MANAGING THE DIABETIC SYNDROME

Tight blood glucose control: Is it worth it?

BYRON J. HOOGWERF, MD

m Several investigations have assessed the relationship between glycemic control and complications in
diabetes mellitus. Key evidence is reviewed that supports the beneficial effects of “tight” blood glucose
control. Pertinent animal data show that good blood glucose control is associated with less retinopathy
and nephropathy and fewer congenital anomalies in offspring. Short-term studies in humans show similar
trends in microvascular complications and pregnancy. Similarly, peripheral neuropathy may be lessened
with lower blood glucose. Although no studies have demonstrated a reduction in atherosclerotic disease
with improved glycemic control, dyslipidosis frequently improves, which should reduce the risk for coro-

nary heart and peripheral vascular disease.
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[IABETES MELLITUS is estimated to cost

this country more than $20 billion per year in

health dollars and lost income. The disease

affects more than 5% of the population, all of
whom face the risk of devastating complications. Effec-
tive management of diabetes presents a challenge to
clinicians in terms of patient education and compliance
that is unparalleled by other disorders.'*

Superimposed on the practical difficulties of manage-
ment is the unresolved issue of whether aggressive at-
tempts to control blood glucose will have an impact on
the development of complications. Achieving tight
blood glucose control is labor-intensive and costly, re-
quiring much time from physicians, nutritionists, and
nurse-educators. Patients must invest time in learning to
manage their diabetes and in monitoring their glucose
levels several times a day. Frequent visits to health care
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professionals, laboratory follow-up, and buying and
using monitoring equipment contribute to the high cost.
Hence, the dilemma for both physician and patient: Are
the time, effort, and expense of achieving tight control
of blood glucose justified by a reduction in the risk of
long-term complications?

Among the complications of diabetes, retinopathy is
the leading cause of blindness in young people and the
second leading cause overall. Diabetic nephropathy is a
substantial contributor to the total number of patients
who require dialysis or transplantation. Diabetes is the
leading cause, other than trauma, of lower extremity
amputations necessitated largely by neuropathy-related
injuries and ischemic lesions. Finally, diabetes more
than doubles the risk for atherosclerotic cardiovascular
disease and is associated with increased mortality in per-
sons who have myocardial infarctions.

The outcome of prospective studies, including the
Diabetes Control and Complications Trial, will help to
resolve issues about the impact of glycemic control on
the risk for complications. Extensive reviews published
in the past several years’™ also help to clarify these is-
sues. This article presents pertinent evidence that tight
blood glucose control is beneficial.
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ANIMAL STUDIES

The best animal studies have looked at the effect of
controlling hyperglycemia on the progression of micro-
vascular complications of diabetes as well as the effect of
hyperglycemia on the developing fetus in the diabetic
animal. Engerman and colleagues provided the most
dramatic evidence that rigorous glycemic control in dia-
betic dogs reduces the risk for microaneurysms.”® They
studied 20 diabetic and 10 nondiabetic animals during 5
years in which tight glycemic control was maintained in
half of the diabetic animals. At the end of 5 years, the
animals’ eyes were enucleated and studied for diabetes-
related retinal changes. There were clearly fewer dia-
betes-related changes in the 10 animals with better gly-
cemic control.

One limitation of such studies is that proliferative ret-
inopathy does not develop in animals, so there is no
model for the more advanced stages of diabetic reti-
nopathy.

The landmark studies of Mauer and associates on his-
tologic changes of diabetic nephropathy in rats provided
some of the earliest evidence of the benefits of good
blood glucose control.!"'? Mesangial matrix thickening,
one of the most sensitive measurements of diabetes in
the rat kidney, was reduced by improving blood glucose
control with islet cell transplants. Mauer’s data were
subsequently confirmed by Orloff and co-workers.?*

In addition to the microvascular complications of dia-
betes, animal studies have also looked at the effects of
hyperglycemia on the developing fetus in diabetic ani-
mals." These studies showed an increased incidence of
congenital anomalies most likely attributable to the hy-
perglycemia rather than some other metabolic defect.
Improved glycemic control reduced the risk of those
anomalies,' which in the animals were similar to those
in children of diabetic mothers.

HUMAN STUDIES

The largest body of clinical data analyzed is that of
Pirart,'” who reported on his own clinical experience
with more than 4,000 diabetic patients followed over
more than two decades. Based on serial urine and blood
glucose determinations in his clinic, he divided his
patients into two groups: those with better and those
with poorer blood glucose control. He considered all the
major complications of diabetes and adjusted their prev-
alence for known duration of disease.

In Pirart’s study, microvascular complications, neu-
ropathy, and atherosclerotic disease were more frequent
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and more severe with longer-standing diabetes and with
poorer blood glucose control. Although his data have
been criticized for not being “randomized,” his conclu-
sions lend strong support to an association between poor
glycemic control and increased risk of complications.

Retinopathy

The prospective study by Job and colleagues' is one
of the earliest to associate reduced microaneurysms with
presumed improvement in blood glucose control in
patients receiving multiple insulin injections. Although
this study’s methodology has been criticized, a number of
other prospective studies have supported the conclu-
sions. Most of these studies achieved tight control in
type I diabetic patients with multiple insulin injections
or chronic subcutaneous insulin administration (insulin
pumps). The data of Rosenstock and associates® confirm
the relationship between less retinal change and tighter
blood glucose control. These patients were self-selected
and not randomized, but short-term randomized studies
have also supported this concept.?*>2

Rapid improvement of blood glucose is associated
with short-term worsening of diabetic retinopathy im-
mediately after intensive control is begun.” The mecha-
nism for this phenomenon is not understood, but the ef-
fects do not seem to be long lasting.

The report by Ramsay and colleagues® on pancreas
transplant recipients suggests an improved outcome in
the eyes in these patients, most of whom had other mi-
crovascular complications, including end-stage renal
disease. Studies of pancreas transplantation have great
appeal because, with functioning pancreatic grafts, there
is much more consistent near-normalization of blood
glucose than with most other insulin-intensification reg-
imens,?>?

Finally, the carefully obtained data from the Wiscon-
sin-based retinopathy study show that the rate of pro-
gression of diabetic retinopathy over a 4-year follow-up
is related to glycated hemoglobin values, no matter how
long the patient has had diabetes.?”

Nephropathy

Several observations provide evidence that good
blood glucose control reduces the risk of diabetic ne-
phropathy. First, in prospective randomized studies,
patients who have achieved good blood glucose control
show reduced albumin excretion, which is an early
marker of diabetic nephropathy, and lower creatinine
levels.1*222,

Increased glomerular filtration rate (GFR), which
translates to increased “intra-renal pressure” may be a
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mechanism for nephropathy that is also related to hy-
perglycemia.’® It is well known that, from the onset of
diabetes, patients with poorly controlled blood glucose
have elevated GFRs which improved blood glucose con-
trol can reduce to a normal range. The consequence of
elevated GFR may be kidney damage comparable to that
seen in the remnant kidney models described by Hostet-
ter and colleagues.”

Abouna and colleagues™ anecdote of transplanting
two kidneys with established diabetic nephropathy into
normoglycemic recipients and subsequent biopsy de-
monstration of improvement provides limited but tanta-
lizing evidence of the effects of normoglycemia on the
kidney.

Finally, biopsy data obtained from pancreas trans-
plant recipients also indicate that this level of glycemic
control may improve the histologic changes associated
with diabetes.*"*

Neuropathy

Studies of diabetic neuropathy are much more limited
than those of retinopathy or nephropathy; however, it
can be observed clinically that improved glycemic con-
trol reduces the pain of neuropathy. One of the com-
monly accepted mechanisms for diabetic neuropathy is
that of nerve damage from sorbitol accumulation in the
nerve.” The conversion of glucose to sorbitol via aldose
reductase is directly related to the substrate (glucose)
concentration. By inference, lower glucose would re-
duce sorbitol accumulation with benefits similar to
those seen with aldose reductase inhibitors.?**

Studies that have looked at the effects of blood glu-
cose control, through either insulin injections® or pan-
creas transplantation,”” show beneficial effects on nerve
function.

Macrovascular disease

There are no good studies showing that improved gly-
cemic control reduces the risk of macrovascular disease.
The University Group Diabetes Program (UGDP) was a
prospective study designed to answer this question.’®
The UGDP originally had five patient groups with type
I1 diabetes mellitus and was intended to compare varia-
ble-dose insulin, fixed-dose insulin, tolbutamide, a
tolbutamide placebo, and phenformin (the variable-
dose insulin regimen was designed to achieve lower sug-
ars than the fixed-dose regimen). Because of an apparent
increased number of cardiac events in the tolbutamide
group, this arm of the study was discontinued. It was not
resolved whether the cardiac events were related to the
drug therapy or to an increase in other risk factors for

392 CLEVELAND CLINIC JOURNAL OF MEDICINE

coronary heart disease.®® The insulin-treated groups
showed no difference in cardiovascular risk as a function
of glycemic control®; however, the numbers of patients
were likely too small to demonstrate a difference, given
the duration of the trial. ,

Still, evidence is accumulating that lipid profiles be-
came less atherogenic with improved blood glucose con-
trol. With better control, there is a reduction in triglyc-
erides, frequently an elevation in HDL cholesterol, and,
in many cases, a reduction in LDL cholesterol. Because
evidence is clear that these changes reduce the risk of
coronary heart disease, we can infer that improved blood
glucose control also offers this benefit.

Pregnancy

The data are now compelling that good blood glucose
control improves the outcome of pregnancies of diabetic
mothers. A pregnant woman with diabetes faces two
major risks: increased likelihood of congenital anoma-
lies and increased risk of spontaneous abortion or peri-
natal mortality. These problems occur more frequently
as glycated hemoglobin levels increase.** A direct corre-
lation has been shown between the incidence of con-
genital anomalies and the level of glycated hemoglobin
at the time the pregnancy is confirmed*; when glycated
hemoglobin levels are normal at the time of conception,
the risk of congenital anomalies is essentially the same
as for nondiabetic mothers.

Because hyperglycemia has major adverse effects on
the fetus early in the pregnancy, it is imperative to make
every effort to normalize blood glucose before concep-
tion.® This is a critical consideration for all diabetic
women who anticipate future pregnancy. Once good
blood glucose levels are achieved, they can be main-
tained throughout the pregnancy with reasonable effort.
It is common clinical experience for pregnant women to
become highly motivated—at least for the duration of
the pregnancy—to achieve normal or near-normal
blood glucose levels. Good control, which is associated
with less risk of ketosis, also reduces the risk of spon-
taneous abortions.*4

ACHIEVING GOOD GLUCOSE CONTROL

Achieving good blood glucose control depends on
the methods of control and monitoring. The body of in-
formation and recommendations about methods of con-
trol is growing rapidly. The accumulating information
about the proper dietary composition for patients with
diabetes is increasingly specific and practical. The bene-
fits of exercise, both in facilitating weight loss and im-
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Risk of Complications

“,
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i
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Blood Glucose

FIGURE 1. Possible relationships between blood glucose level
and the risk of complications. Line A represents a linear
relationship. Line B represents a relationship in which marked
hyperglycemia is necessary for complications to develop. In the
relationship represented by line C, slight elevations in blood
glucose markedly increase the risk of complications; in this
setting, the level of control typically viewed as acceptable would
be inadequate.

proving blood glucose control, have been studied exten-
sively. In addition, pharmacotherapy—particularly in-
sulin—is better, with improved purity and the availabil-
ity of human insulins and insulin pumps. We also have a
better understanding of how to mix insulins in an effort
to mimic pancreatic secretion of insulin.

Monitoring methods also have improved in recent
years. Two important advances have been the ability to
determine glycated hemoglobin levels, which reflect
mean blood glucose levels over a period of about 2
months, and capillary-based blood glucose (fingerstick)
determinations that the patient can self-administer.
Self-monitoring of blood glucose has become progres-
sively less expensive and remarkably accurate, consider-
ing the size and cost of the devices. This new technology
allows patients to adjust their own medication, and it
seems to improve compliance with diet and exercise reg-
imens.

UNRESOLVED ISSUES

Although the weight of evidence from animal and
human studies supports the concept of improved gly-
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cemic control, a number of issues remain unresolved.
For example, the relationship between glycemic control
and the risk of complications is unclear. If the relation-
ship is linear, as suggested by studies of congenital
anomalies, then any improvement in blood glucose
control will achieve some reduction in the risk of com-
plications of diabetes (Figure 1). If relatively high levels
of blood glucose are necessary for complications to ac-
celerate, then it should be satisfactory to maintain the
mean blood glucose level below this high level. On the
other hand, if the risk of complications accelerates with
only small increases in blood glucose, then our current
efforts are likely to be ineffective since it is difficult, at
best, to achieve normoglycemia in most patients with
diabetes. Until we have answers to these questions, it is
prudent to assume a linear relationship and strive to
achieve blood glucose levels as close to normal as
possible.

Also to be resolved is whether the potential adverse
effects of attempting rigorous glycemic control may
counterbalance the benefits. It is well known that, in
type I diabetic patients, consistent efforts to lower blood
glucose increase both the frequency and severity of hy-
poglycemic episodes and, thus, the number of major in-
sulin reactions. Whether there are long-term sequelae of
such hypoglycemic episodes is as yet unknown. It does
not appear, however, that short-term hypoglycemia has
any major neurologic sequelae.

It is also unclear whether improved blood glucose
control has the same benefit at all stages of development
of complications. The data from Orloff and colleagues”
suggest that, in animals, improved control may have
beneficial effects at all stages of development of diabetic
nephropathy. Nevertheless, it is not clear that patients
with end-stage renal disease, proliferative retinopathy,
or profound neuropathy will achieve the same benefit,
especially in the short term, as those with less well-es-
tablished complications.

The observation that some long-lived proteins may
be glycated suggests that some complications may not
be as readily reversible in the face of long-term hyper-
glycemia. These advanced glycation products are
potential culprits in a number of complications of dia-
betes.* However, the contribution of such glycation to
complications and their reversibility are not clearly un-
derstood.*’*® The Diabetes Control and Complications
Trial is designed to address this question by studying
subjects who lack clinical evidence of microangiopathy
and subjects with early diabetic microangiopathic
changes.”®

Some patients (and some physicians) remain skepti-
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cal about the potential benefits of rigorous blood glu-
cose control, and prospective studies are underway to
address some of these issues.>® Meanwhile, it seems pru-
dent to base our practice on the weight of current evi-
dence, which clearly supports the benefits of improved
blood glucose control. No study has ever demonstrated
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that hyperglycemia of any degree benefits the animal or
human who has it!
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