosage), but ramipril comes off patent in the near future and costs are likely to decrease.

Beta-blockers (BB)
No specific microvascular benefits.

Clearly beneficial in preventing macrovascular disease, equivalent to ACE.

Causes significant dose dependent adverse metabolic effects and weight gain.

In our practice 27% of people withdraw from treatment due to unwanted effects.

Generally inexpensive.

Drug selection: I favour atenolol as it is cardioselective, once daily, inexpensive and it was the drug used in the UKPDS study. Dosage starts at 25mg and may be increased to 50mg and then to 100mg at intervals of at least 2 to 3 months. Higher doses are generally less well tolerated.

28 days treatment with atenolol 100mg costs 98p.

Newer vasodilating beta-blockers (carvedilol, celiprolol) may have beneficial effects on insulin-sensitivity (44), but lack long-term RCT evidence of benefit on outcomes and are expensive (£25.12 and £34.12 respectively at maximum dosage). 

Calcium Channel Blockers (CCB)

No specific benefit on progression of proteinuria, but may preserve GFR.

Clearly beneficial in preventing macrovascular disease, equivalent to ACE (but may not have this benefit in people with nephropathy).

In our practice 38% of people will eventually withdraw from treatment due to adverse effects.

Metabolically neutral.

Moderately expensive.

Drug selection: Until publication of the ALLHAT(40) trial, I had largely confined prescribing to a branded version of diltiazem. ALLHAT used amlodipine, and is the largest trial yet to have published evidence in favour of CCB use. I therefore propose to switch preference to amlodipine. Starting dose 5mg increasing to 10mg as necessary.

28 days treatment with amlodipine 10mg costs £17.70.

Thiazide Diuretics (TD)

No specific benefit on microvascular disease and may cause deterioration in GFR.

Clearly beneficial in preventing macrovascular disease, probably more beneficial than any other class.

Better tolerated than any other class.

Significant adverse metabolic effects, and worsening of glycaemic control, with all TD’s except indapamide, which is metabolically neutral.

Cheap.

Drug selection: I generally prefer indapamide mr 1.5mg in people with diabetes due to its metabolically neutral effects. However, there are no long-term RCT’s showing outcome benefits for indapamide. Whilst it is probable that the benefits (and unwanted effects) of chlorthalidone in ALLHAT are shared by bendrofluazide (which is more commonly used in our practice), it is not safe to assume that the benefits will be the same for indapamide as it clearly has different metabolic effects. Theoretically it could be proposed that the benefits of indapamide should be greater, but there is no trial evidence supporting this proposition. 

30 days treatment with indapamide mr 1.5mg costs £4.47 (cf bendrofluazide 2.5mg  80p)

Alpha Blockers (AB)

No specific benefit on microvascular disease.

No specific benefit on macrovascular disease.

Least well tolerated class.

Metabolically beneficial.

Expensive.

Drug selection: I favour doxazosin as it is once daily and generally better tolerated than the much cheaper twice daily prazosin. Dose starts at 1mg and can be built up gradually to 16mg, but most people will not tolerate more than 8mg.

28 days treatment with doxazosin mr 8mg costs £28.16

Angiotensin II Receptor Antagonists (ARA)

Clearly beneficial effect in preventing onset and development of proteinuria, but have not been shown to reduce progression to end-stage renal disease.

Little clear benefit for macrovascular disease.

Generally well tolerated.

Metabolically neutral.

Expensive.

Drug selection: Though irbesartan is the only ARA with a license for use in diabetic nephropathy, the benefits almost certainly represent a class effect. I therefore tend to prescribe the least expensive. Currently I favour candesartan. Dose starts at 2 or 4mg and can be increased to 8mg and then 16mg as necessary.

28 days treatment with candesartan 16mg costs £17.75.

I notice in preparing this study that telmisartan at its maximum dosage of 80mg is £15.75 for 28 days treatment. A switch will be considered.

Ranking of classes 
(> = “better than”)

Microvascular disease:
ACE>ARA>CCB>BB,AB,>TD

Macrovascular disease:
TD>CCB>ACE,BB>ARA>AB

Tolerability:


TD>ACE,BB,CCB>AB (?ARA)

Metabolic effects:

AB>ACE>CCB,ARA>BB>TD

Cost:



TD>BB> ACE>CCB,ARA >AB

Using Indapamide as thiazide, and assuming this has similar effect on macrovascular disease to chlorthalidone, the rankings change slightly:

Metabolic effects:

AB>ACE>CCB,ARA,TD>BB

Cost:



BB>TD> ACE>CCB,ARA >AB

If each of these 5 rankings is given equal importance and points are awarded 6 for best class down to 1 for worst class, the points for each class are as follows:

	 
	Mic.
	Mac.
	Tol.
	Met.
	Cost
	Total
	RANK
	
	 
	Mic.
	Mac.
	Tol.
	Met.
	Cost
	Total
	RANK

	ACE: 
	6
	3.5
	3.5
	5
	4
	22
	1
	
	ACE: 
	6
	3.5
	3.5
	5
	4
	22
	1

	BB:
	2.5
	3.5
	3.5
	2
	5
	16.5
	4
	
	BB:
	2.5
	3.5
	3.5
	1
	6
	16.5
	4

	CCB:
	4
	5
	3.5
	3.5
	2.5
	18.5
	3
	
	CCB:
	4
	5
	3.5
	3
	2.5
	18
	3

	TD:
	1
	6
	6
	1
	6
	20
	2
	
	Indapamide
	1
	6
	6
	3
	5
	21
	2

	AB:
	2.5
	1
	1
	6
	1
	11.5
	6
	
	AB:
	2.5
	1
	1
	6
	1
	11.5
	6

	ARA:
	5
	2
	3.5
	3.5
	2.5
	16.5
	4
	
	ARA:
	5
	2
	3.5
	3
	2.5
	16
	5


It seems clear that greater use should be made of diuretics and my policy must change in favour of Calcium Channel Blockers at the expense of Alpha Blockers.

I propose that for people with diabetes anti-hypertensive agents should be introduced in the following order: 

Step 1: Ramipril starter pack for first 5 weeks (2.5mg,5mg,10mg) then continue with 10mg. (In the frail elderly start at 2.5mg and increase at monthly or longer intervals as necessary).

Step 2: Add Indapamide mr 1.5mg 

Step 3: Add Amlodipine 5mg and increase to 10mg after 1 to 3 months as necessary.

Step 4: Add Atenolol 25mg and increase to 50mg and 100mg at 2 to 3 monthly intervals as necessary. (Consider switching to the combined preparation co-tenidone in place of atenolol + indapamide).

Step 5: Add Candesartan 2mg, increasing to 4mg, 8mg and 16mg at intervals of 1 to 3 months as necessary.

Step 6: Add Doxazosin 1mg, increasing to 2mg, and then doxazosin mr 4mg increasing to 8mg at intervals of 1 to 3 months as necessary.

Clearly any treatment not tolerated should be withdrawn.

Other conditions:

The decision as to which drug to use at a particular time will be influenced by other conditions the individual patient may have. These other conditions may contraindicate certain anti-hypertensive agents (eg ACE-inhibitors in pregnancy), result in a variation in the preference order between the classes of antihypertensive agent (eg doxazosin for prostatism), or result in an alternative agent within a particular group of drugs being preferable (eg frusemide rather than indapamide in heart failure).

Protocol for Blood Pressure management in people with Diabetes

                            Follow green arrow if ‘YES’

                            Follow red arrow if ‘NO’

                            Always follow black arrow

A.
Screening before decision to start treatment:















B. 
Management after starting Ramipril:

Encourage Home Blood Pressure monitoring using a BHS validated device

Recommend A&D UA767














OR












What effect do the quality indicators of the new General Medical Services contract (46) have on the management of hypertension in people with diabetes mellitus?

Indicator DM 11:
The percentage of patients with diabetes who have a record of the blood pressure in the past 15 months.

3 Points. Maximum threshold 90%.

Since the method of taking the blood pressure is not specified, this indicator does not pose any problems for the protocol.

Currently our audit programme is set to record whether or not the blood pressure has been measured in the past 14 months – this can easily be changed to 15 months

Using the 14 months time criterion we are achieving 97%, so we should have no difficulty achieving the target.

With the new protocol it will be important to document average home blood pressure measurements.

Indicator DM 12:

The percentage of patients with diabetes in whom the last blood pressure is 145/85 or less.

17 Points. Maximum threshold 55%

The supporting evidence document states that the last blood pressure should have been recorded within 15 months.

This does create some problems due to its specification that the most recent blood pressure should be used. Essentially the incentive here is to ensure that once a reading has been found to be below the target level we should avoid recording blood pressures above that level for 12 months or so. 

There are at least another two perverse incentives here:

The first is to take blood pressures in the routine fashion but only record those that fall below the target level.

The second is to take multiple readings at short time intervals until a record is found below the target and then to stop taking blood pressures for the next year or so.

Home blood pressures and ambulatory blood pressures are usually judged on the average of a series of readings. I would think it unlikely that the letter of this indicator will be adhered to so that only the last reading of the series counts. However, the implication is that if a normal ambulatory reading is followed by a high clinic reading, it will be the clinic reading that counts, despite clear evidence that it is much less reliable an indicator of the person’s true blood pressure.

The 2002 audit gave an achievement rate of 33% for this target.

Indicator BP4:

The percentage of patients with hypertension in which there is a record of the blood pressure in the past 9 months.

20 points. Maximum threshold 90%.

Achieving this target for the people with diabetes as well as hypertension will require a modification in BP recording practice. It is likely that this target will be assessed using the practice Visions system, rather than on a separate stand-alone system.

Entering all blood pressure measurements into the practice Visions system will meet the requirements of this indicator.

Indicator BP5:

The percentage of patients with hypertension in whom the last blood pressure (measured in the last 9 months) is 150/90 or less.

Points 56. Maximum threshold 70%.

This indicator is awarded the highest number of points of all the quality indicators and so is worth striving to achieve.

It differs from the similar diabetes indicator in that the specified measurement must not only be the most recent but also that it should have been recorded in the last 9 months.

Clearly this raises similar concerns to those raised by DM12.

Phase 1

To consider alternatives to ‘most recent clinic blood pressure’ as the most appropriate tool for monitoring blood pressure in people with diabetes.

a) Most recent clinic blood pressure (MRCBP)

One year after deciding upon the original reasons for conducting this study, it can be demonstrated that:

· The percentage of people with diabetes on treatment for hypertension has continued to rise.

· This has not resulted in any improvement of the percentage of people whose blood pressure is well-controlled, when using MRCBP as the standard.

· There has been a decline in overall average MRCBP

Percentage of diabetics on treatment for hypertension

	1999
	2000
	2001
	2002
	2003

	50%
	56%
	60%
	64%
	75%


Percentage of all diabetics with blood pressure below target level for both systolic and diastolic pressures

	
	1999
	2000
	2001
	2002
	2003

	Target level 145/85
	33%
	27%
	34%
	33%
	29%

	Target level 160/90
	63%
	59%
	66%
	64%
	55%


Average MRCBP

	
	2000
	2001
	2002
	2003

	Systolic
	148
	148
	149
	151

	Diastolic
	81
	80
	81
	85


b) Ambulatory or Lowest clinic blood pressure

For the year to June 2003 I can now present the same information using the average daytime ambulatory blood pressure (recorded within the previous 2 years) for 59 people or, where there is no ambulatory record, the lowest recorded clinic blood pressure (recorded within the previous 12 months) for the remaining 401 people with diabetes. (Total diabetic population 460 at 1/6/03).

Percentage of all diabetics with blood pressure below target level for both systolic and diastolic pressures

	
	2003

	Target level 145/85
	53%

	Target level 160/90
	79%


Average ambulatory/lowest clinic blood pressure

	
	2003

	Systolic
	140

	Diastolic
	80


Clearly these figures are better than those provided using MRCBP. 

As this is the first year in which information has been obtained in this way, I cannot say that they demonstrate improved blood pressure control, or that ‘ambulatory BP/lowest clinic BP’ is a better measure than MRCBP. 

This will have to remain work in progress.

c) Ambulatory Blood Pressure (ABP)

Since the protocol developed in Phase 4 of this project places heavy reliance on ambulatory blood pressures, it is worth taking a more detailed look at the 59 people with diabetes for whom we have an ABP record within the past 2 years.

Table 3 shows for each of these 59 people their MRCBP, their average daytime ABP and the difference between these figures.

Average MRCBP and the average daytime ABP for 59 people.

	MRCBP
	ABP
	Difference

	165
	137
	28

	88
	73
	15


Percentage of MRCBP’s and daytime average ABP’s which are normal.

	% of BPs Normal
	MRCBP
	ABP

	using 135/80 as target
	3%
	34%

	using 145/85 as target
	7%
	69%

	using 160/90 as target
	37%
	93%


Graphs 9 and 10 rank the ABP (systolic and diastolic respectively) and then plot the MRCBP paired with each ABP. There seems to be no correlation whatsoever between the two figures for either systolic or diastolic pressures. This confirms that Clinic BP’s do not predict Ambulatory BP’s (and vice versa) and clearly demonstrates that at least one of these two measures is useless for monitoring BP.

The following points should be noted:

· The average MRCBP for these 59 people (165/88) is significantly higher than that for all 460 people with diabetes (151/85). As expected at this stage, this shows that people selected to have ABP monitoring have been those with worse MRCBP’s. 

· Only 7% of the 59 people with ABP records have a normal MRCBP at the <145/85 target level, compared with 25% of the whole diabetic population of the practice. Yet 69% of this subgroup has normal ABP at this target level, and 34% has normal ABP at the more stringent <135/80 target level.

· The average difference in systolic pressure between MRCBP and daytime average ABP for these 59 people (28 mmHg) is similar to that demonstrated in the 14 ABP records in phase 2 of this study (27 mmHg). The average difference in diastolic pressure is however greater for the 59 records under consideration here (15 mm Hg vs 8 mmHg).

· The Ambulatory records will nearly all have been done before the MRCBP shown in table 3. Some people will have had an increase in their medication following the ABP result. 

During the course of this study I have shown, for the diabetic population of our practice at least, that a high ‘most recent clinic blood pressure’ is almost worthless as a measure for monitoring blood pressure control. 

I have also demonstrated that ‘average clinic blood pressure’ is of no value in monitoring the blood pressure of individuals or the performance of the practice as a whole in the management of hypertension in people with diabetes. 

I have shown that there is no correlation whatsoever between ‘most recent clinic blood pressure’ and ‘daytime average ambulatory blood pressure’. 

I have shown that daytime average ambulatory blood pressure values are clearly better than most recent clinic blood pressure values. 

I have provided some research evidence that ambulatory blood pressures are a better predictor of outcome than clinic blood pressures. 

I now need to show that ambulatory blood pressure (combined with home blood pressure monitoring) is a better method of monitoring improvements in blood pressure control within our practice. 

For this I will need to use series of ambulatory measurements following changes in treatment. 

This is work in progress.

If these findings are universally applicable the implications for the way we practice medicine are enormous!
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Clinic Blood Pressure
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Daytime average >135/80
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Accept ABP measure for 3 years, then repeat.


Use clinic pressures only to detect alarming rises compared with previous clinic BP
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