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Glycaemic control and macrovascular
complications of type 2 diabetes

Several large prospectivetrialshave shownthat animprovement in glycaemic control
resultsinasignificant reductioninthemicrovascul ar complicationsof bothtypeland
type 2 diabetes, and such complicationsarethus established asbeing the consequence
of hyperglycaemia.>?Whilethese complications constitute the most important causes
of blindness, end-stage renal failure and peripheral neuropathy, the most important
cause of mortality in diabetes is macrovascular disease, which leads to a marked
increase in cardiovascular events.® Approximately 70% of patients with diabetes are
likely to dieof acardiovascular event, compared with 45% of those without diabetes.
Clearly, therefore, macrovascul ar disease or atherosclerosisisanimportant challenge
in this context, more so since the incidence and prevalence of type 2 diabetes are
increasing relentlessly.

In any condition associated with diabetes, one hasto consider the possibility that
hyperglycaemia may play arole. Do atherosclerosis and its complications increase
with increasing levels of glycaemia and isthe control or reversal of hyperglycaemia
associated with areduction in atherosclerosis and cardiovascular events? These are
important questionsto which answersare necessary in order to appropriately manage
and prevent cardiovascular events, and to reduce cardiovascular morbidity and
mortality.

Thedatafrom the UK Prospective Diabetes Study (UKPDS) show that increasing
glycaemiaisassociated with asignificant increasein theincidence of cardiovascular
events, and that this trend starts at relatively low HbA1c levels.! In this study, the
lowering of HbA 1c by 0.9% did not result in asignificant reduction in macrovascul ar
events in the intensively treated group, but there was a statistical trend towards a
reduction during the study period. However, afurther follow up of these patients has
now been shown to be associated with asignificant reductionin cardiovascul ar events
in spite of the convergence of HbA 1c valuesin the control and theintensively treated
groups.*

The recent results from the UKPDS are reminiscent of those from the Diabetes
Control and Complications Trial/Epidemiology of Diabetes Interventions and
Complications (DCCT—EDIC) study, which covered people with type 1 diabetes.®
The DCCT study was published in 1993; after a follow up of nearly a decade, the
results showed that among theintensively treated patients, whose HbA 1c valuesfell
by 2% in comparison with the control group of patients, therewasamarked reduction
(60%) in the incidence of micro-angiopathic complications of diabetes.? Somewhat
similar tothe UKPDS, therewasatrend towardsareductionin cardiovascul ar events,
but thiswas not statistically significant. However, after adecade’s further follow up,
it wasfound that there was areduction not only in the progression of carotid intimal—
medial thickness, but also in cardiovascular events.>® Interestingly, the HbA1c levels
were similar in both arms of the study during the follow up period and yet, asin the
UKPDS, therewas areduction in macrovascular eventsin the previously intensively
treated group. Clearly, therefore, glycaemic control has an effect, which takesalong
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period to manifest itself. Furthermore, this effect outlasts the actual period of good
glycaemic control.

While these two studies provide consistent observationsin relation to glycaemic
control and appear to clarify the question posed at the beginning of thisarticle, three
other recently reported studies have given rise to confusion again. The Action to
Control Cardiovascular Risk in Diabetes (ACCORD) study aimed to answer whether
a reduction of HbA1c to 6% or less in those with type 2 diabetes and established
cardiovascular risk would reduce cardiovascular events.” Patients started with a
median HbA 1c of 8.1% and the median HbA1c in the intensively treated patients
was6.4%. Althoughtherateof non-fatal acutemyocardial infarctionwassignificantly
reduced (by 24%), total mortality and cardiovascul ar mortality increased significantly
in the intensively treated group and the glycaemic arm of the trial was stopped
prematurely. Since the rapid and profound reductions in the HbA1c values in these
patients were achieved primarily through intensive insulin therapy, the rate of
hypoglycaemiawas markedly increased. In view of the association between cardiac
dysrrhythmias and hypoglycaemia, it is possible that the increased mortality may
have been related to the use of rapid and progressive intensive insulin therapy in the
absence of an adequate tradition/culture/learning of aggressive insulin therapy
previously. However, it should be noted that hypoglycaemia, weight gain or the use
of any specific agent for the management of diabetesin the intensive group was not
found to be responsible for the increase in mortality by the investigators.

The second report to appear recently is the Action in Diabetes and Vascular
Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE) study,
which investigated the effect of lowering HbA 1c to <6.5% from a median of 7.2%
on the combined end-point of microvascular and cardiovascular events.® At the end
of the study, theintensively treated group achieved a median HbA 1c of 6.3%, while
the group given standard therapy achieved a median HbA1c of 7%. There was a
significant improvement in the combined primary end-point, but this was largely
attributabletoareductioninrenal events, namely, both micro- and macro-albuminuria,
rather than that in macrovascular events. Gliclazide was the major agent used to
improveglycaemiaand theoccurrence of hypoglycaemiawasnot amajor issue. Thus,
the study confirmed that intensive glycaemic control reduces micro-angiopathic
complications, but did not provide evidence of any benefit or harm in terms of
macrovascular disease.

The third recent report, presented at the meeting of the American Diabetes
Associationin 2008, was on the VeteransAffairs Diabetes Trial (VADT).® Thisstudy
aimed to investigate the effect of intensive glycaemic control (reducing the HbA1lc
value to <6%, compared with a target of 8%-9% for those given conventional
therapy) on cardiovascul ar events. Intheintensively treated group, the HbA 1c values
were reduced from 9.4% to 6.9%, while in the group receiving conventional therapy,
the value achieved was 8.4%. The mgjority of the patientsin the intensively treated
group were on insulin and oral agents. There was a trend towards a reduction in
cardiovascular events, but this was not statistically significant. However, this study
brought out someimportant points, whichareval uableintermsof clinical management
and the planning of futuretrials. First, future trials will have to involve much larger
cohorts of patients and be of longer duration. Second, aggressive control of diabetes
appeared to be of greater benefit to younger patients who have had diabetes for a
shorter duration of time and who do not have established cardiovascular disease.
Third, in patients who had severe hypoglycaemic episodes, there was a marked
increase in mortality, often within 3 months of the hypoglycaemic episode.

While some confusion has arisen about the glycaemic targets that should be
achieved in people with diabetes, the Steno study, which instituted intensive control
of glucose (HbA 1c <6.5%), lipids(cholesterol <175 mg/dl, triglycerides<150 mg/dl)
and blood pressure (systolic <130 mmHg, diastolic <80 mmHg) in people with type
2 diabetes at high risk of cardiovascular disease, clearly showed that multifactorial
intervention leads to a significant reduction (of 46%) in total mortality, a reduction
of 57% in cardiovascular mortality and a reduction of 59% in cardiovascular
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events.’®! The results of the Steno study have been confirmed by our own clinical
experience of multifactorial intervention in people with type 2 diabetes at our centre
over the past 11 years (unpublished observation). With the achievement of a mean
HbA 1c of 6.8%, low-density lipoprotein (LDL) cholesterol of 75 mg/dl, high-density
lipoprotein (HDL) cholesterol of 38 mg/dl in men and 45 mg/dl in women, systolic
blood pressure (BP) of 125 mmHg and diastolic BP of 78 mmHg, we have been able
tototally eliminatefoot ul cers, gangreneand amputationsfor 11 years. Therehasbeen
asignificant reductionin micro-albuminuriaand no end-stagerenal failure, dialysisor
transplantation in this population for 7 years. Patients with proliferative retinopathy
havebeen abletostop further laser treatment within2 yearsof attending our clinic. The
glycaemic goals have been achieved with the use of insulin in 65% of the patients,
while 85% are on statins and aspirin, and 90% are taking angiotensin-converting
enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBS).

What do we conclude from the above apparently conflicting data? The UKPDS
and DCCT—EDIC studies have generated clear data showing the benefit of improved
glycaemic control on cardiovascular eventsand atherosclerosis. TheACCORD study
showsthat acute myocardial infarction isreduced by intensive glycaemic control but
somehow, mortality increases among patients who have high cardiovascular risk and
aretreated intensively. The VADT shows that intensive glycaemic control induces a
trend towards reduced cardiovascular events, which may have become significant if
thetrial had lasted for alonger period. Boththe ACCORD study and VADT show that
younger patientswho have had diabetesfor ashorter duration of time and who do not
have established cardiovascular disease are more likely to benefit from intensive
treatment than areothers. Finally, theVADT demonstratesthat severe hypoglycaemia
isamajor determinant of mortality. Both mild and severe hypoglycaemic episodes
occurred with greater frequency in the ACCORD study and the VADT.

Whileweawait further datafrom the continuation of these studiesand new studies
get ingtituted, the lessons for a clinician are: improved glycaemic control improves
macrovascular disease and reduces cardiovascul ar events, evenif it takesalongtime;
and the outcomes are likely to be better if we achieve glycaemic control in patients
early in the course of their disease and who do not have established cardiovascular
disease. Furthermore, wemust notignorethefact that aggressivecontrol of hypertension
and hyperlipidaemia with ACE inhibitors, ARBs, thiazides and statins is likely to
deliver clinical benefitsin conjunction with glycaemic control inthevery short term,
as has been demonstrated by several studies over the past decade and a half.
Therefore, weneedto becommitted and aggressive, andto curb not just hyperglycaemia
but every possiblerisk factor in peoplewith diabetesright from thetime of diagnosis.
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