OBSERVATIONS

Lack of Effect on LDL
Oxidation and
Antioxidant Status
After Improvement
of Metabolic Control
in Type 2 Diabetes

ype 2 diabetes is associated with
Tincreased oxidative stress, which

may contribute to microvascular and
macrovascular complications (1). One of
the consequences of increased oxidative
stress may be increased lipid peroxida-
tion. Improvement of metabolic control
has a favorable effect on microvascular
and possibly also on macrovascular com-
plications (2). Whether reduction of lipid
peroxidation plays a role in this respect is
not known.

We investigated whether improvement
of metabolic control by insulin therapy had
a favorable effect on lipid peroxidation.

In this study, 21 patients with type 2
diabetes and insufficient metabolic con-
trol despite near-maximal doses of oral
blood glucose-lowering agents partici-
pated (age 58 + 12 years, diabetes dura-
tion 10 years [range 1-38], BMI 29.2 =
7.1 kg/m?, HbA,. 10.6 + 1.1%). Four of
them smoked (10-40 cigarettes/day) and
seven of them had clinically evident
macrovascular disease. During the study,
all patients maintained their diets accord-
ing to international nutritional guide-
lines. Insulin treatment consisted of
twice-daily injections of a mixture of
short- and intermediate-acting insulin.
The goal of therapy was to achieve fasting
and postprandial blood glucose levels <7
and 10 mmol/l, respectively, and HbA,.
<8%. Checkups after 2 weeks and
monthly thereafter consisted of taking
measurements of body weight and
HbA).. Insulin doses were adjusted
weekly on the basis of self-monitoring of
blood glucose levels.

Lipid peroxidation was assessed by
1) thiobarbituric acid reactive substances
(TBARS) (3), 2) production of conjugated
dienes after copper-induced LDL oxida-
tion in vitro (4), and 3) levels of IgG and
IgM autoantibodies to oxidized LDL by
enzyme-linked immunosorbent assay
(5). Vitamin E was determined with high-

performance liquid chromatography. A
detailed description of the complete
methodology was published previously
(6). Differences between groups were
analyzed with Student’s ¢ test for paired
samples. When variables were not nor-
mally distributed, Wilcoxon’s signed-
rank test was used.

After 3—4 months of insulin therapy,
HbA,;. decreased to 7.9 =+ 0.6% P <
0.005). The daily insulin dose was 61 U
(16-100), and the mean weight gain was
5.4 kg. Total cholesterol, LDL cholesterol,
and HDL cholesterol did not change
(6.0 = 1.1, 3.7 = 09, and 1.0 =
0.3 mmol/l, respectively), neither did
apolipoprotein B (apoB) and the LDL
cholesterol/apoB ratio, the latter as a
rough index of LDL size. Apolipoprotein
Al (apoAl) levels increased from 1.45 +
0.28 to 1.63 = 0.36 g/, and triglycerides
decreased from 2.44 (range 0.95-7.09) to
1.74 (0.87-5.67) mmol/l. Fasting insulin
levels increased from 7.6 (2.0-35.5) to
12.4 (5.10-58.7) mU/l (P = 0.07). No
decrease in TBARS was found (1.83 =
0.79 vs. 1.50 £ 0.39 umol/), even when
we excluded the three patients with
triglycerides >4.5 mmol/l. Lag phase, as
an index of the susceptibility of LDL to
copper-induced oxidation, also remained
unchanged (59 = 6, resp. 62 = 10 min),
whereas the conjugated dienes produc-
tion rate decreased from 17.8 + 2.6 to
16.1 + 3.0 nmol - I-! - min-!, P < 0.005).
Levels of autoantibodies to oxidized LDL
did not change. Vitamin E levels, cor-
rected for LDL cholesterol, remained
unchanged.

Some, but not all, studies show evi-
dence of increased LDL oxidation in type 2
diabetes (6,7). Increased LDL glycation
and formation of advanced glycated end
products may increase the susceptibility
of LDL to oxidation. Hyperglycemia itself
can stimulate free-radical production, and
small dense LDL, more prevalent in type 2
diabetes, is prone to oxidation (7). Several
factors contribute to LDL peroxidation,
and this may explain why we, in contrast
to our hypothesis, did not find convinc-
ing evidence of reduced LDL peroxida-
tion. The achieved metabolic control may
be of influence: one study found a reduc-
tion in lipid peroxidation only when
HbA,. dropped to <7% (8). In our
patients who achieved an HbA, <7.5%,
no change was found. Even when HbA,,
should have been <7%, the expected
effect is small and therefore probably not

clinically relevant. Seven patients had
macrovascular disease, but there is no
consensus in the literature on whether
lipid peroxidation in these cases is
increased; in a previous study, we did not
find evidence for this (6). Maybe a favor-
able effect on LDL peroxidation is coun-
teracted by factors that were also changed
during the treatment period and that
stimulate LDL oxidation; for insulin, in
vitro pro-oxidant properties have been
shown (9). Obesity is associated with
increased LDL peroxidation (10), so
weight gain may have influenced the
results, although we think this effect is
small. A change in antioxidant status
seems unlikely; vitamin E levels remained
unchanged and patients did not change
their dietary habits during the study. Sul-
fonylureas may have an antioxidant effect,
but this has been shown only for gli-
clazide in vitro (11). In our study, only
four patients used gliclazide. Lipid perox-
idation was tested 2 weeks after the oral
agents were stopped, and no change in
lipid peroxidation was observed. This
makes it unlikely that cessation of these
agents should have influenced the results.
It is uncertain whether the decrease in the
production rate of conjugated dienes that
we found is important. Susceptibility of
LDL to oxidation is explained mainly by
the lag phase. However, the speed at
which lipid peroxidation products are
formed may be also of importance for its
damaging effect. It is assumed that lipid
peroxidation takes place mainly in the
vessel wall, and, therefore, the question
remains whether serum parameters and in
vitro parameters are representative.
Recently, in agreement with our earlier
results, no association could be found
between the prevalence of coronary heart
disease and LDL susceptibility to oxida-
tion in type 2 diabetic patients (12).

In conclusion, we found no convinc-
ing evidence of reduced LDL oxidation
after improvement of metabolic control in
type 2 diabetes. The importance of the
reduced conjugated dienes production
rate remains to be investigated further.
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Meal-Generated
Oxidative Siress in
Diabetes

The protective effect of red wine

everal epidemiological studies sug-

gest that coronary heart disease

mortality is lowered by moderate
consumption of red wine (1,2). The car-
diovascular benefits of moderate wine
consumption have been thought to stem,
atleast partly, from antioxidant activities of
red wine (3).

Recently, a preliminary report sug-
gested the possibility that red wine, a
polyphenol-rich beverage, increases the
antioxidant power of plasma in humans
(3). Since then, several authors have
published results fully confirming that
the consumption of moderate amounts
of red wine elicits a prompt, though tem-
porary, rise of plasma antioxidative
defenses (4,5).

Consequently, it has been suggested
that this property may provide a clue to
the role of certain wines in the so-called
“French paradox,” according to which the
consumption of moderate amounts of red
wine by the French appears to afford some
protection against cardiovascular disease,
despite their consumption of a diet rich in
saturated fat (2). Diabetes is characterized
by a high incidence of cardiovascular dis-
ease (6), and oxidative stress has been rec-
ognized as a major pathophysiological link
between cardiovascular disease and dia-
betes (7). In diabetic patients, the con-
sumption of meals is accompanied by a
significant decrease of antioxidant
defenses due to the generation of oxidative
stress (8). This observation is consistent
with the recent report by Staprans et al. (9)
showing increased postprandial oxidized
lipid levels in poorly controlled diabetic
patients. Therefore, meal consumption
seems to play a crucial role in the genera-
tion of oxidative stress in diabetes.

Because red wine ingestion has been
demonstrated to be accompanied by a

significant increase of plasma antioxidant
power (6,7), the aim of this study was to
explore the possibility that red wine con-
sumption may reduce oxidative stress pro-
duced in diabetic patients during meals.

Informed consent to participate in
the present study was obtained from 10
male type 2 diabetic patients (age 55.1 =
1.5 years, mean + SEM, duration of dia-
betes 9.0 + 1.2 years, BMI 25.6 =
1.1 kg/m?). In each subject, three differ-
ent studies were performed in random-
ized order on different days: a standard
meal test (8), fasting ingestion of 300 ml
of red wine, and a meal plus 300 ml of
red wine. The study protocol was
approved by the Ethical Committee of
the University of Udine.

Blood samples, obtained in the
absence of venous stasis, were collected
at baseline and 60, 120, and 180 min
after the meals. In every sample, plasma
glucose, insulin, triglycerides, and
plasma total radical-trapping antioxidant
parameter (TRAP) were measured. The
assay of TRAP has been recently pro-
posed to evaluate plasma antioxidant
capacity, taking into consideration
known and unknown antioxidants pres-
ent in the plasma as well as their mutual
cooperation: A higher TRAP number des-
ignates a higher antioxidant capacity
(10). The antioxidant power of red wine
(Merlot; Azienda Agricola Ermacora,
Ipplis, Udine, Italy) was also tested in
triplicate using the method described
above and compared with the antioxi-
dant power of a white wine (10).

By repeated-measures analysis of
variance, plasma glucose (F = 48.0, P =
0.001), insulin (F = 42.4, P = 0.001),
and triglycerides (F = 26.1, P = 0.001)
significantly increased, whereas plasma
TRAP (F = 27.8, P = 0.001) significantly
decreased during the meal test. Fasting
consumption of red wine significantly
increased TRAP activity, whereas wine
ingestion with a meal counterbalanced
the decrease of TRAP (F = 8.2, P =
0.001). In vitro, red wine showed a
TRAP activity of 6.1 = 0.2 mmol/l,
whereas the TRAP of white wine was
1.2 + 0.3 mmol/l.

Our data show that red wine is able to
preserve plasma from meal-induced
oxidative stress in diabetes, suggesting that
moderate consumption of red wine during
meals may have a beneficial effect in
decreasing the risk of cardiovascular dis-
ease in diabetic patients.
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Red Blood Cell
Avtoantibodies
With a Shortened
Erythrocyte Life
Span as a Cause of
Lack of Relation
Between
Glycosylated
Hemoglobin and
Mean Blood Glucose
Levels in a Woman
With Type 1
Diabetes

lycosylated hemoglobin is the test

most widely used to document the

degree of glycemic control in patients
with diabetes. The strong statistical rela-
tionship between mean blood glucose lev-
els and glycosylated hemoglobin is well
established (1); however, clinically signifi-
cant differences in average blood glucose
from individuals with identical glycosy-
lated hemoglobin levels have been
reported (2). Differences in erythrocyte life
span among individuals are one of the pro-
posed factors that may alter the relation-
ship between a given glycosylated hemo-
globin level and average blood glucose (1).

We report on a patient in whom lack
of relation between glycosylated hemoglo-
bin and mean blood glucose levels is
explained by the presence of red blood cell
autoantibodies.

A 30-year-old woman with type 1
diabetes of 11 years’ duration was first
seen at our clinic for preconception con-
trol. There was no family history of
autoimmune diseases. She had no evi-
dence of diabetes complications (normal
dilated-eye examination and albumin
excretion <20 pg/min) and was on three
insulin injections per day. She took no
other medications regularly. Physical
examination was normal and she was
asymptomatic. She reported habitual
good glycemic control as assessed from
glycosylated hemoglobin, though she
rarely performed self-monitoring of blood
glucose levels. Initial glycosylated hemo-
globin (high-performance liquid chro-
matography; Bio-Rad, Richmond, CA)
was 6.5%. On entering preconception
care, she started daily capillary blood glu-
cose self-monitoring (six to seven mea-
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surements/day). The glucose meter used
(OneTouch Profile; LifeScan, Milpitas,
CA), with storage capability, allows com-
puter-assisted analyses of glucose read-
ings. After 45 days, her mean blood glu-
cose level was 11.3 mmol/l (252 readings)
and her glycosylated hemoglobin was
5.8%. After another period of 45 days, her
mean blood glucose level fell to
8.2 mmol/l (331 readings) and glycosyla-
ted hemoglobin to 4.9%. Both glycosyla-
ted hemoglobin values are by far lower
than expected from each average blood
glucose (3). Hemoglobin variants, which
may lower results of glycosylated hemo-
globin (4), were ruled out since the assay
used is not affected by these. Ingestion of
vitamin C or E, which has also been
reported to lower glycohemoglobin values
(5,6), was also excluded. Red blood cell
life span, evaluated with chromium-
labeled self-erythrocytes, showed a
reduced half-life: 20 days (normal tV2:
28-30 days), with an increased erythro-
poietic activity index (2.4) and spleen
participation in hemolysis. Her levels of
lactate dehydrogenase, plasma hemoglo-
bin, bilirubin, haptoglobin, and her
reticulocyte count were normal. The
Coombs’ antiglobulin test showed the
presence of IgG autoantibodies on the
patient’s red blood cell surface. Further
evaluation of autoimmune disease
showed a positive antinuclear antibody
test, with positive anti-Ro/SSA, anti-
La/SSB, and anticardiolipin autoantibod-
ies. Anti-DNA, anti-Sm, and anti-RNP
autoantibodies were negative.

Immunohemolytic anemia, in its
mildest form with only positive antiery-
throcyte autoantibodies, seems to be
responsible for the low glycohemoglobin
values in this patient. Immunohemolytic
anemia has been reported as a cause of
decreased glycosylated hemoglobin in two
patients with type 1 diabetes (7); however,
in both cases, hemolysis, which was
induced by drugs, was evident. This case
suggests the possibility that the presence
of red blood cell autoantibodies with
shortened erythrocyte life span, but no
clinical expression, might explain the lack
of relation between glycosylated hemoglo-
bin and mean blood glucose levels more
often than has been suspected.
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Enterovirus
Antibodies in
Relation to Islet Cell
Antibodies in Two
Populations With
High and Low
Incidence of

Type 1 Diabetes

nterovirus infections are among the
most suspect environmental factors in
the pathogenesis of type 1 diabetes
(1-3). The present study was aimed at
testing the hypothesis that the marked
international variation in the incidence of
type 1 diabetes may reflect differences in
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the epidemiology of enterovirus infections
in various countries. We measured entero-
virus antibody levels and islet cell anti-
body (ICA) prevalence in healthy school-
children in two geographically nearby
countries, Finland and Lithuania, that dif-
fer in the incidence of type 1 diabetes. Fin-
land has the highest incidence in the
world, whereas in Lithuania, the incidence
is substantially lower (averages of 35 per
100,000 and 7 per 100,000, respectively,
in 0- to 14-year-old children during
1983-1992) (4).

Serum samples were collected during
1994 from 1,049 unaffected Lithuanian
schoolchildren living within the region of
Kaunas and from 3,651 unaffected
Finnish schoolchildren living in northern

Finland. We analyzed enterovirus antibod-
ies from 200 age- and sex-matched pairs
of Finnish and Lithuanian ICA~ children
(38% male, mean age 10.8 years). ICA*
serum samples were available from 102
Finnish children (50% male, mean age
11.8 years) and 23 Lithuanian children
(48% male, mean age 11.6 years).
Group-specific IgG class enterovirus
antibodies were analyzed against a syn-
thetic peptide and purified Coxsackie B
virus (CBV) 4 by enzyme-linked immuno-
sorbent assay as previously described (1).
Serotype specific antibodies against CBV4
and CBV5 serotypes, which have been con-
nected to type 1 diabetes as well as
poliovirus type 1, were analyzed using stan-
dard plaque neutralization test. Hepatitis A
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virus antibodies were measured using the
Enzygnost Anti HAV kit (Behringwerke
AG, Marburg, Germany). ICA in the
Finnish sera were analyzed as previously
described (5). The detection limit of ICA
was 2.5 Juvenile Diabetes Foundation units
(JDF U). ICA in the Lithuanian sera were
detected by indirect immunofluorescence
method on 4-um cryostat sections of blood
group O frozen human pancreas (6). The
log, endpoint titers of test samples were
converted to JDF U (7). The detection limit
of ICA was 5 JDF U.

The Lithuanian ICA~ children had
significantly higher enterovirus antibody
levels than the Finnish children (Fig. 1).
This difference was seen in IgG levels
against the enteroviral peptide antigen
(P < 0.001) and purified CBV4 virions
(P <0.001), as well as in the frequency of
neutralizing antibodies against CBV4
(75 vs. 63%, P < 0.01) and CBV5 (65 vs.
38%, P < 0.001). Seropositivity in the
hepatitis virus A antibody assay was also
more common in the Lithuanian than the
Finnish children (20 vs. 1%, P < 0.001).
However, the Finnish and Lithuanian chil-
dren had similar titers of neutralizing anti-
bodies against poliovirus type 1, indicat-
ing no difference in the efficacy of polio
vaccination programs.

ICA prevalence was 2.8% among the
Finnish children (8) and 2.2% among the
Lithuanian children. The Finnish ICA*
children had higher antibody levels
against the enterovirus peptide antigen
than the ICA~ Finnish children (P < 0.05,
Fig. 1). The Lithuanian ICA* children had
higher antibody levels against CBV4 than
the Lithuanian ICA~ children, but the dif-
ference remained statistically nonsignifi-
cant (P = 0.15) (Fig. 1). Antibody levels
against other enterovirus antigens, as well
as against hepatitis A virus, were similar in
the ICA™ and ICA* children.

Higher enterovirus antibody levels in
the Lithuanian children suggest a higher
frequency of enterovirus infections in
Lithuania. Higher enterovirus antibody
levels in the ICA* children than in the
ICA~ children support the role of entero-
virus infections in B-cell autoimmunity.
Thus, the results are discrepant in an
intriguing way: enterovirus infections
seem to be associated with B-cell autoim-
munity, which is in line with previous
studies (1-3), and yet it looks as if these
infections were more frequent in Lithua-
nia, with a lower diabetes incidence, than
in Finland.

In addition to enterovirus infections,
hepatitis A virus infections were also
shown to be less frequent in Finland than
in Lithuania. The epidemiology of viruses
with fecal-oral transmission, such as
enteroviruses and hepatitis A virus, is
highly dependent on climatic and socio-
economic factors. Accordingly, climatic
differences between Finland and Lithuania
(mean annual temperatures 2 vs. 6°C in
the regions of serum collection), as well as
higher socioeconomic status in Finland
(gross national products $18,850 vs.
$1,350 per capita at the time of the serum
collection), may explain the lower fre-
quency of these infections in Finland.

This is the first study evaluating the
relationship between the incidence of
type 1 diabetes and the frequency of
enterovirus infections in different popula-
tions. The inverse relationship between
the two suggests that the high diabetes
incidence in Finland is not due to a gener-
ally high frequency of enterovirus infec-
tions in the Finnish population. However,
it is still possible that diabetogenic entero-
virus strains are more common in Finland
than in Lithuania, which could partly
explain the higher diabetes incidence in
Finland. Itis also possible that enterovirus
infections occurring neonatally or in utero
represent a greater risk in Finland and
other countries with low frequency of
enterovirus infections, because in these
countries, maternal enterovirus antibody
levels are low and give no protection to
the child. Enterovirus infections during
these early ages may be particularly
important in the pathogenesis of type 1
diabetes, as suggested in recent prospec-
tive studies (1,2,9).

Taken together, the results show that
at the population level, a high frequency of
enterovirus infections does not necessarily
lead to an increased incidence of type 1
diabetes. It remains to be determined in
further studies whether the inverse rela-
tionship between the frequency of entero-
virus infections and the incidence of type 1
diabetes within a population will be
observed also in other countries.
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Troglitazone Efficacy
in a Subject With
Glucocorticoid-
Induced Diabetes

roglitazone is an oral antidiabetic

agent that ameliorates insulin resis-

tance in both peripheral tissues and
liver (1). Troglitazone could be more effec-
tive in diabetic subjects with greater
insulin resistance, estimated by homeo-
stasis model insulin resistance index
(HOMA-R) (2). Glucocorticoid adminis-
tration, along with obesity, is one of the
most common insulin-resistant conditions
that we encounter in clinical settings. It is
shown that troglitazone improved dis-
turbed glucose homeostasis in glucocorti-
coid-treated rats (3). A preliminary study
also reveals that glucocorticoid-induced
insulin resistance could be reversed by
troglitazone administration in human sub-
jects with normal glucose tolerance (4).
However, the efficacy of troglitazone has
not been demonstrated in glucocorticoid-
induced diabetes in humans.

We have studied a 66-year-old female
in whom diabetes was induced by gluco-
corticoid. At age 58 years, she had been
diagnosed with polymyositis. Predniso-

lone 20 mg/day was administered, and
then the dosage was tapered and main-
tained at 7.5 mg/day. Before the glucocor-
ticoid treatment, her fasting glucose level
was normal, but she had a family history
of diabetes in her elder brother. She expe-
rienced thirst and polyuria 4 years later (at
age 62 years). She was diagnosed with dia-
betes, with fasting glucose 11.9 mmoll
and HbA,. 11.6% (normal 4.3-5.8). A
dosage of 5 mg glibenclamide/day
decreased her HbA,. levels, but the levels
remained at ~8%. At age 66 years, she
was referred to our division. Her BMI was
as low as 21.3 kg/m?. Her fasting glucose
was 5.50 mmol/l, whereas the maximal
postprandial glucose level in the daily pro-
file was as high as 20.8 mmol/l. Serum
insulin concentration was 55.8 pmol/l
after fasting, but it increased to 282 pmol/l
postprandially. Urinary excretion of C-pep-
tide was also as high as 30.8 nmol/day
(normal 5.3-39.7). HOMA-R was calcu-
lated to be 2.09, not increased to the level
at which drastic effects of troglitazone
would be expected (2). However, in con-
sideration of the coexisting postprandial
hyperglycemia and hyperinsulinemia,
which suggests the presence of insulin
resistance (5), we initially prescribed
troglitazone 200 mg/day in addition to
glibenclamide. At 1 month later, she com-
plained of hypoglycemic symptoms, and
the dosage of glibenclamide was tapered.
Finally, 2 years later, 400 mg/day of trogli-
tazone without sulfonylureas stabilized
her HbA, . levels at ~6%. Her BMI did not
change throughout the observation
period, but serum leptin concentration
gradually decreased from 13.9 to 4.5 ng/ml.
Plasma levels of the soluble fraction of
tumor necrosis factor-a receptor 2, which
was reported to be associated positively
with body fat and negatively with insulin
sensitivity index (6), were 2,320 pg/ml
(normal 1,020-2,120) before the addition
of troglitazone, and the levels remained
unchanged during the observation period
(data not shown).
Glucocorticoid-induced diabetes is
often characterized by rather normal fast-
ing glucose level and abnormally
increased postprandial glucose excursion.
In this context, we thought it adequate
that the prediction of insulin resistance
may depend on postprandial glucose and
insulin levels rather than HOMA-R and
made a trial of troglitazone administration.
Consequently, the remarkable and sus-
tained efficacy of troglitazone was demon-

strated. In other words, her hyperglycemia
might be attributable mainly to insulin
resistance, but not to deficient insulin
secretion. The underlying mechanisms of
glucocorticoid-induced insulin resistance
and its reversal by thiazolidinediones seem
to be multifactorial. It seems possible that
both glucocorticoid and thiazolidine-
diones can affect the postreceptor signal-
ing cascade of insulin, although few stud-
ies have examined the interaction between
these agents (7). The thiazolidinediones
bind to peroxisome proliferator-activated
receptor-y mainly expressed in adipocytes
and ameliorate the “bad” metabolism and
signals that cause insulin resistance (8).
The decrease in serum leptin concentra-
tions by troglitazone in this subject may
reflect the improvement in such alter-
ations of adipocyte metabolism. Further
analysis is necessary to confirm the benefi-
cial effects of thiazolidinediones on gluco-
corticoid-induced insulin resistance.
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Safety of

Human Insvulin in
Poor-Sighted Elderly
Diabetic Patients

reliminary reports and the opinion of

patients did not completely eliminate

the belief that human insulin may be
dangerous, particularly during the transfer
from animal insulin (1).

It is true that the efficacy of human
insulin was not fully evaluated on a large
scale or in long-term randomized con-
trolled trials, nor were its adverse effects.

In one study (2), we assessed the
glycemic control and tolerance during the
transfer from animal to human insulin. We
found that all of our 46 type 1 diabetic
patients were efficiently and safely
switched from animal to human insulin,
without aggravating the incidence of
hypoglycemia, in spite of two major risk
factors, namely advanced age (the oldest
patient was 92 years old) and long-stand-
ing diabetes of ~20 years’ duration.

In the present study, we investigated
the transfer to human insulin adminis-
tered with a pen, as opposed to syringe for
animal insulin, in 30 elderly diabetic
patients (mean age 60.5 = 15.1 years) who
had a long diabetes duration of 25.7 =
10.9 years and also had deteriorated
vision. Diabetic retinopathy was detected
in 69% of patients. Among these, it was

nonproliferative in 60%, preproliferative
in 10%, and proliferative in 30%. Of all
patients, 62% had cataracts. Mean visual
acuity in the left eye was 5.3/10 = 3.5,
Parinaud scale 3.0 + 2.6, and in the right
eye 5.8/10 + 3.6, Parinaud scale 3.4 + 3.3
(normal Parinaud value = 2).

The aim of the study in this parti-
cular population was evaluation after
2 months of glycemic control, hypogly-
cemic attacks, treatment satisfaction,
and degree of autonomy. The Student’s ¢
test and the rank-sum test were used
when appropriate.

At the end of study, the median dose
of human insulin was 32 U/day (8-74),
significantly lower (P = 0.04) than the ini-
tial dosage of animal insulin of 36 U/day
(14-150). HbA,. decreased from 8.6%
(6.4-12.1) to 8.45% (7.0-10.7) (P =
0.02). Only one patient experienced a sin-
gle severe hypoglycemic episode. Biologi-
cal hypoglycemia (<60 mg/dl) was never
observed in 67% of patients.

At inclusion, patients mildly satisfied
with the previous treatment were rather
autonomous: 77% were injecting insulin
without assistance. General health condi-
tion was altered, anxiety was a predomi-
nant feeling, and 60% were depressed. At
the end of the study, patients were signifi-
cantly (P =0.009) more satisfied with the
new treatment and the autonomy rate
increased: 85% were injecting insulin
themselves. The subjects’ general health
condition improved significantly (P =
0.003). These benefits were remarkable in
the vision-impaired patients: 83% pro-
ceeded to auto-injections in comparison
with 71%, 83% considered the new treat-
ment more practical, and 50% felt more
autonomous.

Improvement in the subjects’ quality
of life and autonomy was probably related
to the use of an insulin pen in poor-
sighted elderly patients not frightened by
changing habits. Amelioration of glucose
homeostasis without increase of hypogly-
cemia reassures us about the safety of
human insulin.

JEAN-JACQUES ALTMAN, MD, PHD
NEGIB ELIAN, MD

MIREILLE BONNEMAIRE, MD
STEPHANE CALMAR, PHD

SYLVIE FELDMAN, MD

From the Service de Diabétologie-Nutrition (J.-J.A.,
N.E., S.E), Hopital Laénnec, Paris; and the Labora-
toire Novo Nordisk (M.B., S.C.), Boulogne-Billan-
court, France.

Letters

Address correspondence to Jean-Jacques Altman,
MD, PhD, Hopital Laénnec, 42 rue de Sevres, 75340
Paris Cedex 07, France. E-mail: labo.diabeto@Inc.
ap-hop-parls.fr.

References

1. Hirst J: Adverse effects of human insulin
(Letter). Lancet 352:1710, 1998

2. Feldman S, Bonnemaire M, Elian N, Alt-
man JJ, and the investigators of TRANS-
FERT Study: Transferring aged type 1 dia-
betic patients from animal to human
insulin: a randomized study. Diabetes Care
21:196-197, 1998

Assessment of

In Vivo Stability of
a New Insulin
Preparation for
Implantable Insulin
Pumps

A randomized multicenter
prospective trial

rogrammable implantable insulin

pumps have proven to be safe and

effective devices for achieving good
metabolic control (1) and decreasing the
risk of severe hypoglycemia (2). In 1993,
changes in the insulin production process
resulted in increased insulin precipitation
in the pumps, worsening the clinical per-
formances of the devices. Evaluation
Dans le Diabete du Traitement par
Implants Actifs (EVADIAC) proposed
improved pump rinse procedures and a
shortening of the interval between refills
(3), and the MiniMed -catheter was
improved. Hoechst Marion Roussel
(Frankfurt, Germany) produced a new
insulin variant (21 PH ETP). EVADIAC
designed a protocol study to examine the
in vivo stability of 21 PH ETP using a
multicentric, prospective randomized
study with intervals of 3 months as com-
pared with 45 days between refills.

A total of 176 patients were random-
ized into two groups, Gus (45 days) and
Ggo (90 days), between refills. The study
criteria was the accuracy of insulin infu-
sion with 21 PH ETP (human semi-
synthetic insulin, Genapol stabilized,
400 U/ml; Hoechst).

A total of 196 MiniMed MIP 2001
(MiniMed Technologies, Sylmar, CA)
pumps were studied: 122 (pumps A)
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without polyethylene-polypropylene gly-
col coating, previously used with other
batches of insulin and washed with an
alkaline procedure before the study, and
74 new pumps (pumps B) with polyethyl-
ene-polypropylene glycol coating on the
inside.

The infusion accuracy (% error) was
calculated as the ratio between theoretical
and real volume infused difference over
the theoretical volume infused.

The evolution of percent error, i.e., the
delta of % (A%) error at 6, 9, and 12 months
vs. 3 months, was compared between Gys
and Ggy and between pumps A and B,
using nonpaired ¢ tests. An analysis of vari-
ance was used to determine whether G,s,
G, pumps A or B, and high percent error
were related.

Results

A total of 88 pumps were randomized into
Gys and 108 pumps into Ggy. There was
no difference between Gys and Ggy in
terms of A% error at 6, 9, and 12 months
as compared with 3 months.

However, pumps B showed a greater
A% error at 6 months (P = 0.006 for Gys
and 0.024 for Gg). This higher increase in
the percent error tended to attenuate dur-
ing the following months. The analysis of
variance showed that independently from
groups Gus and Ggo, pumps B presented a
higher percent error than pumps A (P =
0.0003).

On the basis of the results of this study
we may conclude that the stability of 21
PH ETP was comparable at 90 days to that
at 45 days in implantable pumps in vivo.
As this study was not designed to compare
the two groups of pumps together, the dif-
ference observed between pumps A and
pumps B must be interpreted with cau-
tion. This problem is currently under
investigation.

We conclude that using 21 PH ETP,
the clinical performances of implantable
pumps are comparable in intervals of 45
and 90 days between refills and that an
acceptable 3-month interval between
refills may be proposed.
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In Diabetes Care,
Moving From
Compliance to
Adherence Is Not
Enough

Something entirely different
is needed

e had two distinct reactions to the

appearance of the recent article by

Lutfey and Wishner (1) entitled
“Beyond ‘compliance’ is ‘adherence’.” Our
first reaction was that it was good to see an
article, especially one coauthored by a
prominent endocrinologist, that addressed
several key issues related to patient-
provider relationships. We concur with
and applaud their discussions of the
importance of patient-centered care, the
shortcomings of traditional compliance
approaches, and the need for a more psy-
chosocial paradigm.

At the same time, we were disap-
pointed that these authors had not
referred to a large body of work that has
addressed and gone beyond the adherence
approach they recommend. Important

work has been conducted over the past
15 years that bears directly on the issues
raised. Investigators working in two areas
began questioning the terms “compliance”
and “adherence,” and the implications of
use of these terms, about 15 years ago.

Anderson (2) suggested that the use of
the constructs “compliance” and “adher-
ence” were counter-productive because
they both construed the problem to be the
patient’s behavior—one of the main points
in the article by Lutfey and Wishner. This
was one of the earlier articles on their
empowerment approach, which they have
refined and evaluated over the years. Key
contributions of this approach include
explicitly contrasting the underlying
assumptions and consequences of adopt-
ing a traditional compliance-based med-
ical model approach with the patient-cen-
tered empowerment approach (3); the
explicit identification of problems with the
term “adherence” as an alternative to
“compliance” (4); and the development
and validation of both empowerment-
based interventions for patients, and
empowerment training programs for pro-
fessionals (4,5).

The second early body of work ques-
tioning the usefulness of compliance and
adherence terminology was based on
empirical, logical, and methodological
grounds. Both Johnson and colleagues
(6,7) and Glasgow etal. (8) criticized these
approaches based on their lack of utility;
sending the wrong message to patients
and to professionals; the multidimensional
nature of adherence behaviors, rather than
adherence being a single unitary con-
struct; and the dynamic nature of the regi-
men, rather than being a static standard
against which to compare patient behav-
ior. These authors independently pro-
posed the use of terms such as “self-care”
or “self-management” to describe the clus-
ter of daily behaviors that patients perform
to manage their diabetes. This self-man-
agement terminology has been widely
adopted by the American Diabetes Associ-
ation and other diabetes organizations
(9-11) as preferable to the terms “compli-
ance” and “adherence.”

The past 5 years have seen the emer-
gence of two additional approaches and
alternative terms that we believe are also
preferable to adherence. The first is psy-
chologically based and drawn from the
work on self-determination theory by Deci
et al. (12). The greatest amount of this
research in the diabetes area has been by
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Williams et al. (13). They prefer the term
“autonomy motivation” to refer to the psy-
chological process that drives patient
behavior change and the term “autonomy
support” to refer to actions by health care
professionals that enhance patient auton-
omy motivation. Like empowerment (4)
and self-efficacy (14), there is impressive
and increasing literature supporting the
utility of this approach.

Finally, from a health care delivery and
medical systems perspective, Wagner (16)
has promoted the concept “collaborative”
or co-management of chronic illnesses
such as diabetes. Like Etzwiler (15) and
the authors cited above, Wagner proposes
that chronic illness care be based on differ-
ent principles and concepts than acute
care. In particular, they emphasize the
importance of collaborative goal setting
and on-going self-management support as
key elements of successful disease man-
agement systems (16,17).

Our second major point is that the
recommendations for change proposed by
Lutfey and Wishner did not go far enough.
Appropriate diabetes care requires a new
and fundamentally different set of roles for
health care professionals and patients.
Modification of the acute-care model will
not work because its underlying assump-
tions are invalid for diabetes care. Diabetes
care requires a truly collaborative
approach, ie., patients and health care
professionals relating as equals, rather
than the hierarchical approach embedded
in the acute-care model. Unlike the treat-
ment of acute illnesses, patients with dia-
betes are fully responsible for the self-
management of their illness (18). This
responsibility is non-negotiable and
inescapable. Although that statement may
sound like a very strong assertion, we
believe it is an accurate description of the
reality of diabetes self-management.

The complete responsibility that
patients have for the self-management of
diabetes rests on three characteristics of the
disease. First, the most important choices
affecting the health and well-being of a per-
son with diabetes are made by that person,
not by health professionals. Each day,
patients make decisions about eating,
physical activity, stress management, mon-
itoring, etc., that are the major determi-
nants of their diabetes control. Second,
patients are in control. No matter what we
as health professionals do or say, patients
are in control of these important daily self-
management decisions. When patients

leave the clinic or office, they can and do
veto recommendations a health profes-
sional makes (19), no matter how impor-
tant or relevant the provider believes those
recommendations to be. Third, the conse-
quences of the choices patients make about
their diabetes care accrue first and fore-
most to patients themselves. We cannot
share in the risk of developing retinopathy;
neuropathy, or cardiovascular disease nor
can we share the cost to the patients qual-
ity of life of making a commitment to rigor-
ous blood glucose control. Diabetes,
including its self-management, belongs to
the person with the illness.

When we acknowledge that diabetes
is a self-managed disease whose responsi-
bility rests with the patient, we have begun
laying the foundation for a collaborative
diabetes care relationship. Collaboration
requires us to give up trying to be respon-
sible for our patients and instead become
responsible to them.

Although we cannot relieve patients of
their responsibility for the self-manage-
ment of diabetes, we can provide expertise
related to the self-management of diabetes,
help them acquire the knowledge neces-
sary to make informed decisions about
self-management, teach self-care tech-
niques, provide social and emotional sup-
port, offer suggestions for behavior change
and coping strategies, and create opportu-
nities for our patients to reflect on the
choices they are making and the goals they
hope to achieve.

Like Lutfey and Wishner, we believe
that the words (and related world views)
that we use to describe patient-provider
relationships and diabetes self-manage-
ment are important. They can either facili-
tate or inhibit patient empowerment,
autonomy, decision-making, sense of
responsibility, and quality of life. This is
why we prefer terms like “collaborative
diabetes management” or simply “self-
management.” We believe that such a col-
laborative relationship represents a true
paradigm or world view shift, one in
which the concepts of compliance or
adherence have no place.
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Prevalence of
Patients Reaching
the Targets of Good
Control in Normal
Clinical Practice

A cohort-based study in type 2
diabetes

To prevent chronic complications, the

control of diabetes must be extended

from blood glucose to other cardio-
vascular risk factors (1-3). European
guidelines for the target levels of glycated
hemoglobin, blood pressure, lipids, and
BMI identified three classes of control:
good, borderline, and poor (4). According
to the European Consensus (4), the targets
for good control were as follows:
<5.2 mmol/l (<200 mg/dl) for total cho-
lesterol, <1.7 mmol/l (<150 mg/dD) for
triglycerides; >1.1 mmol/l (>40 mg/dD)
for HDL cholesterol; =25 kg/m? (men)
and =24 kg/m? (women) for BMI;
=140/90 for blood pressure; and within
3 SD above the mean value of the refer-

Table 1—Prevalence of patients in good
control for increasing number of targets in
a cohort of 2,113 type 2 diabetic patients

Number of
targets of good
control reached

Number and
prevalence of patients

82 (3.9); (57.3/42.7)
310 (14.7); (59.0/41.0)
574 (27.2); (63.8/36.2)
626 (29.6); (55.6/44.4)
383 (18.1); (45.2/54.8)

121 (5.7); (39.7/60.3)

17 (0.8); (17.6/82.3)

Data are n (%); (female/male).

Ut W= O

ence range (2.4-4.7% in our laboratory)
for HbA,.. Because the adherence to these
targets in normal clinical practice is poorly
known, we studied all 2,113 type 2 dia-
betic patients (1.6% of the reference popu-
lation, i.e., ~80% of the diabetic patients
of the area) referred to the diabetic clinic of
Asti, Italy, from 1996 to 1997. The preva-
lence of patients in good control for a sin-
gle target was higher for lipids and blood
pressure (42.4, 60.9, 64.9, and 44.1% for
total cholesterol, HDL cholesterol, triglyc-
erides, and blood pressure, respectively),
while the prevalence of patients in poor
control was higher for HbA,. (49.3%) and
BMI (62.4%). The prevalence of patients
without any target of good control (3.9%)
and that of patients with all targets reached
(0.8%) was low (Table 1). By increasing
the number of targets reached, the preva-
lence of women became significantly
lower (P < 0.0001 for four to six targets
reached). In particular, for BMI only,
13.9% of women are within targets versus
72.8% with BMI >26 kg/m? (P < 0.0001).
This is the first report, to our knowledge,
on the prevalence of diabetic patients
within targets of good control in normal
clinical practice. These results indicate that
an overall good control of diabetes, even if
desirable (1-3), is difficult to obtain, par-
ticularly in women.
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Neonatal
Anthropometric
Measurements
and Risk of
Childhood-Onset
Type 1 Diabetes

studies that early life exposures, for

which neonatal anthropometric mea-
surements can be used as markers, are
associated with several chronic diseases in
adulthood. The relationship between neo-
natal size and chronic diseases with the
onset in childhood is less apparent. There is
evidence that the age at diagnosis of type 1
diabetes is getting progressively younger
and more cases are diagnosed in patients
younger than 1 year of age (1). This recog-
nition has lead to the search for causal
environmental factors operating very early
in life and factors related to the neonatal
period. A review of the literature shows
that it is not clear whether high or low
birth weight increases the risk of type 1
diabetes in childhood (2-4). The purpose
of our study was to assess whether neona-
tal measurements, such as birth weight,
birth length, and ponderal index of chil-
dren who later developed type 1 diabetes,
were different from those of nondiabetic
children and from those of their nondia-
betic same-sex siblings. The study was
performed in a population-based manner
in Finland where the incidence of the dis-
ease is the highest in the world (1).

Three groups of individuals were
studied: individuals with childhood-onset
type 1 diabetes, their nondiabetic siblings,
and control subjects from the general pop-
ulation. All children with type 1 diabetes
diagnosed at the age of 14 years or
younger in Finland from September 1986
to April 1989 were invited to participate in
the nationwide Childhood Diabetes in

Evidence is accumulating from large
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Table 1—Birth weight, birth length, and ponderal index in type 1 diabetic probands, nondiabetic

siblings, and control children by sex

Probands Type 1 Probands
versus diabetic versus Control
Siblings siblings probands  control subjects  children
Boys
Birth weight (g) 3,671 + 482 0.751* 3,716 £ 461 0.035 3,639 + 484
Birth length (cm) 50922 0.289 512+19 0.007 508+2.0
Ponderal index 275+23 0.301 27.7+2.5 0.354 27624
Girls
Birth weight (g) 3,569 + 488 0.132 3,564 + 480 0.490 3,520 + 460
Birth length (cm)  50.4 £ 2.0 0.980 504+19 0.042 50.1+1.8
Ponderal index 27.7+2.6 0.181 27724 0.110 279 2.4

Data are means = SD or P. There were 129 pairs of boys and 103 pairs of girls for matched proband-sibling
analysis and 335 pairs of boys and 282 pairs of girls for matched proband—control subject analysis. *P value

refers to the matched pair analysis.

Finland Study (DiMe). Of the 801 families
invited, 782 participated. The present
study included 373 boys and 289 girls
with type 1 diabetes. Data were also col-
lected for 773 siblings aged 3-19 years. Of
those, 311 boys and 352 girls had their
birth-size data available. The sibling con-
trol subjects were selected on the basis of
being the oldest child of the same sex in
the family of the proband. There were 54
siblings who had developed diabetes who
were excluded from analyses. Birth date—
and sex-matched nondiabetic control chil-
dren, 363 boys and 313 girls, were ran-
domly selected from the Finnish national
population registry. In all three study
groups, premature (=2 weeks before
term) children and children born to dia-
betic mothers or mothers with gestational
diabetes were excluded from the analysis.

Means of birth weight (g), birth length
(em), and ponderal index {weight [kg]:
[length (m)]3} between groups were com-
pared with the paired Students ¢ test.

The results are given in Table 1. Nei-
ther birth weight, birth length, nor pon-
deral index was significantly different
between type 1 diabetic case subjects and
their nondiabetic sibling control subjects
in either sex (P > 0.1 in all instances).
Boys with type 1 diabetes had a slightly,
but not significantly, higher birth weight
and birth length than their nondiabetic
siblings and a significantly higher birth
weight and birth length compared with
the control boys (P = 0.035 and P = 0.007,
respectively). The girls with type 1 dia-
betes were taller at birth than the control
girls (P = 0.042). The correlation analysis
revealed that neither birth weight, birth

length, nor ponderal index was related to
the age at diagnosis of type 1 diabetes (r <
0.05 in all instances).

It has been documented that children
with type 1 diabetes are taller than their
peers before or at the time of diagnosis (5).
We may speculate that this observation is
to some extent true already at birth. On
the other hand, we were not able to docu-
ment any differences in birth length within
families of type 1 diabetic probands. The
oldest siblings of the same sex of the
proband did not differ in neonatal mea-
surements in any respect from the
proband. This could mean that both birth
length and weight are genetically deter-
mined in families to a greater extent than
type 1 diabetes is. On the other hand, the
power to obtain statistically significant dif-
ference between the boys with type 1 dia-
betes and their siblings was not high. There
are no previous studies where the anthro-
pometric parameters at birth of type 1 dia-
betic children were compared with those
of their nondiabetic siblings.

Birth weight was higher in boys with
type 1 diabetes, but not in girls, compared
with matched control subjects from the
general population. In 1989, Rewers et al.
(6) in Poland showed that newborns
either >4,000 or <2,000 g were at an
increased risk of type 1 diabetes. In 1992,
Metcalfe and Baum (7) found the birth
weight of British children who developed
type 1 diabetes to be higher than that of
the control subjects. Also, Dahlquist et al.
(8) reported in 1996 that lower birth
weight and intrauterine growth retarda-
tion were associated with a lower risk of
type 1 diabetes in Sweden.

Letters

If there is an association between the
birth weight and the risk of type 1 diabetes,
it may be U-shaped instead of linear. At
values in the physiological range and its
vicinity, the effect of reduced weight and
intrauterine growth might be in favor of
reducing the risk of type 1 diabetes. In
children with a severe weight deficit at
birth, various disturbances of the develop-
ing organism might take the preponder-
ance. The risk of type 1 diabetes due to
lower birth weight might thus be modified
by two different factors: 1) by decreasing
the demand of insulin at moderate birth
weight deficit (and perhaps increasing it at
higher birth weight values); and 2) by pre-
disposing to diabetes by a qualitatively dif-
ferent mechanism at more severe birth
weight deficit and prematurity.

In conclusion, birth length influenced
the risk of developing type 1 diabetes in
childhood more than birth weight: Babies
who developed type 1 diabetes in child-
hood were taller at birth than their nondi-
abetic peers. Basic neonatal anthropomet-
ric parameters of children with type 1 dia-
betes do not differ from those of their
nondiabetic siblings of the same sex in the
Finnish population.
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All Patients With
Werner’s Syndrome
Are Insulin Resistant,
But Only Those Who
Also Have Impaired
Insulin Secretion
Develop Overt
Diabetes

bnormalities in insulin secretion,
insulin action, or both contribute to
the development of diabetes, but the
relative contributions of these two factors
are not fully elucidated. Insulin resistance
is usually associated with glucose intoler-
ance and diabetes, but insulin resistance
may not necessarily result in glucose intol-
erance if hypersecretion of insulin can
compensate for the insulin resistance. If
this is the case, then only subjects with
impaired insulin secretory capacity will
develop diabetes in the presence of insulin
resistance. One way to address this possi-
bility is to study the relationship between
glucose tolerance and insulin secretory
capacity in syndromes with extreme
insulin resistance, such as insulin receptor
mutations and Werners syndrome.
Werners syndrome is a rare disorder
with autosomal recessive inheritance, char-

Table 1—Insulin responses to IVGTT in a family of a pair of siblings with Werner’s syndrome

and normal subjects

IRI (pmol/l) response to IVGTT

Glucose Werners

tolerance helicase gene Basal Peak (3—=5 min)
Case 1 Diabetes M/M 85 127
Case 2 IGT M/M 142 425
Father Diabetes N/M 60 79
Mother Normal N/M 95 452
Sister 1 Normal N/N 79 480
Sister 2 Normal N/M 61 252
Normal subjects — — 79£79 484 + 217

(mean = SD, n = 15)

Werner’s helicase gene: M, mutant allele; N, normal allele. IRI, immunoreactive insulin.

acterized by an aged appearance with vari-
ous features, including glucose intolerance
with marked insulin resistance (1,2).
Despite the presence of insulin resistance
in almost all patients with Werners syn-
drome, glucose intolerance in patients with
Werners syndrome shows heterogeneity
among patients (2). To investigate the rea-
son for the heterogeneity, we studied
insulin secretory responses in a family of
consanguineous marriage in which two
siblings shared the same mutation of the
Werner helicase gene (3) but were discor-
dant for diabetes. We performed oral glu-
cose tolerance tests (OGITs) and intra-
venous glucagon stimulation tests in the
siblings, and intravenous glucose tolerance
tests IVGTTs) (4) in all members of the
siblings’ family (father, mother, two elder
sisters, as well as the affected siblings).

The proband (case 1) was diagnosed
with diabetes, whereas the other (case 2)
was diagnosed with impaired glucose tol-
erance (IGT) on OGTT. Total insulin
responses to OGTT and intravenous
glucagon in the siblings were both
increased, suggesting the presence of
insulin resistance. The early-phase insulin
response to IVGTT in case 1 was defective,
whereas it was increased in case 2
(Table 1). A defect in the early-phase
insulin response to IVGTT, similar to that
in case 1, was observed only in their father
with type 2 diabetes, but not in other
members of this family (Table 1).

These data suggest that impaired
insulin secretion with concomitant
insulin resistance, which is characteristic
of Werners syndrome, contributed to the
development of overt diabetes in case 1.
In contrast, case 2, in whom increased
insulin secretion compensated for the

insulin resistance, did not develop dia-
betes, despite the same mutation in the
Werner's helicase gene.

In summary, the present study impli-
cated that impaired insulin secretion with
concomitant insulin resistance is necessary
for the development of overt diabetes even
in syndromes with extreme insulin resis-
tance, such as Werner’s syndrome.
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ishima A, Sato N, Kamino K, Ogihara T:  Table 1—Clinical, biochemical, and genetic variables in Oji-Cree subjects aged =25 years
Molecular and epidemiological studies of

Werner Syndrome in the Japanese popula-

tion. Mech Ageing Dev 98:255-265, 1997 Diabetes 16T Normoglycemia
4. Yoneda H, Tkegami H, Y_amamoto Y, Yam— n (female) 16 (14) 15 (12) 286 (162)
o E*Tc,hi T’IK?“’agFChl f’_ﬁhm 08 Age (years) 10.6 + 4.3 171 £4.7 17.0 £ 4.4
ara 1o ANAYSIS 0 €ary-phase MSWIL gy (io/m?) 328+5.1 28.1+6.1 238+5.5"
responses in nonobese subjects with mild
glucose intolerance. Diabetes Care 15: blood glucose levels (mmol/)
1517-1521, 1992 Fasting 94+44 58=+0.70 53+046*
2-hpc 149+75 8.7 +0.67 5.1+13*
Fasting insulin (U/) 409 + 450 231171 104+ 61*
Youth-Onset Type 2 C-peptide (U/D) 137+ 1.11 0.73+0.43 0.55 +0.35*
Diabetes (Y2DM) Hl\gg/g?;wpes 22) 0 0
[ ] (]
Associated With $319/G319 7(6) 5(3) 49 (23)
HNF1A $319 G319/G319 7(6) 109) 237 (139)

in Aboriginal
Canadians

form of diabetes, youth-onset type 2
A diabetes (Y2DM), has emerged as a

new, significant public health con-
cern in several ethnic groups (1). Y2DM is
actually more common in some Canadian
aboriginal communities than type 1 dia-
betes is in the general pediatric population
(2-6). Aboriginal Canadians with Y2DM
are typically nonketotic obese female ado-
lescents or young adults (2-6). This phe-
notype resembles typical type 2 diabetes
that is associated with obesity and hyper-
insulinemia. It is definitely distinct from
maturity-onset diabetes of the young
(MODY) (1-6). Most clinicians have
assumed that the striking Y2DM pheno-
type has a component of genetic suscepti-
bility (2-6). Recently, we identified a
genetic marker, HNF1A S319, in adult Oji-
Cree with type 2 diabetes (7). The HNF1A
§319 variant was private to Oji-Cree and
altered a conserved glycine residue within
the DNA binding domain of hepatocyte
nuclear factor-la. HNFIA S319/S319
homozygotes and S319/G319 heterozy-
gotes had odds ratios for type 2 diabetes of
4.0 and 2.0, respectively, compared with
G319/G319 homozygotes (7).

To evaluate the relationship between
HNFI1A S319 and Y2DM, we studied 317
Oji-Cree subjects aged 10-25 years from
the Sandy Lake reserve in northern
Ontario (7). We identified 16 subjects
with type 2 diabetes (14 of whom were
females), 15 subjects with impaired glu-
cose tolerance (IGT) (12 of whom were
females), and 286 subjects with normal
glucose tolerance (162 of whom were
females).

Data are n (female) or means + SD. *Significantly different from subjects with diabetes and IGT at P < 0.001.

p.c., post challenge with 75-g oral glucose.

Table 1 shows the clinical, biochemi-
cal, and genetic features of Oji-Cree sub-
jects with Y2DM, IGT, and normo-
glycemia. Compared with normoglycemic
subjects, those with Y2DM had signifi-
cantly increased BMI, glucose concentra-
tions after fasting and 2 h after 75-g glu-
cose challenge, and fasting plasma insulin
and C-peptide concentrations (all P <
0.001). The values for all continuous traits
in subjects with IGT were intermediate,
with values between those for subjects
with Y2DM and those for normoglycemic
subjects.

All observed genotype frequencies
followed the expectations of the Hardy-
Weinberg law. The frequency of HNF1A
S319 was 0.343 and 0.086 in subjects
with Y2DM and normoglycemic sub-
jects, respectively (P = 0.00005). The fre-
quency of HNFIA S319 was 0.167 in
subjects with IGT, which was not statisti-
cally different from that of subjects with
Y2DM or normoglycemia. HNFIA
S319/S319 homozygotes and S319/G319
heterozygotes had odds ratios for Y2DM
of 119 (95% CI 6.1-2,320) and 2.9
(1.5-5.8), respectively, compared with
subjects with the HNFIA G319/G319
genotype. HNFIA S319/G319 heterozy-
gotes had an odds ratio for IGT of 1.9
(0.91-4.2). The Y2DM subjects who
were homozygous for HNF1A S319/S319
were not different from the HNFI1A sub-
jects for any clinical or biochemical phe-
notype (data not shown).

The cellular basis for the development
of type 2 diabetes in Oji-Cree subjects
with HNFIA S319 is not yet established.

Most mutations in HNFIA have been
observed with MODY3, which typically
occurs in lean younger adults and is asso-
ciated with defective insulin secretion
from pancreatic B-cells (8). In contrast,
Y2DM in the Oji-Cree appears to be typi-
cal type 2 diabetes, associated with obesity
and hyperinsulinemia (1-7). It is possible
that adolescent obesity and insulin resis-
tance in the Oji-Cree population may
stress the capacity of HNF1A S319 carriers
to mount an adequate insulin response,
but this would require confirmation with
cellular and/or physiological studies. It is
of interest that the adolescent subjects
with Y2DM had a significantly higher
mean fasting plasma insulin concentration
than the other groups, suggesting that an
insulin response is present, but is insuffi-
cient or ineffective in preventing the devel-
opment of diabetes.

The emergence of Y2DM in Canadian
aboriginal people has been attributed to
recent population-wide increases in obe-
sity and insulin resistance (2—6). These, in
turn, have resulted from the decline in
physical activity and the increased reliance
on store-bought food (2-6). HNFIA S319
appears to be a strong and significant con-
tributor to the Y2DM phenotype. It might
prove to be a useful marker for identifying
young subjects at risk for developing dia-
betes. These subjects would be candidates
for interventions, such as exercise and/or
dietary modification. Similar associations
with different genetic variants may exist in
other ethnic minorities (1) for whom
Y2DM is also an incipient public health
dilemma.
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Two-Hour
Post-Glucose
Loading Plasma
Glucose Is the Main
Determinant for the
Progression From
Impaired Glucose
Tolerance to
Diabetes in

Hong Kong Chinese

ance (IGT) was created in 1979 by the

World Health Organization and the
National Diabetes Data Group to identify a
group of subjects who were at higher risk
for cardiovascular disease and subsequent
development of type 2 diabetes (1,2).
There have been few reports on the risk of
progression to diabetes in Chinese people
with IGT. We followed up 123 Chinese
subjects with IGT with yearly oral glucose
tolerance tests (OGTTs) and aimed to
examine their risk of progression to dia-
betes and the risk factors for progression.

Between 1988 and 1995, 123 Chinese
subjects with IGT were recruited for a
yearly OGTT until they had progressed to
diabetes or up to June 1997, which is
when all of the data were analyzed. Gly-
cated hemoglobin (HbA,) and fasting,
1-h, and 2-h plasma glucose (PG) levels
were measured during the OGTT. Insulin
assays of fasting, 1-h, and 2-h plasma sam-
ples were also performed, but they were
available in 66 subjects only. Of these 123
subjects, 15 (12.2%) were men and 108
(87.8%) were women. The subjects were
22-66 years of age. After a mean follow-
up period of 1.71 + 1.35 years (range
0.92-7.64, median 1.06), 29 (23.6%) pro-
gressed to diabetes, 34 (27.6%) remained
with IGT, and 60 (48.8%) reverted to nor-
mal OGTT. The 50% “survival time” (95%

The category of impaired glucose toler-

CD from IGT to diabetes was 4.34 years
(3.72-5.41) with the Kaplan-Meier analy-
sis. With use of Cox regression analysis to
predict the progression to diabetes with
age, sex, BMI, blood pressure, HbA,, and
fasting, 1-h, and 2-h PG as predictor vari-
ables, 2-h PG was the only significant
independent parameter with B = 0.616,
SEM = 0.203, P = 0.002, and relative risk
[RR) (95% CI) = 1.85 (1.24-3.76). For
those with 2-h PG =10.1 mmol/l (mean
+ 1 SD), the progression from IGT to dia-
betes was much higher, with the 50%
“survival time” of 2.03 (1.53-2.53) years
as compared with 6.16 (2.37-9.95) years
for those with 2-h PG < 10.1 mmol/l (log-
rank test: P < 0.01) (Fig. 1). Of the 66
subjects whose plasma insulin levels had
been made available, there was no statisti-
cally significant difference in the insulin
levels among subjects with diabetes, IGT,
or normal OGTT. Through the use of Cox
regression analysis with age; sex; BMI;
blood pressure; HbA,; fasting, 1-h, and
2-h PG and insulin; insulinogenic indexes;
and insulin resistance (calculated with a
computer-solved homeostasis model
assessment method) as predictor variables,
2-h PG was the only significant indepen-
dent variable with B = 0.837, SEM =
0.326, P =0.010, and RR (95% CI) =2.31
(1.22-4.37).

The rate of progression from IGT to
diabetes was reported to be 11.3% per
year in the Da Qing IGT and Diabetes
Study involving Chinese subjects in
northern Mainland China (3). In the
present study, 50% of our patients with
IGT progressed to diabetes in 4.34 years.
A crude rate of progression was hence
calculated to be 11.5% per year in Chi-
nese individuals in Hong Kong. Similar
to most other studies (3-5), the most
important risk factor predicting subse-
quent progression from IGT to diabetes is
the baseline 2-h PG concentration. We
found that subjects whose 2-h PG
=10.1 mmol/l, in comparison with those
whose 2-h PG <10.1, had a rate of pro-
gression three times higher. In addition,
for every 1 mmol/l increase in the 2-h PG
level, there is a 1.85-fold higher risk for
progression from IGT to diabetes. Some
other risk factors for progression from
IGT to diabetes, such as age and obesity
(4-6), have been reported. However,
both of these disappeared as independent
risk factors once plasma glucose (and/or
insulin) had been introduced into the
multivariate analysis.
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Figure 1—Progression from IGT to diabetes in the subjects with 2-h plasma glucose above or below

10.1 mmol/l as determined by use of the Kaplan-Meier analysis. Log-rank test: P < 0.01.
hour plasma glucose level =10.1 mmol/l; —— =, 2-h plasma glucose level <10.1 mmol/l; +, data cen -

sored by the Kaplan-Meier analysis.

In conclusion, in a typical cohort of
Hong Kong Chinese subjects with risk fac-
tors for diabetes, 50% of these subjects
with IGT progressed to develop diabetes
within 4.34 years. The 2-h PG concentra-
tion was the key predictor for the progres-
sion. For those with baseline 2-h PG
=10.1 mmol/, the progression from IGT
to diabetes was three times faster com-
pared with that of those with 2-h PG
<10.1 mmol/l.
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Total Plasma
Homocysteine and
Insulin Levels in
Type 2 Diabetic
Patients With
Secondary Failure
to Oral Agents

omocysteine is a sulfur-containing
amino acid formed in the metabo-
lism of methionine, which is not a
normal part of the diet (1). Hyperhomo-
cysteinemia has been recently acknowl-
edged as an independent risk factor for
atherosclerosis (2,3). There is substantial
evidence that high levels of homocysteine
are associated with the increased risk for
ischemic heart disease and cerebrovascu-
lar disease (2,4). It has been reported that
hyperhomocysteinemia may contribute to
nephropathy (5,6) and cardiovascular dis-
ease in diabetes (7). Because the studies
performed in type 2 diabetic subjects have
usually included subjects with good meta-
bolic control (7), we aimed to assess the
influence of chronic poor metabolic con-
trol of type 2 diabetes on plasma total
homocysteine level.
Two study groups were formed with
44 type 2 diabetic outpatients without any
overt cardiovascular damage. Group 1 con-
sisted of 26 diabetic subjects treated with
maximum doses of oral hypoglycemic
agents (12 men, 14 women; mean age 66.8
+ 5.4 years, mean diabetes duration 11.9 =
4.1 years, BMI 26.3 + 3.3 kg/m?, mean
fasting plasma glucose 13.9 + 4.6 mmol/,
HbA;. 9.8 + 1.6%) with poor metabolic
control. Group 2 consisted of 18 well-
matched well-controlled diabetic subjects,
treated successfully with oral agents (10
men, 8 women; mean age 65.8 + 4.7 years,
mean diabetes duration 10.9 + 4.2 years,
BMI 25.7 + 4.0 kg/m?, mean fasting plasma
glucose 7.3 + 24 mmol/l, HbA,. 6.6 =
0.7%). There were 12 sex-, age-, and BMI-
matched healthy people who served as
control subjects. Total (free plus protein-
bound) plasma homocysteine was mea-
sured during a fasting state by high-perfor-
mance liquid chromatography with the
Hewlett-Packard 1100 Series system
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(Waldbronn, Germany). Insulin was mea-
sured under the same conditions by
radioimmunologic assay (Bio-Rad, Swierk,
Poland). HbA,, was measured by commer-
cially available chromatographic assay.
Because normality of distribution was con-
firmed in each group of data, the Student’s
t test for unpaired data was used to analyze
the differences between groups. To assess
correlation between given parameters, the
Pearson’s correlation analysis was per-
formed. Values for P < 0.05 were consid-
ered significant.

Mean + SD fasting plasma total homo-
cysteine concentrations were significantly
higher in group 1 patients (17.1 + 4.5
nmol/l, P <0.001) than in group 2 patients
(8.2 = 3.9 nmol/l) and healthy control sub-
jects (6.5 = 4.9 nmol/). HbA, values
showed positive correlation with homo-
cysteine concentration in group 1
(r =0.41; P < 0.05). Inversely, insulin lev-
els were significantly lower in group 1
(8.3 £ 5.2 pU/ml) than in group 2 (14.6 =
5.2 pU/ml, P < 0.001), with no statistically
significant difference between insulin levels
in group 1 (8.3 + 5.2 pU/ml) and healthy
control subjects (9.3 + 6.1 pU/ml). There
was a negative correlation between homo-
cysteine and insulin concentrations in the
group 1 patients (r = —0.32; P < 0.05).

There are few studies analyzing the
relation between plasma homocysteine and
type 2 diabetes, especially in regard to
metabolic control. Lanfredini et al. (6) and
Hoogeveen et al. (7) recently confirmed the
vascular-damaging impact of homocysteine
in type 2 diabetic individuals. However, in
the study by Hoogeveen et al., unlike in
ours, the degree of metabolic control did
not show any correlation with plasma
homocysteine concentration. This discrep-
ancy may be partly explained by the differ-
ence in the studies’ designs. Mean HbA,,
level in the study by Hoogeveen et al. (7)
was ~6.0%, whereas our group 1 patients
showed considerably worse metabolic con-
trol as being in the long-term period of oral-
agent failure. Our findings are in agreement
with the observations of Munshi et al. (8),
who described greater frequency of hyper-
homocysteinemia in type 2 diabetes, and
Passaro et al. (9), who also found correla-
tion between high homocysteine levels and
HbA,. in type 2 diabetic people as well as
duration of the disease. The latter was not
confirmed in our study.

To our knowledge, there have been no
reports so far on the relationship between
plasma homocysteine and endogenous

insulin level in patients with type 2 dia-
betes. We have demonstrated an apparent
negative correlation between these two
parameters in poorly controlled type 2
diabetic subjects. This observation seems
to be in accordance with the reports about
type 1 diabetes. Cronin et al. (10) and
Robillon et al. (11) noted lower homocys-
teine levels in insulin-treated well-con-
trolled type 1 diabetic subjects than in
healthy control subjects. As shown by
Hultberg et al. (12), deterioration of meta-
bolic control in type 1 diabetes, typically
caused by direct or indirect insulin defi-
ciency, is accompanied by homocysteine
plasma increase. We have found that high
plasma homocysteine concentrations are
associated with decreased insulin levels in
type 2 diabetes. Fonseca et al. (13) noted
that hyperinsulinemia decreases homocys-
teine levels in normal subjects, but not in
insulin-resistant type 2 diabetic subjects.
Animal studies published recently by
Jacobs et al. (14) confirm that insulin is
directly involved in the regulation of
homocysteine metabolism. Therefore, it
may be suggested that the compromised
insulin action caused by the relative or
absolute insulin deficiency is associated
with plasma homocysteine level elevation.
Insulin thus seems to play a significant,
but yet unclear, role in the altered homo-
cysteine metabolism found in diabetes.

In conclusion, we found that chronic
poor metabolic control of type 2 diabetes
was characterized by elevation of plasma
homocysteine concentration and that the
latter inversely correlated with endoge-
nous insulin levels. Our results may add to
the understanding of the increased fre-
quency and mechanisms of vascular dam-
age in diabetes.
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Does it cause hypoglycemia?

e report on a patient who pre-
sented with a reduction in insulin
requirements after discontinuing
clonazepam. A 43-year-old diabetic man
was admitted to the endocrinology ward
for glycemic control after incomplete trans-
craneal adenomectomy of a pituitary
growth hormone—secreting macroadenoma.
After treatment with lanreotide was begun,
his daily insulin dose decreased from
>300 to 142 U and he was discharged on
104 insulin U/day, lanreotide 30 mg for 10
days, and replacement therapy with
hydrocortisone and levothyroxine. One
month after discharge, he was started on
clonazepam 6 mg/day because of excruci-
ating headaches that did not respond to
other drugs. Three months later, clon-
azepam was discontinued. The following
day (which was 3 days after a lanreotide
injection), the patient was admitted to our
day-care center because of hypoglycemic
coma that was induced without changes in
food intake, insulin dose, or physical
activity. The dosage of insulin was progres-
sively decreased to 30 U/day during the
following week because of recurring
episodes of hypoglycemia, and it stabilized
at 58 U/day 6 months later. Because of
schedule difficulties, the patient declined
an acute test with clonazepam to assess his
growth hormone/glucose response.
In rats, clonazepam has been
reported to increase blood glucose (1)
and growth hormone (2) levels in vivo,

but not in a pituitary growth hormone—
secreting cell line in vitro (3). In humans,
diazepam had been proposed as a stimu-
lation test for growth hormone secretion
(4), but was later abandoned because of
its inconsistency (5).

Our patient had stable secondary dia-
betes, but he presented with an abrupt
reduction in insulin requirements. Had
the recent administration of lanreotide
been the cause, similar episodes would
have occurred with previous doses; such
episodes had not happened. It seems that
only certain growth hormone—producing
cell lines are sensitive to benzodiazepines,
which would account for the irregular
response observed with diazepam in acro-
megalics (5,6). Although definite proof is
lacking, we propose that our patients
tumor was responsive to clonazepam, and
the interruption of benzodiazepine treat-
ment caused a decrease in growth hor-
mone secretion and insulin requirements.
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American
Orthopaedic Foot
and Ankle Society
Diabetic Shoe
Survey

t is well accepted that the development

of a foot ulcer in the diabetic individual

is often the precursor of lower-extremity
amputation. Once the ulcer develops, the
patients quality of life decreases apprecia-
bly (1). This increased morbidity utilizes a
substantial proportion of health care
resources (2—4). It is also well accepted that
a comprehensive program of patient edu-
cation, skin and nail care, protective shoes,
and ongoing monitoring decreases that
risk, thus decreasing patient morbidity and
resource consumption (5-8; J.O. Krause,
J-W. Brodsky, unpublished observations).
This information led to the passage of the
Medicare Therapeutic Shoe Bill, which
provides these benefits to individuals with
diabetes. In spite of this information, most
experts feel that very few patients are pro-
vided with comprehensive prophylactic
foot care or protective shoe gear.

Members of the Diabetes Committee
of the American Orthopaedic Foot and
Ankle Society randomly surveyed 402 dia-
betic individuals during visits to their
endocrinologists. This venue was selected
because it was felt to represent a “best
practice” group of patients, i.e., those
patients receiving the most comprehensive
care for their diabetes. The demographics
revealed that the patients were representa-
tive of a typical longstanding diabetic pop-
ulation, averaging 61.5 years of age and
with a duration of diabetes of 27.3 years.
To reinforce the premise of a “best prac-
tice” group, 93.5% had health-care bene-
fits through Medicare and/or a private
Insurance carrier.

Only 73.4% had any form of patient
education, which was usually provided by
a nurse or podiatrist. The frequency of
examination of their feet was variable,
with only 59.9% having twice-yearly
examinations and 8.5% never having an
examination. Only 12.2% wore special
shoes, and just 15.4% used any type of
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custom foot orthosis. Only 7.7% of the
shoes or foot orthoses were provided by
the patients’ health care providers (9).

This study highlights a substantial
opportunity for improvement in the care
of individuals with diabetes. The most
common reason for hospitalization of the
diabetic individual is foot infection. It is
reasonable to assume that diabetic patients
have their blood sugar levels tested peri-
odically and that they meet with their die-
titians and diabetes educators. In this
light, it is reasonable to target 100% of dia-
betic patients to be educated about the
care of their feet and methods to prevent
infection or the development of an ulcer. It
is also reasonable to target that 100% of
diabetic individuals have their feet exam-
ined periodically. From available data, a
reasonable target rate for prophylactic
shoe gear is 25%.

Prophylactic foot care programs are
less expensive and consume fewer
resources than our current method of treat-
ment. If we achieve these targets, we can
improve the quality of health care for dia-
betic individuals, improve their quality of
life, and actually decrease the overall cost
of care. In the current cost-conscious envi-
ronment, these reasonable goals can be
attained without “up-front” high-tech capi-
tal expenditure. This study will be pub-
lished in full in the November issue of Foot
and Ankle International. This issue will be
dedicated to the care of the diabetic foot.

MICHAEL S. PINZUR, MD

From the Loyola University Medical Center, May-
wood, Illinois.

Address correspondence to Michael S. Pinzur,
MD, Professor of Orthopaedic Surgery and Rehabili-
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luc.edu.
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COMMENTS AND
RESPONSES

Insuvlin-Sensitive and
Insulin-Resistant
Variants in
Nonobhese Japanese
Type 2 Diabetic
Patients

The role of triglycerides in insulin
resistance

t is well known that two subtypes exist

in Japanese nonobese type 2 diabetic

patients: one with normal peripheral
insulin sensitivity and the other with pri-
mary peripheral insulin resistance (1,2). In
the present study, 70 untreated nonobese
type 2 diabetic patients who visited our
clinic participated. Type 2 diabetes was
diagnosed based on the criteria of the
World Health Organization (3). All sub-
jects ingested at least 150 g of carbohy-
drate for the 3 days preceding the study.
None of the subjects had significant renal,
hepatic, or cardiovascular disease, nor did
they take any medications known to affect

lipid metabolism. The blood was drawn
during the morning after a 12-h fast.
Plasma glucose was measured with the
glucose oxidase method and plasma
insulin was measured with a radioim-
munoassay kit. The total cholesterol, LDL
cholesterol, HDL cholesterol, triglycerides,
and uric acid were also measured. The
estimate of insulin resistance by home-
ostasis model assessment (HOMA-IR) was
calculated with the following formula:
fasting serum insulin (@U/ml) X fasting
plasma glucose (mmol/1)/22.5, as described
by Matthews et al. (4). The HOMA-IR
value of control subjects was 1.6 = 0.9
(mean + SD) and we defined any value
>2.5 (mean + SD of normal control sub-
jects) as an insulin-resistant state and any
value <2.5 as an insulin-sensitive state.
The threshold value for insulin resistance
in our study (i.e., 2.5) was similar to that
(.e., 2.77) reported in subjects with no
metabolic disorders that was reported by
Borona et al. (5). The clinical characteris-
tics and clinical profiles of insulin-sensi-
tive (n = 30) and insulin-resistant (n = 40)
subtypes were compared. No significant
difference was observed in age, sex, fasting
plasma glucose, HbA,., and uric acid lev-
els between the two groups. The patients
with insulin resistance had higher BMI
and higher total cholesterol and LDL cho-
lesterol levels than those with normal
insulin sensitivity, but the difference was
not statistically significant. In contrast, the
patients with insulin resistance had signifi-
cantly higher levels of serum triglycerides
than those with normal insulin sensitivity.
(199.7 + 20.0 vs. 94.2 = 5.0 mg/dl, P <
0.001). HDL cholesterol levels were
significantly lower in type 2 diabetic sub-
jects with insulin resistance (47 + 2 mg/dl)
compared with those with normal insulin
sensitivity (60 + 3 mg/dl, P < 0.001).
There was a positive correlation between
HOMA-IR values and the levels of serum
triglycerides in the patients studied (r =
0.857, P < 0.0001). It is therefore sug-
gested that hypertriglyceridemia, but not
BMI, is associated with insulin resistance
in our nonobese type 2 diabetic patients.
This finding suggests that pharmacological
agents that lower serum triglyceride levels
might improve glucose tolerance in
nonobese type 2 diabetic patients by
reducing insulin resistance. In this regard,
the study by Jones et al. (6) showing that
treatment of patients with type 2 diabetes
with bezafibrate improves not only glu-
cose tolerance but also serum triglyceride
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levels is very interesting. In summary, our
present study demonstrated that non-
obese Japanese type 2 diabetic patients
are divided into two populations: one
with normal insulin sensitivity and the
other with insulin resistance. In addition,
there is a possibility that hypertriglyc-
eridemia per se is associated with insulin
resistance in nonobese Japanese type 2
diabetic populations.
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Insulin Lispro,
Pregnancy, and
Retinopathy

e read with interest the letter titled

“Insulin Lispro and the Develop-

ment of Proliferative Diabetic
Retinopathy During Pregnancy,” by Kitz-
miller et al. (1). We would like to share
our experience in treating pregnant dia-
betic patients with insulin lispro.

Preston Acute Hospital NHS Trust is
situated in the northwestern area of the
UK. and serves a population of 350,000.
We have a combined diabetes and preg-
nancy clinic run by a consultant diabetolo-
gist and obstetrician with their respective
registrars. Every attempt is made to see
the patients before pregnancy to ensure
good glycemic control before conception.
Patients are thereafter seen at least every
2 weeks until the thirtieth week and then
every week until they deliver. Our targets of
blood glucose control are a fasting level
between 4 and 5 mmol/l and a 2-h post-
prandial level between 4 and 7 mmol/l.
Patients are admitted, if necessary, to ensure
smooth glycemic control. Our routine
diabetes care also includes annual retinal
photography. We have analyzed our data on
the possible effect of different types of
insulin on the progression of retinopathy.

We analyzed the data of 30 patients
with diabetes (3 with type 2 and the rest
with type 1) going through 40 pregnan-
cies. They were 24-36 years of age with
duration of diabetes of 2-25 years (mean
15). There were 24 patients seen in the
prepregnancy clinic, who went through
30 pregnancies; 16 pregnancies that were
managed with insulin lispro; 21 that were
managed with regular insulin; and 3 that
were managed with pork Velosulin (they
preferred to stay on animal insulin) as
their short-acting insulin. When they were
seen in the prepregnancy clinic, their
HbA,. was <7% (range 6.2-6.8). In all
three patients with type 2 diabetes, insulin

Letters

lispro was used (lispro was started before
conception in two of these patients, and
after confirmation in the other one, since
she did not attend the prepregnancy
clinic). The main indication for insulin
lispro is patient convenience, since there is
no gap required between injection and
meal. On the whole, six patients with
retinopathy went through nine pregnan-
cles (five with background retinopathy
and four with previously laser-treated
retinopathy) and none worsened. None of
the patients required ophthalmologic
intervention during pregnancy or during
the period immediately postpartum. In the
rest of the patients, there was no retinopa-
thy before, during, or after parturition.
The prevalence of retinopathy was the
same in the lispro and regular groups.

Worsening of retinopathy during
pregnancy is well known, although the
mechanisms are not completely clear. The
factors implicated are preconception con-
trol, fluctuation of glycemic state, hyper-
tension, different growth factors, and oth-
ers (2—4). Kitzmiller et al. (1) found that
three of their type 1 diabetic patients with
no retinopathy who were managed with
insulin lispro developed florid retinopathy,
which required urgent treatment during
pregnancy. It is important to note that in
the second and third patient, the initial
HbA,. was 3.7 and 3.4% above the upper
level of normal laboratory value (which
was not mentioned), which was suggestive
of poor glycemic control. Moreover, the
mid-trimester decline of HbA,. in all of the
three patients was considerable (2.2—
3.6%). In the Diabetes in Early Pregnancy
Study, the two main important factors for
deterioration or development of retinopa-
thy were higher HbA,, at entry and dura-
tion of diabetes >6 years (5). It has been
clearly documented before that deteriora-
tion of retinopathy correlates with the
plasma glucose at entry and the rate of
improvement of glycemic control in the
first 6-14 weeks after entry (6). These two
factors might have been responsible for
the deterioration or development of
retinopathy in the above-cited cases rather
than the type of insulin used.

It is well known that insulin enhances
the action of IGF-1 (7), but that is unlikely
to be different with different types of
insulin. Other than a slightly higher affinity
for the placental membranes, no other dif-
ference in other cell lines using human
insulin and insulin lispro was noticed (8).
Anderson et al. (9) reported their experi-
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ence in using insulin lispro in nonpregnant
adults in whom no increase in incidence of
retinopathy was observed. In summary,
our experience with using insulin lispro in
pregnant diabetic patients does not suggest
any deterioration of retinopathy, in spite of
their long duration (mean 15 years) of dia-
betes. We would, however, recommend
careful pooling of data on the management
of diabetes in pregnancy to obtain a large
enough database for evaluation of the effect
of different types of insulin on retinopathy
during pregnancy.

ARPANDEV BHATTACHARYYA, MD, MRCP (U.K.)
PATRICIA A. VICE, BSC, FRCP

From the Department of Medicine, Division of Dia-
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NHS Trust, Fulwood, Preston, U.K.

Address correspondence to PA. Vice, Consultant
Physician, Preston Acute Hospital NHS Trust, Ful-
wood, Preston, Lancashire, PR2 OHT, U.K.

References

1. Kitzmiller JL, Main E, Ward B, Theiss T,
Peterson DL: Insulin lispro and the devel-
opment of proliferative diabetic retinopa-
thy during pregnancy. Diabetes Care 22:
874-876, 1999

2. Klein BEK, Moss SE, Klein R: Effect of
pregnancy on progression of diabetic
retinopathy. Diabetes Care 13:34-40, 1990

3. Axer-Siegel R, Hod M, Fink-Cohen S,
Kramer M, Weinberger D, Schindel B, Yas-
sur Y: Diabetic retinopathy during preg-
nancy. Ophthalmology 103:1815-1819,
1996

4. Hill DJ, Flyvbjerg A, Arany E, Lauszus FE,
Klebe JG: Increased levels of serum fibro-
blast growth factor-2 in diabetic pregnant
women with retinopathy. J Clin Endocrinol
Metab 82:1452-1457, 1997

5. Chew EY, Mills JL, Metzger BE, Remaley
LA, Jovanovic-Peterson L, Knoop RH,
Conley M, Rand L, Simpson JL, Holmes
LB, Aarons JH, for the National Institute of
Child Health and Human Development
Diabetes in Early Pregnancy Study: Meta-
bolic control and progression of retinopa-
thy: Diabetes in Early Pregnancy Study.
Diabetes Care 18:631-637, 1995

6. Phelps RL, Sakol L, Metzger BE, Jampol
LM, Frenkel N: Changes in diabetic retino-
pathy during pregnancy: correlations with
regulation of hyperglycaemia. Arch Oph -
thal 104:1806-1810, 1986

7. Merimee T: The interface between diabetic
retinopathy, diabetes management, and
insulin-like growth factors. J Clin Endo -
crinol Metab 82:2806-2808, 1997

8. DiMarchi RD, Chance RE, Long HB,
Shields JE, Slieker LJ: Preparation of an
insulin with improved pharmacokinetics

relative to human insulin through consid-
eration of structural homology with
insulin-like growth factor 1. Horm Res 41
(Suppl. 2):93-96, 1994

9. Anderson JH, Brunelle RL, Koivisto VA:
Reduction of postprandial hyperglycemia
and frequency of hypoglycemia in IDDM

patients on insulin-analog treatment. Dia -

betes 46:265-270, 1997

Response fo
Bhattacharyya
and Vice

he interest of Bhattacharyya and Vice
(1) in our observation of three cases
with the development of proliferative
diabetic retinopathy (PDR) during preg-
nancy in a group of 10 diabetic women
with a baseline negative ophthalmologic
examination (2) is appreciated. Since this
observation is quite rare (2,3), we were
concerned to note that the 10 pregnant
type 1 or 2 diabetic women were treated
with insulin lispro. Bhattacharyya and
Vice (1) are correct to emphasize careful
preparation for pregnancy in diabetic
women (4), which unfortunately was not
done in our three cases of rapidly develop-
ing PDR. They reported on 16 pregnancies
in 15 women with type 1 or 2 diabetes
treated with insulin lispro during preg-
nancy. Ten of these women with well-con-
trolled diabetes had negative ophthalmo-
logic examinations before, during, and
after pregnancy, and three with back-
ground diabetic retinopathy and two with
previous laser-treated retinopathy also
showed no progression. To my knowl-
edge, there has been only one previously
reported case of the development of florid
PDR during pregnancy from a baseline
negative ophthalmologic examination (3).
Although the title of that case report
describes a gestational diabetes patient,
the patient described was probably a
woman with undiagnosed type 2 diabetes,
since her initial HbA . was 16.2% (6%).
To date, there have been at least 314
diabetic women reported in the literature
(1-3) with negative initial ophthalmologic
examinations who were treated with stan-
dard insulin, and 1 case developed PDR
during pregnancy. Now, 20 women with
negative initial examinations who were
treated with insulin lispro have been
reported, and 3 developed PDR. To avoid
the trap of anecdotal cases and uncon-

trolled observations seeming to infer a
cause-effect relationship, as noted by
Jovanovic (5) in her invited response to
our observation, further studies are neces-
sary to see if the association of our three
cases of PDR with use of insulin lispro
occured on the basis of chance. With use
of the proportions noted above, a power
calculation indicates that 110 diabetic
women with initial negative ophthalmo-
logic examinations would be required in
each group to have an 80% power of find-
ing a significant difference based on
insulin therapy at the 0.05 level, one-
tailed. I agree with Bhattacharyya and Vice
(1) and Jovanovic (5) that the subgroup of
diabetic women with poor glycemic con-
trol at the onset of pregnancy is at the
highest risk of developing PDR, perhaps
because they may already have undetected
peripheral retinal ischemia. The feasibility
of performing a randomized trial of con-
tinuing standard insulin therapy during
pregnancy versus switching to insulin
lispro or insulin aspart is good even in this
subgroup with evidence of chronic hyper-
glycemia, since most diabetic women in
North America still enter pregnancy with-
out effective preconception care (4). They
are then exposed to rapid intensification of
glycemic control to prevent fetal damage,
usually with days to weeks of wide glucose
excursions (6).

In separate editorials, Merimee (7)
and Chantelau and Kohner (8) discussed
factors that might explain the temporary
worsening of diabetic retinopathy in cases
of chronic hyperglycemia exposed to
intensified glycemic control. They dis-
cussed possible roles of IGF-1 and its
binding proteins (IGFBPs), including
increased circulating IGF-1 with intensifi-
cation of insulin treatment (8). Attia et al.
(9) observed acute reciprocal changes in
free IGF-1 and IGFBP-1 levels with acute
insulin withdrawal of up to 8 h (IGFBP-1
up, IGF-1 down), followed by insulin
replacement for 2 h (IGFBP-1 down,
IGF-1 up) in type 1 diabetic subjects. Mer-
imee (7) stated that “increased intracellu-
lar transport of glucose initiated by levels
of IGF-1 in local tissue beds can result in
cellular hypertrophy and hyperplasia.”
Demonstrated effects of IGF-1 in the eye
include promotion of chemotaxis of reti-
nal endothelial cells, induction of vasodi-
lation, microaneurysm formation, neovas-
cularization (10), enhanced formation of
collagenase, which can dissolve capillary
basement membranes and the collagen
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matrix of the retina (6,10), and stimula-
tion of mitogenesis of human retinal
endothelial cells (11). The latter effect was
enhanced by basic fibroblast growth fac-
tor, which, in pregnant diabetic women,
has been ascribed to placental production
and associated with the development of
PDR (12). Most authors emphasize local
retinal production of IGF-1 and the IGF-
BPs, but Pfeiffer et al. (13) propose that a
breakdown of the blood retina barrier with
influx of serum proteins secondary to
microvascular disturbances and hypoxia is
responsible for the vitreous alterations of
IGF-1 and IGFBPs found in PDR.

Insulin lispro was developed as an
insulin with improved pharmacokinetics
relative to human insulin through con-
sideration of structural homology with
IGF-1 (14).

Bhattacharyya and Vice state that “It is
well known that insulin enhances the
action of IGF-1, but that is unlikely to be
different with different types of insulin”
(1). One wonders about possible differen-
tial effects on the stimulation of IGFBP-3
synthesis by insulin in mixed liver cell cul-
tures (15) and the increased IGFBP pro-
tease activity of pregnancy (16), since, in
some situations, IGFBP-3 may enhance
the cell growth promoting activity of
IGF-1 (17). One wonders about possible
differential insulin effects on inhibition of
IGFBP-1 production by the liver while
increasing IGF-1 production (18) and on
stimulation of IGFBP-1 transport across
the endothelial wall (19), and the fact that
in pregnancy nonphosphorylated forms of
IGFBP-1 have lower affinity for IGF-1 and
more growth stimulatory activity (17).
More research is needed on the possible
effects of insulin analogs on the complex
IGF/IGFBP systems, with and without
pregnancy. Jovanovic (5) stated that
“insulin lispro has the same affinity for the
IGF-1 receptor as human insulin.” Actu-
ally, the affinity of insulin lispro for the
IGF-1 receptor was increased less than
twofold relative to human insulin in stud-
ies at the Lilly Research Laboratories (14).
More recently, Trtib et al. (20) found that
the IGF-1 receptor affinity (HepG2 cells)
of insulin lispro was 141.5% relative to
human insulin and that the IGF-1 receptor
affinity of insulin aspart (B28Asp) was
68.8% relative to human insulin. Never-
theless, the affinity of any type of insulin
for the IGF-1 receptor is ~1,000-fold less
than that of IGF-1, <1% of IGF-1 in cir-
culating blood is in the free form (9), and

free IGF-1 circulates in nanomolar con-
centrations, whereas free insulin circulates
at picomolar concentrations (21).
Jovanovic (5) cites the work of Ander-
son et al. (22) as evidence that controlled
trials of insulin lispro in nonpregnant dia-
betic subjects did not show significant dif-
ferences in the frequency of retinopathy.
However, in my reading of this article
reporting the results of a 6-month ran-
domized multinational clinical trial per-
formed with an open-label crossover
design comparing insulin lispro with regu-
lar human insulin conducted by the Lilly
Research Laboratories in 1,008 type 1 dia-
betic subjects, I noticed that retinopathy
was not mentioned as an outcome variable
or an adverse event (22). It may be likely
that the type of insulin used for intensified
glycemic control has nothing to do with
the rapid development of PDR in pregnant
women with chronic hyperglycemia and
the beginnings of peripheral retinal
ischemia, but we will never know without
properly designed controlled trials.

JounN L. KITZMILLER, MD

From the Division of Maternal-Fetal Medicine, Good
Samaritan Hospital, San Jose, California.

Address correspondence to John L. Kitzmiller,
MD, Good Samaritan Hospital, 2425 Samaritan Dr.,
San Jose, CA 95124. E-mail: kitz@batnet.com.

J.LK. has received honoraria for speaking engage-
ments from Eli Lilly.

References

1. Bhattacharyya A, Vice PA: Insulin lispro,
pregnancy, and retinopathy. Diabetes Care
22:2101-2102, 1999

2. Kitzmiller JL, Main E, Ward B, Theiss T,
Peterson DL: Insulin lispro and the devel-
opment of proliferative diabetic retinopa-
thy during pregnancy. Diabetes Care 22:
874-876, 1999

3. Hagay ZJ, Schachter M, Pollack A, Levy R:
Development of proliferative retinopathy
in a gestational diabetes patient following
rapid metabolic control. Eur ] Obstet
Gynecol Reprod Biol 57:211-213, 1994

4. Kitzmiller JL, Buchanan TA, Kjos S,
Combs CA, Ratner RE: Technical Review:
Pre-conception care of diabetes, congenital
malformations, and spontaneous abor-
tions. Diabetes Care 19:514-541, 1996

5. Jovanovic L: Retinopathy risk: what is
responsible? Hormones, hyperglycemia,
or Humalog? (Commentary) Diabetes Care
22:846-848, 1999

6. Kitzmiller JL, Gavin LA, Gin GD,
Jovanovic-Peterson L, Main EK, Zigrang
WD: Preconception care of diabetes:
glycemic control prevents excess congenital

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Merimee T: Editorial:

Letters

malformations. JAMA 265:731-736, 1991
The interface
between diabetic retinopathy, diabetes
management, and insulin-like growth fac-
tors. J Clin Endocrinol Metab 82:2806—
2808, 1997

. Chantelau E, Kohner EM: Why some cases

of retinopathy worsen when diabetic con-
trol improves. BMJ 315:1105-1106, 1997

. Attia N, Caprio S, Jones TW, Heptulla R,

Holcombe ]J, Silver D, Sherwin RS, Tam-
borlane WV: Changes in free insulin-like
growth factor-1 and leptin concentrations
during acute metabolic decompensation in
insulin withdrawn patients with type 1
diabetes. J Clin Endocrinol Metab 84:2324—
2328, 1999

Grant MB, Mames RN, Fitzgerald C, Ellis
EA, Aboufrieka M, Guy J: Insulin-like
growth factor-1 acts as an angiogenic agent
in rabbit cornea and retina: comparative
studies with basic fibroblast growth factor.
Diabetologia 36:282-291, 1993

Giannini S, Cresci B, Ciucci A, Pala L,
Manuelli C, Franchini A, Rotella CM:
IGFBP-4/IGFBP-5 ratio regulates the
IGF-1 effects on human retinal endothelial
cells (HREC) (Abstract). Diabetologia 41
(Suppl. 1):A18, 1998

Hill DJ, Flyvbjerg A, Arany E, Lauszus FE
Klebe JG: Increased serum levels of serum
fibroblast growth factor-2 in diabetic preg-
nant women with retinopathy. J Clin
Endocrinol Metab 82:1452-1457,1997
Pfeiffer A, Spranger J, Meyer-Schwickerath
R, Schatz H: Growth factor alterations in
advanced diabetic retinopathy: a possible
role of blood retina barrier breakdown.
Diabetes 46 (Suppl. 2):526-S30, 1997
DiMarchi RD, Chance RE, Long HB,
Shields JE, Slieker LJ: Preparation of an
insulin with improved pharmacokinetics
relative to human insulin through consid-
eration of structural homology with
insulin-like growth factor-1. Horm Res 41
(Suppl. 2):93-96, 1994

Scharf ]G, Ramadori G, Braulke T, Hart-
mann H: Cellular localization and hor-
monal regulation of biosynthesis of
insulin-like binding proteins and of the
acid-labile subunit within rat liver. Prog
Growth Factor Res 6:175-180, 1995
Guidice LC, Farrell EM, Pham H, Lamson
G, Rosenfeld RG: Insulin-like growth fac-
tor proteins in maternal serum throughout
gestation and in the puerperium: effects of
a pregnancy-associated serum protease
activity. J Clin Endocrinol Metab 71:806—
816, 1990

Collett-Solberg PE Cohen P: The role of
the insulin-like growth factor binding pro-
teins and the IGFBP proteases in modulat-
ing IGF action. Endocrinol Metab Clin North
Am 25:591-614, 1996

Brismar K, Fernqvist-Forbes E, Wahren J,
Hall K: Effect of insulin on the hepatic pro-

DIABETES CARE, VOLUME 22, NUMBER 12, DECEMBER 1999

2103

520z Aen 0z uo 1senb Aq pd'GG8/8501/6.5671/2602/Z L /z/Pd-8lonie/eied/b10 sjeunofseieqelp;/:dpy wody pepeojumoq



Letters

duction of insulin-like growth factor-bind-
ing protein-1 (IGFBP-1), IGFBP-3, and
IGF-1 in insulin-dependent diabetes. J Clin
Endocrinol Metab 79:872-878, 1994

19. Bar RS, Boes M, Clemmons DR, Busby
WH, Sandra A, Dake BL, Booth BA:
Insulin differentially alters transcapillary
movement of intravascular IGFBP-1,
IGFBP-2 and endothelial cell IGF-binding
proteins in rat heart. Endocrinology 127:
497-499, 1990

20. Trub T, Hey A, Sorensen AR, Schaffer L,
Drejer K, Kurtzhals P: Growth promoting
activity of insulin aspart and other insulin
analogues (Abstract). Diabetologia 42
(Suppl. 1):A179, 1999

21. Le Roith D: Insulin-like growth factors.
N Engl ] Med 336:633-640, 1997

22. Anderson JH Jr, Brunelle RL, Koivisto VA,
Pfutzner A, Trautmann ME, Vignat L,
DiMarchi R, and the Multicenter Insulin
Lispro Study Group: Reduction of post-
prandial hyperglycemia and frequency of
hypoglycemia in IDDM patients on
insulin-analog treatment. Diabetes 46:265—
270, 1997

Impaired Fasting
Glucose Is Not a
Risk Factor for
Cardiovascular
Mortality

n the June 1999 issue of Diabetes Care,

Tominaga et al. (1) concluded that

impaired glucose tolerance, but not
impaired fasting glucose (IFG), is a risk fac-
tor for cardiovascular disease. This conclu-
sion was based on the mortality of a cohort
of Japanese people over a follow-up period
of 4-6 years, with use of both the World
Health Organization and the American Dia-
betes Association criteria for the diagnosis
of glucose tolerance classes. The IFG group
experienced three deaths per 832 person-
years of observation. The odds ratio of this
group compared with that of the normal
glucose tolerance group was 1.32 with an
extremely wide 95% Cl (0.012-140.91),
suggesting that the power to detect a
significant association between IFG and
mortality was very low (type 11 error).

The role of fasting glucose on cardio-
vascular mortality has been recently
reported. Bjernholt et al. (2) described the
excess risk of cardiovascular deaths in
nondiabetic men in the upper normal
range of fasting blood glucose, and Balkau
et al. (3) found a linear relationship

between death from coronary heart dis-
ease and fasting blood glucose levels. If
these observations were valid, namely, that
the risk of cardiovascular death increases
with increasing fasting blood glucose, one
would expect that people in the IFG cate-
gory would be at a higher risk than those
in the normal fasting glucose category.

It is possible that the lack of associa-
tion found by Tominaga et al. in the Funa-
gata Diabetes Study is due to a relatively
short follow-up period of the IFG group,
combined with the low incidence of car-
diac deaths, which is a well-known fact in
the Japanese population.

Without challenging the value of the
2-h blood glucose levels as a predictor of
cardiovascular mortality, it is premature to
deny the role of IFG based on the pre-
sented data.
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A Drug Interaction
Between
Troglitazone and
Simvastatin

ince its approval in 1997, troglitazone
has been considered one of the more
recent advances in the treatment of
type 2 diabetes. Troglitazone is a member
of the thiazolidinediones, a class separated

from the other oral antidiabetic agents such
as sulfonylureas, a-glucosidase inhibitors,
and biguanides by its distinct pharmacol-
ogy. Troglitazone decreases insulin resis-
tance, which is thought to be the underly-
ing pathophysiology of type 2 diabetes, by
improving insulin sensitivity in peripheral
tissues (1). It also inhibits hepatic gluco-
neogenesis, thus decreasing hepatic glu-
cose production (2). In addition to its
insulin-sensitizing ability, troglitazone
appears to have lipid-lowering effects by
inhibiting the synthesis and enhancing the
clearance of triglycerides (3).

Limited studies are available to provide
data on the drug interaction profile of
troglitazone. Human in vivo drug interac-
tion trials have indicated that troglitazone,
at clinically relevant doses, behaves as an
inducer of the CYP3A4 enzyme (4). This
conclusion is further supported by the doc-
umented interaction of troglitazone with
both oral contraceptives and terfenadine.
Co-administration of troglitazone with oral
contraceptives and terfenadine can decrease
the plasma concentration of oral contracep-
tives and terfenadine by ~30 and 50-70%,
respectively (4,5). To date, there are no
published studies evaluating the signifi-
cance of interaction between troglitazone
and other drugs that are also metabolized
by CYP3A4. The majority of HMG-CoA
reductase inhibitors, including simvastatin,
are metabolized by CYP3A4, whereas
pravastatin is believed to be metabolized by
isoenzymes other than CYP3A4 (6).

A retrospective analysis was con-
ducted to evaluate a possible drug interac-
tion between troglitazone and simvastatin.
This was a subgroup analysis of the
Pravastatin to Simvastatin Conversion-
Lipid Optimization Program (PSCOP) that
was in progress 2 years earlier (7). The
program was designed with the goal of
increasing the percentage of patients meet-
ing their LDL cholesterol goal based on
National Cholesterol Education Panel
guidelines. Instead of initiating the simvas-
tatin dosage according to the dose equiva-
lency of two drugs, it was determined by
the lipid profile and coronary artery dis-
ease risk factors of the individual patient.

The retrospective analysis identified
344 diabetic patients from 1,115 patients
in the original PSCOP. These diabetic
patients were further divided into two
groups: the troglitazone group, which
included 21 patients who were treated
with troglitazone before and after the con-
version; and the nontroglitazone group,
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which included 323 patients who were
not treated with troglitazone. Additionally,
a two-to-one (two nontroglitazone patients
to one troglitazone patient) matching
process was performed in an effort to con-
trol for the effect of age and weight, which
identified 42 patients. The matching crite-
ria for age and weight were + 3 years and
+ 4.5 kg, respectively.

Pravastatin and simvastatin doses were
not significantly different between the
troglitazone and the nontroglitazone
patient groups; the mean doses of pravas-
tatin and simvastatin were 24-27 and
21-22 mg, respectively. There were signifi-
cant percentage reductions in total and LDL
cholesterol levels after antihyperlipidemic
medications were changed from pravastatin
to simvastatin in the nonmatched (—6.4
and —10.2%, respectively; P < 0.001) and
matched nontroglitazone (—6.6 and
—11.8%, respectively; P < 0.05) groups.
However, no significant reductions in total
(—2.7%; P =0.32) and LDL (—1.3%; P =
0.65) cholesterol were observed in the
patients receiving troglitazone. The per-
centage of patients meeting their LDL cho-
lesterol goal increased in both nonmatched
(48-65%; P < 0.001) and matched non-
troglitazone (52-69%; P = 0.13) patient
groups after converting to simvastatin;
however, the increase was significant only
in the nonmatched group. Nine (42%) of
the patients treated with troglitazone met
their LDL cholesterol goal while on pravas-
tatin and only eight (38%) after the conver-
sion to simvastatin (P = 1.0).

Our retrospective analysis compared
lipid profiles before and after conversion
from pravastatin to simvastatin in diabetic
patients who were treated with and with-
out troglitazone. Because the mean doses
of pravastatin and simvastatin were simi-
lar, one would expect an additional per-
centage reduction (11%) in LDL choles-
terol after changing pravastatin to simvas-
tatin (8,9). However, this was evident only
in the patients who were not treated with
troglitazone. Moreover, after these patients
were matched according to age and weight
with the troglitazone patients, the reduc-
tions in total and LDL cholesterol were still
significant. In addition, the percentage of
patients meeting their LDL cholesterol
goal after converting to simvastatin
increased in both nontroglitazone groups.
One potential explanation for the reduced
lipid-lowering effect of simvastatin in the
patients also taking troglitazone is
enhanced enzyme-induced metabolism of

simvastatin. This induction in metabolism
by troglitazone is likely to be more pro-
nounced with simvastatin than with
pravastatin since CYP3A4 is the main
metabolism isoenzyme for simvastatin,
and troglitazone is known to induce
CYP3A4 (4,6). Pravastatin has been
shown to exhibit some affinity for CYP3A4
(10), even though CYP3A4 may not be the
primary isoenzyme involved in its metab-
olism. Although retrospectively observed,
this interaction between troglitazone and
simvastatin is likely to be clinically rele-
vant and has not been previously reported.
On the basis of the results from this
retrospective analysis, we recommend
additional monitoring of lipid profiles
when troglitazone and simvastatin are
used concomitantly. Higher simvastatin
dosage may be required owing to the pos-
sibility that troglitazone may induce the
metabolism of simvastatin, thus diminish-
ing some lipid-lowering effects of simvas-
tatin. To confirm this drug interaction and
provide more definite information, a
prospective trial is perhaps necessary.
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Response to Lin
and Ito

Effect of troglitazone on
atorvastatin pharmacokinetics
and pharmacodynamics

he letter by Lin and Ito (1) raises the

possibility of an interaction between

troglitazone and simvastatin. We
would like to add further information rele-
vant to the discussion of interactions
between HMG-CoA reductase inhibitors
and troglitazone. In vitro studies have
shown that various CYP isozymes, includ-
ing CYP3A4, are involved in the metabo-
lism of HMG-CoA reductase inhibitors
(2-4). Currently available data indicate that
troglitazone likely induces CYP3A4 activity
(5,6). A prospective crossover study was
conducted to evaluate the effect of troglita-
zone on the pharmacokinetics and pharma-
codynamics of atorvastatin, which is a sub-
strate of CYP3A4 (7). Although troglitazone
moderately reduced the plasma area under
the curve of atorvastatin by 33%, changes
in lipids (triglyceride and total, LDL, and
HDL cholesterol levels) were similar after
administration of atorvastatin alone and
after administration of atorvastatin with
troglitazone (8). Therefore, we concur with
Lin and Ito that a prospective clinical study
might be helpful in clarifying the signifi-
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cance of a possible troglitazone-simvastatin
drug-drug interaction.
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