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OBSERVATIONS

Acceptability of Pig
Xenografts by
Patients With Type 1
Diabetes and the
General Population

species would be transgressed, raising

the issue of the “social” acceptability
of xenografts, particularly those from pigs
(1). A few studies, mainly carried out in the
U.S. and Australia, have considered this
aspect relative to the general population
(2,3), nurses (4), and patients awaiting
renal or heart allografts (5). No study of this
type has been published in Europe, and no
effort has been made to compare accept-
ability by patients who may receive
xenografts with that of the general popula-
tion. Type 1 diabetes is potentially curable
through the use of a graft of pig islets,
which has been performed in preliminary
fashion (6). Our group is involved in the
study of xenografts of pig islets (7-11), and
we developed a survey on the acceptability
and main reasons for reluctance to receive
xenografts in 377 adult type 1 diabetic
patients according to World Health Organi-
zation criteria (169 men, 208 women; age
47.2 + 0.8 years; duration of diabetes 18.2
+ 0.6 years) and to determine whether
acceptability and reasons for reluctance dif-
fered from 697 adult subjects (298 men,
399 women; age 42.0 + 0.6 years) repre-
sentative of the French general population
according to data from the National Insti-
tute of Economic and Statistical Informa-
tion. We are grateful to Michel Marre (Dia-
betology Department, Angers Hospital,
Angers, France) and the Association
Francaise des Diabétiques for recruiting the
patients. Individuals were assured of confi-
dentiality and were requested to give their
voluntary consent. All solicited subjects
answered the oral questionnaire. The oral
questionnaire, consisting of 12 items
approved by the ethics committee, aimed to
assess the acceptability of the general con-
cept of a graft, acceptability of a xenograft,
evaluation of the different animal species
considered as potential donors, and specific
evaluation of the pig. The questions were
asked without comment from the investiga-
tor and in the absence of a diabetologist.
The replies were recorded in the order of

D uring xenografts, the barrier between

the questions without any possibility of
reconsidering a previous reply. Most ques-
tions had five possible answers (“yes,”
“probably,” “no,” “probably not,” or “no
opinion”), allowing quantification of the
percentage of individuals accepting (“yes”
or “probably”) or refusing (“no” or “proba-
bly not™) the proposal and comparison of
percentages in the general population and
diabetic patients using x2 analysis. Ques-
tions about the rating of animal species
preferred for xenografts consisted of replies
scored from O to 5, which provided a mean
score + SEM in the population studied,
allowing comparison of scores in the gen-
eral population and diabetic patients with
use of the Students t test. Most of the par-
ticipants (97%) in our survey were
Catholic. Those from other religions were
too few (Muslims, 1.9%; Jews, 1.0%) to
allow analysis of differences in replies rela-
tive to religion (2).

In the general population, 96% of sub-
jects were willing to accept an organ graft
before any allusion was made to xenografts.
Of these individuals, 54% would accept an
animal graft (Fig. 1A). Among subjects who
had initially expressed reluctance to accept
xenografts, the main reasons for reluctance
to accept a xenograft were compared with
those for reluctance to accept a graft in gen-
eral. The percentage of individuals who
expressed reluctance because of the risk of
disease transmission was very similar for a
xenograft (23.5%) and a graft in general
(23.0%). However, more subjects consid-
ered risks “not yet identified” more dissua-
sive for a xenograft than for a graft in gen-
eral (31.4 vs. 12.0%, respectively; P <
0.001). The subjective notion of “living
with an organ from another being” was
more frequently mentioned for a xenograft
than for a graft in general (24.3 vs. 9.9%,
respectively; P < 0.0001). Figure 1B indi-
cates what subjects among the general pop-
ulation willing to accept xenografts said
when asked, “If you were to receive an
organ graft, rate the donor species by order
of preference.” After human, the monkey,
pig, dog, and cow were ranked from most
to least desirable. Two other independent
complementary questions were intended to
clarify the evaluation of the pig as potential
donor. Figure 1C shows that 34% of sub-
jects specified the pig in replying to the
question, “Would you refuse a graft from
any of the species?” Finally, 84% of subjects
willing to accept an animal graft replied
favorably to the question, “Are you willing
to accept a graft from a pig?”

The percentage of diabetic patients
willing to accept an organ graft (90%) was
not statistically different from that for the
general population. Of these patients, 64%
were favorable to receiving a xenograft (Fig. 1A),
which was significantly higher than the
percentage in the general population (P <
0.001). Among those subjects who had ini-
tially expressed reluctance to accept
xenografts, the percentage of diabetic
patients who directly expressed reluctance
because of the risk of disease transmission
by an organ graft was higher for a xenograft
than for a graft in general (30 vs. 23%,
respectively; P < 0.03). The risk of disease
transmission by a xenograft was thus more
frequently recognized by diabetic subjects
than by the general population (P < 0.02),
whereas both populations reacted similarly
to the risk of disease transmission by a graft
in general. Risks “not yet identified” were
considered by more patients for a xenograft
than for a graft in general (34.0 vs. 23.8%,
respectively; P < 0.002). The objection to
“living with the organ of another being”
was less frequent (P < 0.01) for a xenograft
among diabetic patients (17.5%) than the
general population (24.3%). This notion
was more frequently regarded by diabetic
patients as a reason for reluctance to accept
a xenograft than a graft in general (17.5 vs.
8.6%, respectively; P < 0.0001). Diabetic
patients ranked the pig in second position
as donor species (Fig. 1B)—before the
monkey—so that the mean rank of classifi-
cation for the pig was significantly higher
than in the general population (3.34 £ 0.12
vs. 2.69 £ 0.07, P < 0.0001). Consistently,
in replying to the question, “Would you
refuse a graft from any of the species?”’
(Fig. 1C), diabetic patients were less insis-
tent than the general population in refusing
a pig graft (21 vs. 34%, respectively; P <
0.0001). When people were asked, “What
sort of reluctance would you have to accept
a pig graft?” the notion that the pig is “too
different from man” was less often indi-
cated by diabetic patients than by the gen-
eral population (17.9 vs. 29.7%, respec-
tively; P < 0.002). The absence of reluc-
tance to accept a pig graft was more
frequently cited by diabetic patients (P <
0.002). No correlation was found between
the duration of diabetes or the presence of
complications to diabetes and acceptability
of a xenograft in general or from a pig in
particular. The percentage of individuals
indicating that they had already heard
about the possibility of xenografts did not
differ significantly for diabetic patients
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Figure 1—A: Replies of 697 individuals from the general population and 377 type 1 diabetic patients to the question, “Would you be willing to accept a
graft from an animal?” Results indicate the percentages of subjects accepting (“yes” or “probably”) or refusing (“no” or “probably not”) the possibility of
receiving a xenograft, or undecided (“no opinion”). *P < 0.001, acceptability greater among diabetic patients. B: Replies to the question, “If you were to
receive an organ graft, rate the donor species by order of preference.” Results represent the means + SEM of individual acceptability scores. *P < 0.0001,
with higher pig acceptability for diabetic patients. C: Replies to the question, “Would you refuse a graft from any of the species?” Results are the percentages
of individuals who refuse each species. *P < 0.0001, with lower refusal of pig by diabetic patients.

(67%) and the general population (63%)
and was higher for those willing to accept
than refuse an animal graft (P < 0.01). Dia-
betic patients and the general population
were similarly convinced (63 vs. 69%,

respectively) that additional information
might change their replies.

In conclusion, the possibility of receiv-
ing xenografts of pig tissues is rather well
accepted by the general French population.

The data of our study also indicate that the
information currently available to the pub-
lic is limited, and that more information
might increase xenograft acceptability The
level of acceptability in our survey is lower
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than that reported (66%) in a previous
study (4) that comprised selected subjects
(health professionals). A study comprising a
less narrowly defined population (2) found
results (51%) comparable to ours. Among
the reasons for reluctance in the general
population, the risk of disease transmission
to a recipient was not considered to be
higher for a xenograft than for a graft in
general, whereas the risk of transmitting an
infectious agent from the donor animal to
the human recipient is the major objection
among the scientific community. However,
risks “not yet identified” (which, for some
individuals, may have included unidenti-
fied infectious risks) were more frequently
cited for a xenograft than for a graft in gen-
eral. This fear of unidentified risks related
to the use of products of animal origin
could have been recently accentuated by
the possible transmission to man of the pri-
ons responsible for mad cow disease.
Among the animal species proposed as
potential graft donors, the general popula-
tion ranked the monkey just after man.
However, for ethical and sanitary reasons,
scientific consensus excludes the monkey
as a donor, preferring the pig. In the general
population, the pig was ranked after the
monkey as a potential donor. The accept-
ability of pig grafts is thus satisfactory, con-
sidering the lack of information on this sub-
ject and the negative image of the pig in the
human subconscious.

It is noteworthy that diabetic patients
were more receptive to the possibility of a
xenograft than the general population was.
However, diabetic patients were more
aware than the general population of the
specific risks inherent in a xenograft. They
more frequently considered risks of disease
transmission or risks “not yet identified” in
the case of a xenograft than of a graft in
general. Thus, the existence of a chronic
disease makes type 1 diabetic patients
more willing to overcome their reluctance,
even with respect to sanitary and unidenti-
fied risks, and accept a xenograft. This may
be explained, at least in part, by a higher
familiarity and acceptance of medical pro-
cedures in general by diabetic patients. Itis
also noteworthy that diabetic patients were
more favorable to the possibility of receiv-
ing a pig xenograft. Among the species
proposed as potential donors, the pig was
more often chosen by diabetic patients
than by the general population. Consis-
tently, diabetic patients indicated less fre-
quently that they would refuse an organ
from a pig. Diabetic patients were thus also

more willing than the general population
to overcome their reluctance in relation to
a pig graft. They may have been more
accustomed to the idea of using products
of porcine origin for medical purposes
because of their familiarity with pig
insulin. However, patients with a longer
history of diabetes or complications were
not more “desperate” to receive a xenograft
in general or a pig graft in particular than
those with a short history of diabetes or no
complications. It would seem advisable to
consider the opinions of the patients who
may receive xenografts. However, the deci-
sion to perform a xenograft, particularly of
pig islets for type 1 diabetes (for which the
benefit/risk ratio is not particularly favor-
able), should not be decided simply on the
basis of the expectations of possible recipi-
ents, even though they are more aware
than the general population (but certainly
not more aware than the scientific commu-
nity) of the sanitary risks relating to a
xenograft. A serious effort is needed to
ensure international coordination in
assessing the infectious risks associated
with xenografts.
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Can Enterovirus
Infections Explain
the Increasing
Incidence of

Type 1 Diabetes?

n increasing incidence of type 1 dia-
Abetes has been reported from many

countries, but the reason for this is
not known. In Finland, the incidence is
now twice as high as it was 30 years ago,
and it is currently the highest in the world
(1,2). We introduce here a new hypothesis
implying that this increase could be
caused by changing epidemiology of
enterovirus infections, one of the major
candidates for environmental triggers of 8-
cell damage (3-8). We tested our hypothe-
sis by comparing the temporal trends in
the incidence of type 1 diabetes in Finland
with those observed in the frequency of
enterovirus infections in the background
population.

Incidence data for type 1 diabetes
were obtained from the central drug regis-
ter of Social Insurance Institution as pre-
viously described (1). The incidence of
enterovirus meningitis was analyzed in
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children aged 0-14 years living in the
hospital district of the Tampere University
Hospital. Incidence cases were identified
from the hospital case records according
to the following criteria: typical symp-
toms of aseptic meningitis (headache,
fever, nausea, meningeal signs, or
anorexia as well as irritability in infants)
together with =10 leukocytes/mm?3 of
cerebrospinal fluid. Cases with confirmed
bacterial or other nonenteroviral infec-
tions (like parotitis) were excluded. These
criteria were based on traditional clinical
and laboratory techniques, which have
not changed during the study period (like
bacterial and viral cultures). The rate of
enterovirus exposure in the background
population was evaluated by measuring
1gG class antibodies against two entero-
virus antigens (purified Coxsackievirus
B4 and a synthetic peptide) from serum
samples taken from pregnant women dur-
ing one day in July in the years 1983,
1989, and 1995 as a part of the national
infectious screening program as previ-
ously described (6). The number of
women was 232, 240, and 243, and their
mean age (£ SD) was 27 £ 5.5, 28 + 5.1,
and 29 + 5.6 years, respectively.

The incidence of type 1 diabetes
increased linearly during the study
period from 21.9 per 100,000 in
1966-1969 to 43.0 in 1995-1997 (p for
trend P < 0.001). This increase was evi-
dent in all age-groups, and it was
strongest in the youngest children (from
11.7 to 29.7 in children 0-4 years old) as
described earlier (2).

An opposite trend was observed in the
incidence of enterovirus meningitis. It
decreased linearly from 16.8 in 1980-1984
to 12.0 in 1985-1989 and 8.7 in
1990-1994 (P < 0.001). However, in the
very young infants (<6 months old),
whose protection against infections is based
on maternal transplacentally acquired anti-
bodies, no decrease was found. In fact, their
proportion increased from 12% (8 of 65) in
1980-1984 to 29% (10 of 34) in
1990-1994 (P < 0.05). The seasonal distri-
bution of cases (peak between July and
November) and the predominance of boys
(male-to-female ratio 1:8) were both typical
for enterovirus meningitis.

The same kind of decrease was found
in enterovirus antibody levels in pregnant
women (P < 0.001 in analysis of vari-
ance). The proportion of women lacking
antibodies to purified Coxsackievirus B4
increased from 6% in 1983 to 10% in

1989 and 17% in 1995 (P < 0.001) and
that lacking enterovirus peptide antibodies
increased from 13 to 28 and 42%, respec-
tively (P < 0.001).

The results suggest that the frequency
of enterovirus infections has rapidly
decreased in the Finnish population. We
propose that this epidemiological change
could explain the increasing incidence of
type 1 diabetes. The reason is that an
increasing proportion of infants and
fetuses is infected when they lack protec-
tive maternal antibodies and are therefore
prone to complications like meningitis
and B-cell damage. This could also explain
the observations indicating higher inci-
dence of type 1 diabetes in rural than in
urban areas as low population density is
associated with low transmission rate of
enteroviruses. This was found also in the
present study, since the frequency of
seronegative mothers in rural areas (20
inhabitants per km? or less) was 29% (61
of 213) compared with 21 % (106 of 502)
in suburban or urban areas (P < 0.05).

Interestingly, the epidemiology of par-
alytic poliomyelitis, a well-known entero-
virus disease, has followed the same kind
of epidemiological pattern. Poliovirus
infections used to be endemic, but their
transmission (fecal-oral route) decreased
rapidly toward the end of the 19th century
as the standard of living improved. At the
same time, the incidence of paralytic com-
plications paradoxically increased. The
basis for this phenomenon was a delay in
the age of the initial infection; some chil-
dren were not exposed to polioviruses
until later in childhood when they were
protected no more by maternal antibodies
and thus were more severely affected by
the infection (9).

Accordingly, we propose that there is
an analogy between the epidemiology of
poliomyelitis and type 1 diabetes. In both
instances, a dramatic decrease in the fre-
quency of enterovirus infections has led to
a new epidemiological situation favorable
for the frequent occurrence of complica-
tions, such as poliomyelitis or B-cell
autoimmunity. This may have happened
by two mechanisms which do not exclude
each other: 1) decreased antibody levels in
pregnant mothers can no longer protect
the fetus or newborn; and 2) infants
acquire their first enterovirus infections at
an older age when protective maternal
antibodies have already disappeared. This,
in turn, would lead to the observed
increase in the incidence of type 1 dia-
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betes, which is particularly acute in the
youngest age groups. This hypothesis is
testable and should be evaluated in other
countries than Finland.
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The
Insulin-Plus-Sugar
Method for
Controlling
Recently Diagnosed
Type 2 Diabetes
Without
Hypoglycemia

=mmhe blood glucose test accurately
defines the glycemic level. In recently
diagnosed type 2 diabetes, the 2-h
postmeal urine glucose (2hug) and the
bedtime urine glucose (btug) tests, when
negative or 0.1% for glucose, indicate the
possibility of hypoglycemia developing
before the next meal or during the night,
respectively, while the concurrent blood
glucose values may still be hyperglycemic
or normoglycemic (1).

The insulin-plus-sugar method for
treatment of recently diagnosed type 2 dia-
betes uses the 2hug test to determine the
need for both sugar supplementation and
insulin dose adjustment and the concur-
rent blood glucose values to determine the
amount of such adjustments. The premeal
blood and urine glucose values are not used
in insulin dose adjustments and may serve
as guides in the sugar dose adjustment.

Insulin is administered below esti-
mated requirements as NPH and regular
before breakfast, regular before lunch, and
NPH and regular before supper. Other
insulins can be substituted. Subsequently,
each insulin dose is increased daily until
one negative or 0.1% 2hug value mani-

fests, which usually occurs within 1 week.
This development may also occur while
the concurrent blood glucose level is still
hyperglycemic. The negative or 0.1%
2hug value signals that a maximal insulin
requirement will be reached within 1-3
days and that insulin dose adjustments
should be lessened.

A negative or 0.1% 2hug value occurs
at a time when both the glucose-raising
component of the meal is already used and
the previous premeal dose of regular insulin
is near its peak level of activity. Thus, a neg-
ative or 0.1% 2hug value calls for the fol-
lowing two concurrent actions, even when
in the presence of concurrent hypergly-
cemia: 1) oral sugar, which is substituted for
all snacks, is administered, usually in doses
of 8 g for a negative testand 4 g for a 0.1%
test; and 2) the insulin doses that cover that
particular test period are reduced, usually
by 1-2 U, on the next day. The combination
of the two actions prevents hypoglycemia
and iatrogenic hyperinsulinemia; yet, these
changes are too small to cause hypergly-
cemia (2). In early type 2 diabetes, negative
or 0.1% 2hug and btug values will continue,
predictably, on succeeding days, and the
development of normoglycemia will ensue.
Thus, daily insulin reductions will continue
until a zero insulin requirement is reached
within 2 months.

The patients are allowed their usual
diet except for a reduction in refined sug-
ars and total and saturated fats. Weight
loss through reduced caloric intake and
increased exercise is encouraged through-
out the treatment period, but weight loss
is most emphatically encouraged after a
zero insulin requirement is reached. These
actions cannot, by themselves and at the
zero insulin stage, cause either hypogly-
cemia or hyperglycemia, although they
can increase insulin reserve capacity (3,4).

Case reports

Case 1. A 57-year-old African-American
woman was hospitalized for diabetes 6 months
before the initiation of treatment with the
insulin-plus-sugar method. After the
patient was discharged from the hospital,
her insulin requirements were 23 U of
NPH insulin before breakfast and 10 U of
NPH insulin before dinner. She was also
taking an ACE inhibitor and a diuretic for
the previous 2 years for hypertension. Her
weight was 230 Ibs.; her height was
5'41/2"; her BMI was 41.4; and her blood
pressure was 150 over 90. She was able to
read four lines without glasses and nine

lines with glasses on the Snellens eye
chart. The insulin schedule of the patient
was changed to 8 U of NPH insulinand 7 U
of regular insulin before breakfast, 4 U of
regular insulin before lunch, and 7 U of
NPH insulin and 7 U of regular insulin
before dinner for the same total of 33 U of
insulin per day. When the 2hug or btug
value was negative, 8 g of sugar was pre-
scribed; when the 2hug or btug value was
0.1%, 4 g of sugar was prescribed. Her
urine tests and premeal and 2-h postmeal
levels became consistently negative, which
necessitated glucose supplementation and
daily reductions in her insulin dosage. At
3 weeks, she was down to a zero insulin
requirement. Her blood pressure was 110
over 70 without the diuretic, and she
could read all 11 lines on the Snellen’ eye
chart. Her blood glucose levels ranged
from 85 to 123 mg/dl.

Case 2. A 42-year-old African-American
man had a body weight of 203 Ibs., a height
of 510", and a BMI of 30. He was highly
symptomatic for the previous 2 weeks before
treatment with the insulin-plus-sugar
method. His blood glucose level was 400
mg/dl. His eyesight was blurry, and he could
not see well enough to drive. He was started
on 32 U of regular insulin and NPH insulin
in three divided doses, with sugar supple-
mentation for negative or 0.1% 2hug and
btug values. All of his urine tests quickly
turned negative, and his insulin doses were
reduced daily, despite fasting blood sugars
that ranged from 124 to 211 mg/dl during
the first week of treatment. At 2 weeks, he
was down to a zero insulin requirement. His
spot blood sugar was 85 mg/dl, his eyesight
was 20/20, and his weight was 202 Ibs.
Over the course of the next year, he lost 12
Ibs. in weight and his spot blood glucose
values ranged from 79 to 94 mg/dl.

Case 3. A 25-year-old morbidly obese Cau-
casian man weighed 500 Ibs. His height
was 57" and his BMI was 78.5. He was very
symptomatic for the 3 weeks before the ini-
tiation of treatment with the insulin-plus-
sugar method. He had heavy ketonuria,
and he refused hospitalization. On day 1 of
treatment, he was started on 120 U of regu-
lar insulin and NPH insulin in three divided
doses. He reached a peak insulin require-
ment of 247 U on the 11th day. After 45
days, he reached a zero insulin require-
ment. After 1 year, he underwent open
heart surgery for a congenital abnormality
and still did not require any medication for
his diabetes. The initial increases in the
insulin dosage were 5 U per dose and were

416

DiABETES CARE, VOLUME 23, NUMBER 3, MARCH 2000



1 U per dose on the 11th day. Similarly, the
initial dose reductions were 5 U per dose,
and they were gradually brought to 1 U per
dose. His initial doses of sugar supplements
were 32 g per dose. These were gradually
reduced to zero when he was taking 2 U of
insulin per dose, because hypoglycemia
does not occur in early type 2 diabetes at
individual doses of 2-3 U.

The insulin-plus-sugar method, when
used to control hyperglycemia while
avoiding hypoglycemia, attains glycemic
control and a zero insulin requirement in
recently diagnosed type 2 diabetes.
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Increased
Spontaneous
Adherence of
Neutrophils From
Type 2 Diabetic
Patients With Overt
Proteinuria

Possible role of the progression of
diabetic nephropathy

t has been reported that diabetic patients
show various neutrophil dysfunctions.
Increased susceptibility to bacterial
infections observed in diabetic patients
may be attributed to impaired phagocyto-

sis or bactericidal activity, whereas
increased release of oxygen radicals, such
as superoxide anion (O,~), might damage
endothelial cells and accelerate the pro-
gression of diabetic microangiopathy
(1-3). In fact, it has been reported that
neutrophils from diabetic patients with
retinopathy release a greater amount of
O,~ in response to phorbol myristate
acetate (PMA) than do neutrophils from
diabetic patients without retinopathy (4).
Here we report that the magnitude of
spontaneous adherence of neutrophils
from diabetic patients with overt protein-
uria is significantly greater than that of
neutrophils from diabetic patients with
normoalbuminuria as well as healthy con-
trol subjects. In addition, we found that
these neutrophils responded normally to
granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF) and tumor necrosis
factor (TNF)-a with increased adherence
and O,~ release. Normal O, -releasing
capacity of neutrophils in response to
proinflammatory cytokines (GM-CSF and
TNF-a) and increased spontaneous adher-
ence might play a role in the progression of
diabetic nephropathy.

A total of 36 type 2 diabetic patients
and 14 age-matched healthy control sub-
jects were studied. The mean age of the
patients was 47.1 years (range: 22-68
years), and the mean duration of diabetes
was 11.8 years (range: 1 month to 25
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years). Patients were classified into four
groups according to the degree of
nephropathy: 1) normoalbuminuria (<20
mg/day, n = 17); 2) microalbuminuria
(20-200 mg/day, n = 6); 3) macroalbumin-
uria (200-1,000 mg/day, n = 5); and
4) overt proteinuria (>1 g/day, n = 8).
Patients were also classified into three
groups according to the degree of diabetic
retinopathy: 1) no retinopathy (n = 13),
2) simple retinopathy (n = 8), and 3) prolif-
erative retinopathy (n = 15). The release of
O,~ was assayed by superoxide dismutase
(SOD)-inhibitable reduction of ferricy-
tochrome C (5). Neutrophil suspension
(3 X 105 cells) in Hanks' balanced salt
solution was added to each well of a 48-
well plate (Falcon #3078) containing 100
umol/l ferricytochrome C with or without
SOD (200 U/ml), and the reaction mixture
was incubated for 3 h at 37°C. When
required, 50 ng/ml granulocyte colony-
stimulating factor (G-CSF), 5 ng/ml GM-
CSF, or 100 U/ml TNF-o was added to the
wells precoated with fetal calf serum (FCS).
Using the same plate, neutrophil adher-
ence was assayed by measuring the protein
content (Lowry’s method) of adherent neu-
trophils in each well after washing each
well thoroughly and was expressed as the
percentage of applied cells.

Neutrophils from healthy control sub-
jects adhered to the plastic surface (21.90 +
9.76% of applied cells) and released O,
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Figure 1—Spontaneous and cytokine-induced adherence of neutrophils from control subjects (n =
14) and diabetic patients (n = 36). Data are means + SEM. *P < 0.05, significantly increased com -
pared with the values obtained from normal control subjects.
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(6.16 £0.79 nmol - 3 X 105cells~1-3h~1)
when placed in untreated wells of the
plate. Both responses were markedly
inhibited (P < 0.01) when the wells were
coated with FCS (adherence: 5.62 + 0.58%
of applied cells; O, release: 0.97 £ 0.17
nmol - 3 X 105 cells—1 - 3 h~1). These find-
ings indicate that the release of O,~ from
neutrophils placed in untreated wells
reflects adherence-induced O,~ release,
and that spontaneous release of O,~ and
adherence may be assessed by placing cells
in FCS-coated wells. Stimulus-induced
O, release and adherence could be
assessed by incubating cells in the presence
of G-CSF GM-CSF or TNF-a in FCS-
coated wells. Neutrophils from healthy
control subjects released O, in response
to GM-CSF or TNF-a but not G-CSF (0.94
+0.56, 3.19 +1.40, and 6.15 + 1.03 nmol
- 3 X 10° cells* - 3 h~1 for G-CSF GM-
CSE and TNF-«, respectively). The
amounts of spontaneous, adherence-
induced, or stimulus-induced O, release
in neutrophils from diabetic patients were
essentially identical to that in neutrophils
from healthy control subjects. These find-
ings indicate that neutrophil functions
from diabetic patients respond normally to
proinflammatory cytokines such as GM-
CSF and TNF-a. In contrast to O, release,
the magnitude of neutrophil adherence to
the plastic surface was significantly greater
in patients with overt proteinuria than in
patients with normoalbuminuria (P <
0.01) or in healthy control subjects (P <
0.01) (Fig. 1). The magnitude of neu-
trophil adherence to FCS-coated surface
was also significantly greater in patients
with overt proteinuria than in patients with
normoalbuminuria (P < 0.05) or in
healthy control subjects (P < 0.05). How-
ever, GM-CSF- or TNF-a—induced neu-
trophil adherence to the FCS-coated sur-
face in patients with overt proteinuria was
essentially identical to that in patients with
normoalbuminuria or in healthy control
subjects. Moreover, no significant differ-
ence in neutrophil O, release and adher-
ence was observed between each retinopa-
thy group and healthy control subjects.
Multiple regression analysis revealed
the close relationship between increased
spontaneous adherence of neutrophils and
the level of serum creatinine (r=0.738,P =
0.001), but not disease duration, gender,
BMI, age, and the level of HbA,.. There are
some conflicting reports concerning adher-
ence of neutrophils in diabetic patients.
Wierusz-Wysocka et al. (6) reported that in

diabetic patients, neutrophil adherence to a
human albumin—coated petri dish was
enhanced in the presence of autologous
plasma. Andersen et al. (7) reported that in
diabetic patients, both basal and PMA-
induced adherence of neutrophils to
bovine aortic endothelial cells were
impaired. These differences may be attrib-
uted to the difference of the assay method
and the heterogeneity of patients.

In conclusion, the present experiments
show that spontaneous adherence of neu-
trophils to the plastic surface and FCS-
coated surface are enhanced in patients
with overt proteinuria and that enhanced
adherence is closely associated with the
level of serum creatinine. These findings
and the unimpaired O,-releasing response
to proinflammatory cytokines suggest that
enhanced neutrophil adherence in these
diabetic patients may play a role in further
progression of diabetic nephropathy as well
as microangiopathy.
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Erythrocyte
Sodium/Hydrogen
Exchange Activity
and Albuminuria in
Type 1 Diabetic
Families

nhanced Na/Li countertransport

(NLCT) and Na/H exchange (NHE)

have been suggested to predict dia-
betic nephropathy (1-3). Nevertheless,
other studies have excluded this hypothe-
sis (4). We found NHE activity increased
in type 1 diabetes (5), yet we could not
detect any relationship between NHE and
urinary albumin excretion rate (UAER)
either in essential hypertension (6) or in
type 1 diabetes. Therefore, we measured
erythrocyte NHE activity and UAER in
healthy nondiabetic family members of
type 1 diabetic patients with or without
diabetic nephropathy.

We recruited 20 siblings and 18 par-
ents of 18 type 1 diabetic patients with
nephropathy, 22 siblings and 20 parents
of 18 type 1 diabetic patients with nor-
moalbuminuria, and 60 healthy subjects
without a family history of type 1 dia-
betes. Venous blood and 24-h urine col-
lections were sampled to assay glucose,
creatinine, and albumin. Erythrocyte
NHE activity, HbA,, and other biochemi-
cal measurements were determined as
described previously (5,6).

The patients with and without
nephropathy were of similar age (35 + 11,
33+ 8, 35+ 10 years, respectively) but had
higher BMI (24 + 2, 24 + 2, 23 + 3 kg/m?;
P < 0.05) than healthy control subjects.
The two groups of patients with or without
nephropathy had similar durations of dia-
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betes (20 + 6 and 19 + 7 years, respectively)
and daily insulin requirements (0.7 + 0.1
and 0.7 + 0.1 U/kg, respectively). Patients
with nephropathy had poorer metabolic
control than patients with normoalbumin-
uria (glycemia, geometric mean, 16.4 vs.
9.9 mmol/l, P < 0.001, both values vs. con-
trol subjects’ 4.9 mmol/l, P < 0.001; HbA,
89 + 15vs. 7.8 £ 1.2%, P < 0.05, both
values vs. control subjects’ 5.3 + 0.4%, P <
0.001). In addition, they had higher sys-
tolic blood pressure than control subjects
(130 = 23 in nephropathy vs. 117
6 mmHg in control subjects, P < 0.05;
121 + 17 mmHg in normoalbuminuria).
NHE activity was significantly elevated in
both groups of patients as compared with
that in the control group; there was no dif-
ference between the two diabetic groups
(Tables 1-3). Siblings of diabetic patients
were similar to the control group with
respect to age, sex, BMI, blood pressure,
blood glucose, HbA,,, and serum creati-
nine. NHE activity was significantly higher
in both groups of siblings as compared with

Letters

2 4 6 8

10 12 14 16

Probands' antiport (mmol/L cells h)

Figure 1—Relationship between sodium-hydrogen exchange activities of type 1 diabetic probands
and their relatives. O, Mothers’ antiport; [J, fathers’ antiport; A, siblings’ antiport.

that in control subjects, but no difference
was detectable between siblings of diabetic
probands with nephropathy and siblings of
normoalbuminuric patients. Siblings of dia-
betic patients with nephropathy had higher

Table 1—Clinical data of type 1 diabetic patients and healthy control subjects

Type 1 diabetic patients

Clinical characteristic Control subjects With nephropathy Without nephropathy
NHE (umol - It - h™2) 5.66 +2.16 7.70 £ 2.69* 8.13+241t
UAER (mg/24 h) 125 100.7% 9.78

Data are means + SD for NHE and geometric means for UAER. *P < 0.05 vs. control subjects, TP < 0.01 vs. con-
trol subjects, P << 0.001 vs. control subjects, 8P < 0.001 vs. probands with nephropathy (or their relatives).

Table 2—Clinical data of siblings of type 1 diabetic patients both with and without nephropathy,
and healthy control subjects

Siblings of type 1 diabetic patients

Patient with Patient without
Clinical characteristic Control subjects nephropathy nephropathy
NHE (umol - I+ h) 5.46 £2.12 8.89 + 3.68* 9.14 + 3.67*
UAER (mg/24 h) 10.8 23.3* 8.3t

Data are means + SD for NHE and geometric means for UAER. *P < 0.001 vs. control subjects, TP < 0.001 vs.
probands with nephropathy (or their relatives).

Table 3—Clinical data of parents of type 1 diabetic patients both with and without nephropathy,
and healthy control subjects

Parents of type 1 diabetic patients

Patient with Patient without
Clinical characteristic Control subjects nephropathy nephropathy
NHE (umol - L - h-Y) 5.87 +1.59 8.11+3.22* 8.78 £ 2.4671
UAER (mg/24 h) 10.4 26.5* 10.6%

Data are means + SD for NHE and geometric means for UAER. *P < 0.01 vs. control subjects, TP < 0.001 vs.
control subjects, 1P < 0.01 vs. probands with nephropathy (or their relatives).

UAER than control subjects and siblings of
normoalbuminuric probands. The two
groups of parents differed from the well
matched control subjects only with respect
to erythrocyte NHE activity, which was ele-
vated in both groups. Parents of diabetic
patients with nephropathy had higher
UAER than healthy control subjects and
parents of diabetic probands with normoal-
buminuria. Simple regression analysis
showed a significant correlation (R 0.4, P <
0.001) between antiport activities of dia-
betic probands and their relatives, both par-
ents and siblings. In all groups, the velocity
of NHE was weakly associated with dias-
tolic pressure (R 0.2, P < 0.05, Fig. 1).
Our findings, as well as the confirma-
tion that NHE activity is increased in type 1
diabetic patients, show for the first time
that enhanced NHE activity is also a com-
mon feature of nondiabetic first-degree rel-
atives of patients with type 1 diabetes. \We
found no difference in the NHE activity
among the two groups of diabetic patients
with and without nephropathy as we
found no difference among the corre-
sponding groups of relatives. Unlike NHE,
abnormal albumin excretion was a distinc-
tive feature of nondiabetic first-degree rela-
tives of diabetic patients with nephropathy;
Thus, NHE activity is significantly higher
in nondiabetic family members of type 1
diabetic probands, but it is of no use as a
genetic marker for the development of dia-
betic nephropathy in type 1 diabetes. The
consistency of association between antiport
activities of diabetic probands and their
relatives excludes an effect of the diabetic
state in itself and suggests that the altered
activity of the proton exchanger is deter-
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mined primarily by familial factors.
Whether familial abnormality of erythro-
cyte NHE can be explained by familial
aggregation of environmental or genetic
factors remains to be elucidated.
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Factors Influencing
Plasma
Homocysteine Levels
iIn Type 2 Diabetes

ild  hyperhomocysteinemia is
detected in 6-8% of the general
population and appears to be a

stronger cardiovascular risk factor in type 2
diabetic subjects than in those with normal

or impaired glucose tolerance (1). Few data
are available concerning factors affecting
plasma homocysteine concentration (Hcy)
in diabetic patients; even less is known
about the link between Hcy and micro-
vascular complications of diabetes with the
exception of nephropathy (2). To assess
whether Hcy is an independent risk factor
for vascular disease in diabetic patients, we
evaluated the effect of clinical characteris-
tics, such as metabolic control and duration
of the disease, on Hcy in type 2 diabetic
patients with normal renal function. We
recruited 318 type 2 diabetic patients with
a broad range of duration of disease (041
years) for the study. None of them was tak-
ing medications potentially influencing
Hcy. Fasting plasma glucose, HbA,, serum
lipids (total and HDL cholesterol and
triglycerides), blood urea nitrogen, creati-
nine, vitamin B,,, and folate were deter-
mined in all patients. Plasma Hcy concen-
trations were determined by high-perfor-
mance liquid chromatography and
fluorescence detection (3). The albumin
excretion rate (AER) was measured by
radioimmunoassay technique in two con-
secutive 24-h urine collections. People with
AER >20 pg/min were excluded from the
study. Estimated creatinine clearance was
calculated by the Cockroft-Gault formula
(4). An electrocardiogram (ECG) was
recorded during the same day of the blood
sampling. Data were analyzed with the Sta-
tistical Analysis System program (SAS Insti-
tute, Cary, NC). Differences between
groups were evaluated by use of the Stu-
dents t test or Kruskal-Wallis test. Spear-
mans rank correlation and multiple regres-
sion analysis, as well as logistic regression
analysis, were used to determine relation-
ships between variables of interest.

In diabetic patients, Hey levels (12.3 +
1.8 umol/l, mean * SD) were significantly
higher in comparison with those in non-
diabetic subjects matched for age, sex,
and prevalence of hypertension (10.8 +
1.2 umol/l, t = 8.069, P < 0.001). All
patients had plasma B, and folate con-
centrations within the normal range. By
Spearman’s correlation analysis, Hcy was
strongly related to fasting plasma glucose,
HbA,., and duration of disease (all P <
0.001, Table 1). Hcy was also related to
systolic blood pressure and plasma
triglycerides, although to a lower level of
statistical significance (Table 1). In a mul-
tiple regression analysis, Hcy ended up
being independently related to HbA,,
duration of disease, and systolic blood

pressure (R? for the entire model: 0.44, P
< 0.005).

To define the role of plasma Hcy as a
cardiovascular risk factor in our popula-
tion, we divided the patients into two sub-
groups according to the presence or
absence of coronary heart disease (CHD),
identifying 82 subjects with a history of
myocardial infarction, coronary artery
bypass grafting, or Minnesota codes 1-1 or
1-2 on the ECG. Mean Hcy was higher in
patients with CHD than in patients without
CHD (13.3+0.9vs.12.0 £ 1.3 umol/l,P <
0.001). By logistic regression analysis,
plasma Hcy emerged as the strongest inde-
pendent variable related to CHD. Each
pmol/l of increment of plasma Hcy concen-
tration was associated to an odds ratio of
1.455 (95% CI 1.142-1.855, P = 0.002).
Smoking status and presence of hyperten-
sion were independently associated to the
presence of CHD as well (P = 0.03 and
0.02, respectively).

Our data show that in type 2 diabetes,
Hecy may be affected by both metabolic
control and duration of disease; however, it
remains strongly associated to the presence
of CHD, independently from age, sex, BMI,
smoking status, hypertension, and lipid
pattern. We therefore conclude that Hcy
can be seen as a major cardiovascular risk
factor in type 2 diabetic patients with CHD.

There are conflicting reports in the lit-
erature concerning the impact of type 2 dia-
betes on Hcy. Some authors have described
higher Hey in type 2 diabetic patients with
macrovascular disease with respect to con-
trol subjects (5), whereas in an article by
Hoogeveen et al. (1), Hey appears to be a
stronger (1.6-fold) risk factor for cardiovas-
cular disease in patients with type 2 dia-
betes than in subjects with normal or
impaired glucose tolerance, but without
any correlation with the degree of meta-
bolic control or the duration of disease. Our
observations do not allow us to conclude
that type 2 diabetes is always characterized
by hyperhomocysteinemia, but they sug-
gest that Hcy might be one of the factors
underlying the link between hyperglycemia
and cardiovascular risk in diabetic patients.
The strong relationship between Hcy and
HbA,. may well support a role for day-long
hyperglycemia in affecting Hcy, although
increased levels of Hcy are likely to repre-
sent a further independent cardiovascular
risk for type 2 diabetic patients. This role of
Hey is well documented in our study
where it stands as a variable associated to
CHD as strong as smoking or hypertension.
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Table 1—Relationship between Hcy levels and other variables in 318 type 2 diabetic patients

Variable Spearman’s coefficient P
Age 0.094 0.094
BMI 0.012 0.832
Blood pressure

Systolic 0.154 0.007

Diastolic 0.045 0.433
Cholesterol

Total 0.074 0.190

LDL 0.047 0.404

HDL —0.040 0.491
Triglycerides 0.166 0.003
Folate 0.085 0.139
Vitamin By, 0.029 0.618
Fasting plasma glucose 0.401 <0.001
HbA,. 0.627 <0.001
Duration of diabetes 0.511 <0.001

The mechanisms by which hyper-
homocysteinemia may promote atheroscle-
rosis in diabetic patients are poorly under-
stood. Both conditions are characterized by
a number of similar abnormalities in
hemostasis, platelet aggregation, and fibri-
nolysis. More recently, an alteration of
endothelial function after increased Hcy
has been reported in humans. With respect
to this last mechanism, our observation
that Hcy is a strong independent variable
related to the presence of CHD in normoal-
buminuric type 2 diabetic patients
becomes of interest. Impaired kidney func-
tion is a well-recognized cause of hyperho-
mocysteinemia, and glomerular filtration
rate has been recently identified as rate lim-
iting for renal clearance of Hcy (6). In the
present study, patients were carefully
selected, and only subjects with type 2 dia-
betes, normal AER, and normal creatinine
clearance were included. If we accept
microalbuminuria as a marker for wide-
spread endothelial damage (7), our results
in normoalbuminuric patients may suggest
that Hcy could be a useful index of
impaired endothelial function, even earlier
than altered albumin excretion rate.

In conclusion, the present study sug-
gests that in type 2 diabetes, plasma
homocysteine levels are influenced by
both the duration of disease and metabolic
control; nevertheless, mild hyperhomo-
cysteinemia still emerges as a major risk
factor for CHD, in agreement with previ-
ous observations. The reduction of Hcy
should be therefore attempted in type 2
diabetic patients. If improvement of meta-

bolic control is a sufficient measure to do
s0, however, remains to be investigated.
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Acute
Rhabdomyolysis
Associated With
Troglitazone

Ithough troglitazone is effective in
Areduci ng hyperglycemia, several reports

on the side effects of hepatic dys-
function have raised concerns (1). We report
here, for the first time, the appearance of
acute rhabdomyolysis as a side effect of
troglitazone.

A 59-year-old man who had been on a
medication regimen of glibenclamide (7.5
mg/day) for type 2 diabetes with compli-
cations (diabetic retinopathy and neuropa-
thy) since 1992 was admitted to our hos-
pital in July 1999 because of malaise,
marked weakness, and muscle aches
throughout his body. Although mild alco-
holic liver injury was detected (serum ala-
nine transferase [ALT] 55 U/l [upper nor-
mal limit: 40 1U/1]), his HbA. level was
9.0%. Troglitazone (400 mg/day) was
prescribed in addition to sulfonylureas
for 6 months before his admission to our
hospital. During physical examination, all
muscle groups were extremely tender.
Laboratory examinations revealed marked
increases in the patients level of creatinine
phosphokinase (CK) (10,570 IU/l vs.
upper normal limit of 150 [U/I), serum
myoglobin, aldolase, and aspartate amino-
transferase (AST) levels. The CK isozyme
pattern was consistent with skeletal mus-
cle origin. Serum creatinine level and elec-
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trocardiogram were normal and there
were no signs of severe hyperglycemia,
diabetic ketoacidosis, hypokalemia, or
hypophosphatemia. The only medication
he had been taking was oral antidiabetic
agents. His daily consumption level of
ethanol did not normally exceed 40 g, and
computed tomography and ultrasonogra-
phy scans of the abdomen did not show
liver cirrhosis. Troglitazone was discontin-
ued and renal function and biochemical
data were closely monitored. On his 3rd
day without troglitazone, his CK level was
significantly improved, and after 10 days
of hospitalization, he was sent home clini-
cally improved.

Rhabdomyolysis is a common syn-
drome in which injury to the skeletal mus-
cle results in leakage of intracellular con-
tents from the myocytes into the plasma (2).
The most common etiologies of nontrau-
matic rhabdomyolysis include drug and
alcohol abuse and diabetic ketoacidosis (3).

Ethanol is a potent inducer of cyto-
chrome P450 that enhances the toxicity
of many drugs (4). Therefore, in this
case, the appearance of acute rhabdomy-
olysis may have been caused by an accel-
eration of troglitazone toxicity due to the
ethanol effect.

Although this patient did not deviate
from the criteria used in the U.S. to pre-
scribe troglitazone, which recommend the
exclusion of patients with an ALT concen-
tration >1.5 times the upper limit of nor-
mal before starting troglitazone therapy
(5), acute rhabdomyolysis nevertheless
appeared. In patients with alcoholic liver
injury, the AST/ALT ratio frequently
exceeds 2, and while the ALT may be nor-
mal, it is almost always less than the AST.
Measurement of serum ALT is the most
appropriate test of potential liver injury in
patients taking troglitazone, but this test
cannot be expected to reliably cover all
types of liver injuries. Thus, we must
always keep in mind that because troglita-
zone has the potential to cause acute
rhabdomyolysis, this drug should not be
used for patients with long histories of
ethanol consumption, even if their liver
injuries are mild.
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Long-Term
Transdermal
Estrogen Therapy
Improves Lipid
Profile but Not
Insulin Resistance in
Healthy
Postmenopausal
Women

positive and independent relation-
Aship among circulating insulin con-

centrations, insulin resistance, and
menopausal age in healthy women has
been reported (1-3). In addition, it has
been found that insulin resistance and
hyperinsulinemia are associated with
adverse changes in lipid and lipoprotein
plasma levels of postmenopausal women
(4). Hyperinsulinemia that results from
insulin resistance may increase the risk of
coronary heart disease (CHD) in the general
population (5,6), but whether changes in
insulin metabolism contribute to the
increased incidence of CHD in post-
menopausal women is not known. Estro-
gen replacement therapy (ERT) has been
shown to consistently reduce the incidence
of CHD (7,8); re-establishment of pre-
menopausal lipoprotein levels by estrogen
administration may contribute to this effect
(9,10). Potentially beneficial effects of ERT
on glucose and insulin metabolism could

also play roles, but these effects may vary
according to the type and dose of estrogen
and to the possible combination of estrogen
with progestin (11). Whereas estradiol-173
increases insulin sensitivity in hormone-
deficient women, different effects have been
observed with alkylated estrogens, which
impair glucose tolerance and reduce insulin
sensitivity. Administration of high-dose
conjugated equine estrogens also may
induce these effects (11). Moreover, it is
not clear if these metabolic effects of estro-
gen are preserved when it is administered
transdermally (12). Progesterone increases
insulin resistance and can reverse the bene-
ficial effect of estradiol-178, but when used
as a progestogen in combination with estro-
gen, progesterone appears to have little or
no effect on glucose metabolism. Other
progestogens, such as medroxyprogester-
one acetate, levonorgestrel, and norethister-
one, have shown similar results (11).
Because few data are available from
long-term studies concerning glucose and
insulin metabolism in postmenopausal
women during estrogen-progestin replace-
ment therapy, the specific aim of our study
was to determine whether and at what
extent a long-term treatment with transder-
mal estrogen, alone or in combination with
progestin, can modify insulin sensitivity, as
assessed with the reference method of the
glucose clamp technique. A second aim
was to assess whether long-term estrogen-
progestin therapy affects other major car-
diovascular risk factors, including BMI, sys-
tolic and diastolic blood pressure, and
plasma levels of total cholesterol, HDL cho-
lesterol, LDL cholesterol, and triglyceride.
We examined 20 healthy postmeno-
pausal women who were randomly assigned
to two treatment groups: group 1 was treated
with transdermal estradiol-178, 100 mg
once a week for 12 months (10 women,
mean age 47.6 * 4 years, mean amenorrhea
duration 5.3 £ 3.7 years, BMI 27.4 £5.2). In
group 2, medroxyprogesterone acetate was
added orally at a dosage of 10 mg once aday
for 10 days per month (10 women, mean
age 50.1 + 2.9 years, mean amenorrhea
duration 5.3 + 3 years, BMI 25.6 + 4.4). In
each woman, glucose tolerance during an
oral glucose tolerance test (OGTT) was nor-
mal according to World Health Organiza-
tion (WHO) criteria (13). Before and at the
end of the 12 months of treatment, insulin
sensitivity was assessed by means of the
euglycemic-hyperinsulinemic clamp tech-
nique, according to the method described
by De Fronzo et al. (14) and as described in
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a previous study (15), and was expressed as
the M index (glucose disposal rate during
the final 40 min of the euglycemic insulin
clamp; glucose utilization [mg - kg1 -
min—1]). The euglycemic-hyperinsulinemic
clamp was performed also during the follic-
ular phase of the menstrual cycle in a con-
trol group of 10 healthy premenopausal
women aged 32 + 4 years with a BMI of 24
+ 3.2. In each study subject, before and after
treatment, levels of plasma total cholesterol,
triglycerides (by use of enzymatic methods
[Roche Diagnostics, Milan, Italy]), and HDL
cholesterol (after plasma precipitation with
dextran-magnesium) also were measured.
LDL cholesterol was indirectly estimated by
means of the Friedewald formula (16).

In the control group of premenopausal
women, the M index was 8.6 + 1.2, which
was significantly higher than that in group 1
(estrogen only) (M 6.2 £ 1.5, P < 0.001)
and in group 2 (estrogen and progestin)
(M 6.4+2.1, P <0.001); however, the dif-
ference between these two groups was not
significant. The M index did not correlate
with age or with amenorrhea duration in
the overall study group. At the end of the
treatment period, the M index in both
groups was not modified (6.7 + 1.5and 6.9
* 2, respectively). In group 1, the total
and LDL cholesterol levels significantly
(P < 0.0001) decreased (from 6.03 £ 0.36
t05.01 £0.36 and from 4.07 £ 0.47 t0 2.63
* 0.34 mmol/l, respectively), and the HDL
cholesterol levels increased (from 1.42 +
0.26 to 1.67 + 0.2 mmol/l, P < 0.05). In
addition, levels of triglycerides increased
(from 2.79 £ 0.92 to 3.57 £ 0.76 mmol/l),
but this increase was not significant. In
group 2, no differences were observed
before and after treatment in levels of total
cholesterol (6.42 + 0.93 and 6.3 £ 0.72
mmol/l), LDL cholesterol (4.49 + 1.08 and
4.33 +0.87 mmol/l), HDL cholesterol (1.39
+ 0.34 and 147 + 0.33 mmol/l), and
triglycerides (2.71 £ 1 and 2.46 = 0.78
mmol/l). No significant modifications in
BMI, glucose tolerance during an OGTT,
and systolic and diastolic blood pressure
were observed during the study period.

It has been previously demonstrated
that oral estrogen replacement therapy
with estradiol-17@8 or with low-dose con-
jugated equine estrogens improves insulin
sensitivity, whereas no effects have been
observed when high-dose equine estrogens
or a potent alkylated estrogen, such as
ethinyl-estradiol, are used (11). In regard
to transdermic estradiol, a previous study
has demonstrated that it is able to modify

insulin metabolism but does not affect
insulin sensitivity (12). In all of these stud-
ies, however, insulin sensitivity was calcu-
lated by means of mathematical models or
was indirectly estimated from fasting glu-
cose and insulin levels; no data on direct
measurements of insulin sensitivity with
the reference method (i.e., the euglycemic-
hyperinsulinemic clamp) are available. By
using this reference method, we can con-
firm that transdermal estradiol is unable to
improve insulin sensitivity in healthy post-
menopausal subjects, even after prolonged
administration of transdermal estradiol.
This discrepancy between administration
of transdermal and oral estradiol can be
explained by the lower estrogen plasma
levels reached by treatment with the for-
mer, with respect to the oral route. These
levels are probably not efficient enough to
modify insulin resistance, but they are still
able to positively affect plasma cholesterol
profiles. It is well established that estro-
gens, regardless of the type or route of
administration (9,10), lower total choles-
terol levels; this effect is maintained with
long-term treatment (17). Our results con-
firm the findings of these previous reports
and those reports that demonstrate an
increase in HDL cholesterol levels with
administration of oral and transdermal
estradiol (18). In regard to triglycerides,
there are conflicting reports of increased
levels during oral treatment and reduced
levels with transdermal estradiol treatment
(18). Our results show a modest and
insignificant increase of triglyceride levels
during estradiol treatment. Consequently,
these findings do not allow us to draw any
conclusion concerning this parameter.
Depending on their dose or their andro-
genicity, progestogens have different effects
on lipids and lipoproteins. Androgenic
progestogens, such as norgestrel, reverse
the HDL-raising effect of estrogen and can
reduce VLDL secretion and thereby lower
triglyceride levels (18). Our results
demonstrate that a pregnanic progestogen,
such as medroxyprogesterone, when used
in combination with transdermal estradiol,
shows similar effects, such as a blunted
estradiol-induced lipid modification.

In conclusion, our data do not sup-
port the possibilities that long-term treat-
ment with transdermal estradiol has bene-
ficial effects on insulin resistance and that
it can contribute to the reduction of car-
diovascular risk observed during replace-
ment therapy after menopause. On the
contrary, they give further evidence of a
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positive effect, which is lost when medroxy-
progesterone is added, on plasma choles-
terol levels. This last finding suggests that
better hormone replacement regimens are
needed to combine the most favorable
changes in cardiovascular risk factors with
the lowest risk of side effects.
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A Severe Clinical
Phenotype Results
From the
Co-inheritance of
Type 2 Susceptibility
Genes and a
Hepatocyte Nuclear
Factor-1a Mutation

aturity-onset diabetes of the
Myoung (MODY) is a monogenic
autosomal dominant form of dia-
betes. To date, five different genes are
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Figure 1—Family tree of a MODY3-affected family. @, Female with diabetes; O, female with no
diabetes known; M, male with diabetes; (1, male with no diabetes known. Arrow indicates index
patient, details about whom are in the text. NN and NM indicate MODY3 alleles: N = normal, M =
mutation. Age of onset of diabetes and treatment are indicated. *This patient inherited the mutation,
but diabetes has not yet been diagnosed. #This patient was diagnosed with diabetes but does not carry
the mutation. His phenotype is different from that of the rest of the family.

known to cause MODY; hepatocyte
nuclear factor (HNF)-1a mutations that
cause MODY3 are the most prevalent in
Western Europe (1,2). The majority of
patients with HNF-1a mutations present
with mild symptoms and are recognized
as having type 2 diabetes. A number of
reports have found HNF-1a mutations in
patients who had previously been classi-
fied as having type 1 diabetes (3-6). In
most of these cases, it appears that the
subjects misclassified as having type 1
diabetes had a phenotype similar to that
of the subjects diagnosed with MODY.
We propose that in some patients, genes
predisposing to type 2 diabetes increase
the severity of the phenotype resulting
from an HNF-1a mutation. This results
in early diagnosis and more severe hyper-
glycemia, so the subject is more likely to
be classified as having type 1 diabetes.
O'Rahilly et al. (7) proposed that early-
onset type 2 diabetes could be caused by
a “double gene dose” from two affected
parents (diabetes or impaired glucose tol-
erance [IGT]), leading to a more severe
clinical course with a rapid transfer to
insulin treatment and a high prevalence
of microvascular complications. The co-
inheritance of an HNF-1a mutation with
predisposing type 2 diabetes genes is
likely to occur when one parent has dia-
betes as a result of an HNF-1a mutation
and the other has non-MODY type 2 dia-
betes or IGT. Here we report on a case
that illustrates this potential mechanism.

We have recently studied a family
with MODY3 resulting from a nonsense
mutation at position 171 (R171X) (8)

where there was striking heterogeneity in
the clinical phenotype associated with the
HNF-1a mutation (Fig. 1). One family
member (IV-16) was diagnosed with type
1 diabetes at 16 years of age because of
severe hyperglycemia and classical symp-
toms for a few weeks, and he was treated
immediately with insulin. This clinical
presentation was in marked contrast to the
other nine mutation carriers, one of whom
(aged 42 years) was not diabetic, and most
mutation carriers with diabetes were diag-
nosed over the age of 25 years (n = 6) and
easily treated with sulfonylurea derivatives
(n=5) or diet alone (n=4) (Fig. 1). In IV-16,
HbA. was 12.8%, compared with a mean
HbA,. level of 6.8 + 1.2% for the other
family members who carried the muta-
tion. In IV-16, severe diabetic complica-
tions endured over time: proliferative
retinopathy treated with panretinal laser
coagulation, severe peripheral neuropathy
with recurrent foot ulcers, autonomic neu-
ropathy with orthostatic hypotension,
impotence and gustatory sweating, and
diabetic nephropathy. However, none of
his other family members had manifest
diabetic complications. Evidence that this
patient was not insulin dependent was
provided by the patients admission that he
would omit insulin for periods up to a
week without developing ketoacidosis and
by a maximum C-peptide concentration of
0.30 nmol/l after intravenous glucagon
stimulation. GAD antibodies were not
detected.

Both of 1V-16's parents had diabetes
(Fig. 1). His mother also had the same
R171X mutation and had mild uncom-
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plicated diabetes, diagnosed at age 41,
for 20 years treated with diet only. His
father, being unrelated to 1V-16's mother,
did not carry the mutation, but 13 years
after his son’s diagnosis, he was diag-
nosed with “classical” type 2 diabetes,
age of onset 55 years. He was overweight
and treated with a combination of
glibenclamide and metformin. He had
no diabetes complications 6 years after
diagnosis.

We propose that the severe pheno-
type in patient IV-16 may be explained by
co-inheritance of the type 2 susceptibility
gene or genes from his father in addition
to the inheritance of an HNF-1a muta-
tion. This is a further example of the
“double gene dose” proposed by O’'Rahilly
et al. (7). Because of the high prevalence
of type 2 diabetes in the general popula-
tion, this situation may occur not infre-
quently in MODY-affected families. This
may only become apparent later on,
because the parent may present with non-
MODY type 2 diabetes many years after
the diagnosis of his or her child, as illus-
trated in our case. Obesity did not modify
the phenotype in our subject (BMI = 24.2
vs. 25.4 + 2.0 kg/m? in the other mutation
carriers), but in a large Finnish study,
nondiabetic HNF-la mutation carriers
were slimmer than diabetic mutation car-
riers (9). This result and our case imply
that even in HNF-1a mutations, a mono-
genic condition with high penetrance, the
phenotype will be modified by environ-
mental and genetic factors that are also
important in type 2 diabetes. The identifica-
tion of major predisposing genes in type 2
diabetes will allow the relative role of
these modifying factors to be studied in
greater detail.
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n Birth weight (g) Gestational age (weeks)
GDM
Males 113 3,469 + 595* 38.7+ 153
Females 103 3,233 £ 500 38.5+1.40
Control subjects
Males 137 3,462 + 648* 38.9+1.86
Females 79 3,257 + 603 38.7+1.73

Data are n or means + SD. *The male babies were significantly heavier than the female babies in both the
GDM and control groups (P < 0.01). There were no significant differences between the gestational weeks of
delivery. There were no significant differences between the birth weights of male and female babies in the
GDM group compared with male and female babies in the control group. With a x?2 test, there was a signifi-
cantly higher proportion of male babies born to control women than to women with GDM (P = 0.0215).
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birth weight and gestational week of deliv-
ery are shown in Table 1.

Thus, in glucose-tolerant women, we
have confirmed the previous observation
that a section is more likely if there is a
male fetus, with a male-to-female ratio of
1.73. However, this observation does not
apply to a group of women with treated
GDM, with a ratio of 1.10. Whereas it has
been suggested (1,2) that a plausible rea-
son for the increased rate of section could
be the higher weight of male fetuses, this is
not substantiated from our data. Although
male babies were heavier than female
babies in both groups, the male babies of
women with GDM were the same weight
as the male babies of control women. A
recent report by Remsberg et al. (4) has
also shown that birth weight had little
effect on the association with cesarean sec-
tion for either diabetic or nondiabetic
women.

It has been speculated that a higher
male ratio for section may come about
because the fetal hormone contribution of
male fetuses to labor may be less effective
and therefore be an exacerbating factor for
any uterine dysfunction (1,2). Why this
should not be the case for women with
GDM is not clear but is undoubtedly wor-
thy of further examination.
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Diabetic
Gastroparesis
Improved by
Percutaneous
Endoscopic
Jejunostomy

emptying) is found in ~50% of

patients with type 1 and type 2 dia-
betes (1) and is clinically important,
because it may be associated with gastroin-
testinal symptoms, alterations in glycemic
control, and changes in oral drug absorp-
tion (2). Both symptomatic and asympto-
matic gastroparesis may be associated with
poor glycemic control by causing mis-
match between the action of insulin (or
oral hypoglycemic agents) and the absorp-
tion of nutrients. We have studied two
patients who presented with extremely dif-
ficult management problems with severe
diabetic gastroparesis and who have had a
significant improvement in lifestyle, dia-
betic control, and gastric emptying with
percutaneous endoscopic jejunostomy
(PEJ). The first patient, a 42-year-old
woman with type 1 diabetes since 1992,
presented in early 1995 with frequent
hypoglycemic attacks. No cause could be
detected for these frequent hypoglycemic
episodes. In mid-1996, she presented with
catastrophic hypoglycemia that caused
cerebral damage and amnesia. Early in
1999, she presented with recurrent vomit-
ing and an average of two hypoglycemic
events per day. She had lost 9 kg in weight
in 3 months.

A radioisotope study using 99m
Tc—labeled scrambled egg revealed no gas-
tric emptying after 80 min, thus confirm-
ing gastroparesis. Despite the use of cis-
apride, domperidone, metoclopramide,
and erythromycin (both alone and in com-
bination), she did not improve. At this
stage, she had a PEJ inserted and we man-
aged to keep her glycemic control stable
and prevent her from having hypogly-
cemic events. After 3 months, a repeat
radiolabeled gastric-emptying study
revealed that she had evidence of 80% gas-
tric emptying at 60 min. A further study
3 months later confirmed the improvement.
The second patient, a 38-year-old woman
with type 1 diabetes since 1980, had
established diabetic nephropathy and
proliferative retinopathy. She presented
in 1995 with recurrent episodes of

Diabetic gastroparesis (delayed gastric

ketoacidosis secondary to severe vomit-
ing. She experienced daily hypoglycemic
events. A diagnosis of gastroparesis was
made after the absence of 99m Tc—labeled
scrambled egg from the stomach at 90
min. High-dose prokinetic therapy was
wholly unsuccessful. A PEJ was inserted
and it stabilized the patients condition. After
4 months, radionucleotide imaging
showed 85% gastric emptying within 60
min. The PEJ was removed. She presented
with further episodes of profuse vomiting
2 years later, and the diagnosis of recurrent
gastroparesis was made after radionu-
cleotide imaging. Despite the insertion of
another PEJ for 6 months, her symptoms
did not improve. She underwent a partial
gastrectomy with a Roux-en-Y procedure.
She remains very well with a regular dietary
intake with marked improvement in her
diabetic control.

The treatment of diabetic patients suf-
fering from gastroparesis is far from satisfac-
tory. Conventional management involves
nutritional support, antiemetics, prokinet-
ics, and, rarely, surgery. Dietary changes,
such as the addition of high fiber and com-
plex carbohydrates, prolong postprandial
food absorption. Prokinetic agents, such as
cisapride, domperidone, or metoclopramide,
may alleviate symptoms, but not cure the
problem. These drugs have a high preva-
lence of central nervous system side effects,
such as somnolence, akathisia, or depres-
sion (3). Gastric pacing provides some
hope in the future management of these
patients who might otherwise require
surgery for this disorder (4). In the past,
surgical jejunostomy has been reported to
be successful in patients with diabetic gas-
troparesis (5). These two cases show that
gastroparesis may be reversible with the
advent of endoscopic insertion of a jejunos-
tomy feeding tube. We advocate early inter-
vention in patients with gastroparesis who
have poor response to prokinetic agents:
This improves their glycemic control, pre-
vents frequent hypoglycemic events, and
improves their nutritional status.
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Severe Nonproductive
Cough and
Cough-Induced
Stress Urinary
Incontinence in
Diabetic
Postmenopausal
Women Treated
With ACE Inhibitor

frequently recommended class of
Aantihypertensive agents in the treat-

ment of diabetes is the ACE
inhibitors (ACEIls) (1). Coughing that
results from ACEI therapy is a well-recog-
nized complication. The frequency of
cough reported in the literature varies
from 0.7% to as high as 48% (2). A high
incidence of cough has been noted in the
Chinese population (3) and is more com-
mon in nonsmokers, women, and patients
with renal failure (4,5).

Angiotensin |l receptor antagonist
(ARA) blocks the angiotensin-renin sys-
tem at a different level compared with
ACEI (6). Preliminary experience has con-
firmed its efficacy in lowering blood pres-
sure and decreasing urinary protein excre-
tion in animal models and in both diabetic
and nondiabetic individuals (7). Reports
have also indicated that ARA has a lower
incidence of cough associated with treat-
ment compared with that of ACEI (8).

We studied 173 postmenopausal type 2
diabetic patients with hypertension or
proteinuria who consecutively attended
the outpatient diabetes clinic of our hospi-
tal. Hypertension was defined as patients
having an office diastolic blood pressure of
>90 mmHg on a mercury sphygmo-
manometer. Most of the hypertensive
patients were untreated, and the 12 hyper-
tensive patients who were receiving anti-
hypertensive agents were asked to discon-
tinue treatment for 2 weeks before the
study. Patients who had had a diagnosis of
urinary tract infection, urolithiasis, liver
cirrhosis, bronchitis, emphysema, conges-
tive heart failure, or chronic lung disease
were excluded. Cough was considered to
be present if the study subjects had been
bothered by a cough during the treatment
and if they had symptoms for at least 2
weeks without an identifiable cause, such
as acute respiratory infection.

The current study was a prospective
double-blind parallel study, approved
by the human research review commit-
tee of our hospital. Informed consent was
obtained from each patient. Postmeno-
pausal women were selected for this study.
Patients were randomly chosen to receive
a single 4-mg dose of perindopril (Acertil;
Les Laboratoires Servier Industrie, Gidy;
France) or 50 mg losartan (Cozaar; Merck
Sharp and Dhome, West Point, PA) daily.
Patient visits were scheduled every 2 weeks
during the study period. The dosage of the
each patient’s usual antihypertensive ther-
apy could be increased or other non-ACEI
and non-ARA antihypertensive therapy
could be added if necessary to achieve goal
blood pressure. The primary end point for
the study was to compare the incidence of
cough associated with ACEl and ARA
therapy.

There were 165 patients who com-
pleted the study. The groups of patients
randomly allocated to receive losartan or
perindopril had similar demographic and
clinical characteristics at baseline. After
8 weeks of therapy, significant changes in
blood pressure were found, yet there was
no statistical difference found between the
perindopril and losartan groups. The
visual analog scale (VAS) was used to
quantify the patients’ perception of fre-
guency of cough. A very low VAS score
(0.2 cm) was found at the beginning of the
study, with changes in VAS score being
significantly higher in the perindopril
group (3.3 £ 2.5 cm) than in the losartan
group (1.3+ 1.3 cm, P < 0.01) at the end
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of the study. The severity of cough, as
assessed by a symptom-assessment ques-
tionnaire (SAQ), was also higher in the
perindopril group than in the losartan
group (7.2 £45vs. 45+ 3.5 P < 0.01).
There was a significant positive correlation
between the frequency and severity of
cough; higher VAS scores were generally
associated with a more severe cough on
the SAQ (r =0.88, P < 0.01). The time of
coughing associated with ACEIl varied
among patients, ranging from 2 days to
1 month (mean 7.5 £ 5.5 days). The per-
centage of patients responding positively
was significantly higher in the perindopril
group than in the losartan group (60.0 vs.
25.9%, P < 0.01). Patients with advanced
renal disorders had a higher incidence of
cough. There were 20 patients who
reported suffering from intolerable cough
and cough-related urinary stress inconti-
nence. These 20 patients were found to
belong to the perindopril treatment group
and were thus withdrawn from perindo-
pril. When these 20 patients with severe
intolerable cough were changed to losar-
tan treatments, the symptoms of 19
patients (95%) subsided within 1 week
(3-7 days) and no further attacks were
found to occur during the follow-up
period of 6 months.

The current study shows that post-
menopausal Chinese patients with type 2
diabetes who are receiving perindopril
have a higher prevalence (60%) of cough
than those using an ARA. Furthermore,
severity of cough was similarly worse with
more than 10% having intractable cough
with stress urinary incontinence. This was
largely relieved with conversion to ther-
apy with losartan. The substitution of an
ARA for an ACEI therapy associated with
intractable cough is likely to be well toler-
ated in a population at high risk for drug-
induced cough.
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Can Mobile Cellular
Phones Affect
Functioning of
Implantable Insulin
Pumps?

rapidly expanded, and a large part of

the world is now served by several
network operators working in parallel.
This proliferation of communication with
cellular phones leads to more and more
questions regarding possible interactions
with biological tissues (1) and interfer-
ences with electronically controlled med-
ical equipment (2). During the last few
years, several investigations have been car-
ried out concerning the disturbance of
medical devices such as pacemakers (3,4)
or external insulin pumps (5) exposed to

The mobile telephone network has

electromagnetic field radiated by cellular
phones. Some in vivo trials have detected
intermittent dysfunction of implanted
pacemakers caused by digital mobile
phones (6,7). Darmon et al. (5) tested the
performance of two different models of the
external insulin pump while exposed to
various types of cellular phone emission.
The old-fashioned pump used during spe-
cific conditions of testing showed inade-
quate electronic protection against such
radiofrequency interference. But the elec-
tromagnetic field radiated by cellular
phones did not cause any disturbance of
the tested new-fashioned portable insulin
pump and would not induce harmful
effects in clinical practice, according to the
manufacturer (Minimed Technology, Syl-
mar, CA). In this respect, the Minimed
external pump has been designed and
tested to demonstrate immunity to
radiofrequency emission at a level of 3
V/im in the 26-1,000 MHz frequency
range, according to the current interna-
tional regulations for radiofrequency
immunity of medical devices.

In regard to implantable insulin
pumps, the manufacturers recommenda-
tions advise against exposure to strong
magnetic fields, such as diagnosis proce-
dures like magnetic resonance imaging or
industrial magnetic fields. So we were
interested in verifying, in a collaborative
work with the Research and Development
Center of France Telecom, whether radio-
frequency emission from mobile cellular
phones may cause disturbance of this
implantable device.

The current mobile telephone systems
operate with radio signals that have a fre-
quency of ~900 MHz and 1,800 MHz
and a usual output power transmission of
1 or 2 W So we tested ex vivo two
implantable insulin pumps of the same
model (Minimed MIP 2001 [pump A and
pump B] with two types of cellular phones
(respectively, DCS Flare B 300 [1,800
MHz, 1 W] with pump A and GSM Lisa P
9026 [900 MHz, 2 W] with pump B).
Telephones were held, ex vivo, in contact
with the pumps and used first, in test
mode with maximum output power; sec-
ondly in actual use during the ringing
phase; and thirdly, in use during an actual
conversation call. We searched for an
effect on alarm activation, pump program-
ming, and volumes delivered by the
pump. Because the insulin currently used
in implantable pumps has a concentration
of 400 U/ml, the volumes of insulin deliv-

ered by the pump are very small. For
instance, an insulin bolus of 10 U corre-
sponds to a volume of 25 pl and a basal
rate of 1 U/h to a rate of 2.5 pl/h. So a spe-
cial protocol was designed to permit a
guantitative measurement. Pumps were
filled with Actrapid HMGe U40 (Novo
Nordisk, Bagsvaerd, Denmark) instead of
insulin currently used, HOE 21 PH U400
(Hoechst, Frankfurt, Germany). A maxi-
mal basal rate was programmed during
1 h (~25 pl/h) and a maximal bolus over
30 min (~150 pl). The insulin delivered
by the pump was collected in 1 ml of
buffer. The quantitative measurement of
the insulin in these experimental samples
used a particular enzyme immunoassay
designed to be sensitive enough to detect 2
pU/ml. The intra- and interassay coeffi-
cients of variation were 3.2 and 4.8%,
respectively.

Results did not show any alarm activa-
tion or change in programmed parameters
while phones were used in the test mode
with maximal output power and then dur-
ing the ringing phase. In actual transmis-
sion, the amounts of insulin delivered by
the pump were measured twice in basal
conditions without phone as control mea-
sure, and then twice while cellular phones
were calling in actual transmission during
the whole test as simulating conditions.
For pump A tested with phone DCS, bolus
was measured at 5.3 and 5.4 U for the first
and second testings under basal condi-
tions vs. 5and 5.4 U for the first and sec-
ond measures during simulating tests.
Basal rates were 0.9 and 0.86 U/h vs. 0.86
and 0.85 U/h. For pump B tested with
phone GSM, bolus was 5.26 and 4.96 U
vs. 5.33 and 5.06 U. Basal rates were 0.84
and 0.84 U/h vs. 0.86 and 0.86 U/h. So
whatever the type of cellular phone com-
ing in contact with the implantable pump,
we did not observe any significant modifi-
cation of the amount of insulin delivered
during bolus and basal rate.

When placed in close proximity to the
implantable insulin pump Minimed MIP
2001, neither type of tested cellular phone
(1 or 2 W) affects the programming and
functioning of this medical device. Our
results confirm that the design of the elec-
tronic system of the implantable pump
Minimed MIP 2001 ensures protection
against radiofrequency field currently used
by typical cellular phones.
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Usual Delay in
Sample Processing
Can Modify
Gestational
Diabetes
Screening

cose concentration in blood sam-

ples depending on temperature,
time, and hematocrit and can result in
clinically significant errors (1,2). The
addition of sodium fluoride (NaF) is the
most usual method to preserve blood
glucose (3) but is currently not
included in the recommendations for

Blood cell glycolysis decreases glu-

gestational diabetes (GD) screening (4).
We aimed to assess if ordinary delay in
sample processing influences GD screen-
ing results.

In 158 consecutive pregnant women
undergoing GD screening, 5 ml of blood
was drawn as two consecutive samples
(SO, S1) using the usual tubes for glucose
measurement in our center (evacuated
tubes containing 2.5 g/l NaF Vacutainer
[ref. 606659]; Beckton-Dickinson,
Rutherford, NJ). The SO samples were
immediately centrifuged and plasma glu-
cose analyzed with a polarographic
method (Beckman Synchron CX-3 ana-
lyzer, Fullerton, CA) with an interassay
coefficient of variation <2.5% for the
range 0.5-10.0 mmol/l. The S1 samples
were kept at room temperature and ana-
lyzed after the usual time delay. Leukocyte
and erythrocyte counts (Coulter T-540;
Coulter Electronics, Hialeah, FL) were
performed in the last 93 samples.

Mean glucose concentrations were
6.75 £ 1.52 mmol/l in SO samples and
6.50 £ 1.52 mmol/l in S1 samples (P <
0.001, Wilcoxons rank-sum test), mea-
sured after 65.9 + 33 min. Plasma glucose
decrease was significant in 21 samples
measured with a processing delay of <30
min (—0.18 + 0.26 mmol/l, P < 0.01,
Wilcoxons rank-sum test), whereas fur-
ther decreases were not significant. Both in
the whole group and in samples showing
discordant results, the percent decrease in
plasma glucose was higher than the
interassay coefficient of variation. Of 35
women with a positive screening test in SO
samples, 6 (17%) were misclassified as
negative in S1 samples, resulting in a
lower rate of positive screening tests in the
latter (22.2 vs. 18.4%, P < 0.05, McNe-
mar’s test). In the subset of 93 samples in
which blood cell counts were performed,
erythrocytes were 3.82 X 106 + 0.66 X
10%/ul and leukocytes were 9,298 *
2,261/ul, and there was no relationship
between cell count and blood glucose
decrease (data not shown).

The overall rate of GD screening mis-
classification (3.8%) is similar to that
described for oral glucose tolerance tests
(2). Our results may have been influenced
by the concentration of NaF but the
absolute plasma glucose decrease in this
report is quite similar to the —0.27 mmol/l
reported at 60 min with the use of more
concentrated preparations of NaF (5).

In conclusion, in samples kept at
room temperature, we have corroborated
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that 2.5 g/l NaF is not sufficient to prevent
plasma glucose decrease in the first 30 min
after sample drawing, and this can modify
GD screening categorization. Because
immediate sample processing is not feasi-
ble in current practice, additional mea-
sures should be taken, such as keeping
blood at low temperature.
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Operational Errors
Cause Inaccurate
Glucose Results

e report here on a case in which a
Wcommon glucose meter reported

falsely high readings on patient
blood samples. The incident occurred in
a busy intensive-care unit (ICU). The glu-
cose meter (Accu-Chek Advantage GTS;
Roche Diagnostics, Indianapolis, IN), test
strips (Advantage H; Roche Diagnostics),
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and controls (Advantage control levels 1
and 2) were immediately pulled from
clinical use and examined by pathology.
Parallel testing with fresh controls and
strips proved that the meter was accept-
ably reading —6% bias to the central lab-
oratory, but the test strips pulled from the
nursing unit were giving high results with
a 124% bias (mean lab = 7.20 mmol/l,
mean meter = 16.18 mmol/l, n = 10
patients). A count of the test strips in the
unit bottle was greater than the number
packaged by the manufacturer, indicating
that staff had manipulated the original
packaging. We have previously noted
problems in other similar busy ICUs with
strips sitting out on countertops, exposed
to air, light, and liquids.

To test whether any of these events
had occurred with the ICU test strips, we
investigated whether electrochemical test
strips could generate a result after conta-
mination. Two meters (Abbott Medisense
Precision QID; Abbott, Bedford, MA, and
the Accu-Chek Advantage GTS) were
examined. In a first experiment, the
meter manufacturer's liquid high- and
low-level controls were used to dose the
test strips. After drying overnight, the
strips were inserted into the appropriate
meter and a control test was performed.
Visual inspection of the dried strips
revealed some slight yellow discol-
oration. Control contaminated strips
would not read in the Abbott Precision
QID meter and always generated an error
message. However, the Roche Accu-
Chek Advantage GTS generated an error
only once out of four tests. The strips
contaminated with the same level of con-
trol gave erroneous results (low). The
strip contaminated with level 2 control
used to analyze the level 1 control gener-
ated a result that was within the accept-
able range for level 1.

Advantage test strips were then cont-
aminated with 0.1% dextrose in saline
intravenous solution, dried overnight,
and used to analyze patient specimens
(mean lab = 11.13 mmol/l, n = 5
patients). These strips also generated
erroneously low results (mean meter =
2.76 mmol/l, n = 5) in comparison to the
central laboratory, with an error only
once in six tests. Similar results were
obtained also with the newer Comfort
Curve strips (Roche Diagnostics)
although external contamination with
liquids is more difficult due to the side-
dosing of these test strips.

Since the initial complaint involved
high results for the meter, a second
experiment was conducted to investigate
the effects of air and light on the Advan-
tage test strips. Several strips were
removed from a new bottle and left
exposed on dry blotting paper away from
sources of moisture. When the Advan-
tage controls were used, results on these
strips increased over time (1.2-1.7
mmol/l in the first week and up to 7.1
mmol/l within 2 weeks). Visual inspec-
tion of the strips presented no evidence
of degradation. Given the direction of
the bias in the initial ICU incident and
the lack of evidence of strip contamina-
tion, exposure to air is the most likely
cause for the high bias.

The conclusion of this investigation
indicates the need to explicitly follow the
manufacturers instructions in keeping
the test strips dry and the storage con-
tainer tightly capped. Although other
studies have demonstrated degradation
to air and humidity with colorimetric test
strips (1-2), we were surprised to note
the ability of contaminated and/or
degraded electrochemical test strips to
generate a number rather than an error
message on the meter. This problem
places the responsibility of managing
patient test accuracy in the hands of the
operator. Clearly, glucose meter operators
need to be educated and warned of the
risk of strip contamination from intra-
venous and other liquids as well as expo-
sure to air. Even though quality control
should be capable of detecting such cont-
amination, we noted some results that
were within range. Additionally, within
our ICU, there was no evidence that
some of the strips may have been com-
promised, since a different bottle of strips
had been used for quality control on that
day. This study further emphasizes the
differences within currently marketed
devices in their ability to detect contami-
nated strips and prevent the reporting of
inaccurate results.
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COMMENTS AND
RESPONSES

Poor Performance of
American Diabetes
Association Criteria
in Women With
Gestational
Diabetes

tion (ADA) revised the criteria for diagno-

sis of abnormal glucose homeostasis
(AGH). Main modifications were 1) empha-
sis on using fasting plasma glucose (FPG),
2) lowering the FPG cutoff for diagnosis of
diabetes, and 3) introduction of a new cat-
egory (impaired fasting glucose [IFG]) (1).
In 1998, the World Health Organization
(WHO) endorsed the new cutoff values for
FPG, but maintained that the use of the
oral glucose tolerance test (OGTT) is a
more accurate method of diagnosing AGH
and diabetes (2). To date, more than 10
articles have reported on the poor concor-
dance between the two sets of criteria. In
addition, impaired glucose tolerance (IGT)
has been shown to have a higher sensitivity
than IFG for cardiovascular disease (3) and
to be a better predictor of diabetes (4) and
mortality (5).

Women with gestational diabetes
(GD) have a high risk of AGH, and recent
recommendations advocate assessing FPG
during those patients’ follow-up (1,6). In
an article by Kousta et al. (7) that focuses
on the performance of the 1997 ADA cri-
teria compared with the 1985 WHO crite-

I n 1997, the American Diabetes Associa-
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Table 1—Concordance between the 1997 ADA criteria to assess IFG and the 1998 WHO criteria
to assess IFG and IGT in 932 women with previous GD

1998 WHO criteria Prevalence by 1997
Normal IFG and IGT Diabetes ADA criteria (%)

1997 ADA criteria (n)

Normal 772 77 3 914

IFG — 55 5 6.4

Diabetes — — 20 21
Prevalence by 82.8 14.2 3.0 100

1998 WHO criteria (%)

ria in women with prior GD, rates of dia-
betes were reported to be similar, but esti-
mates of impaired glucose homeostasis
significantly differed (31.5% IFG vs.
10.9% IGT, respectively).

Our aim was to evaluate the concor-
dance between the 1997 ADA criteria and
the 1998 WHO criteria in 932 women with
previous GD (based on the Third Work-
shop-Conference criteria) who underwent
an OGTT 4.96 + 2.96 months after delivery:
Prepregnancy BMI was 24.06 + 3.91 kg/m?,
mean age was 32.48 £ 4.49 years, 99.8%
were Caucasian, and 59% had received
insulin therapy during pregnancy. The diag-
nostic results according to the two sets of
criteria are shown in Table 1. Overall con-
cordance was good (kappa 0.609, 95% CI
0.536-0.682), but 50% of abnormal tests
that were based on the 1998 WHO criteria
were classified as normal by the 1997 ADA
criteria. Discordance was higher in those
women who were diagnosed as having IFG
and IGT according to the 1998 WHO crite-
ria (58.3% had normal glucose homeostasis
according to the 1997 ADA criteria) than in
those who were diagnosed as having dia-
betes according to the 1998 WHO criteria
(28.6% did not have diabetes according to
the 1997 ADA criteria [P < 0.01]).

This report and that of Kousta et al.
(7) have found that use of the ADA crite-
ria grossly underestimates the frequency
of AGH in women with previous GD. The
discordance is easy to understand if we
consider that FPG-derived criteria do not
take sex into account (8). Given our pres-
ent knowledge of the relationships
between postchallenge blood glucose and
later diabetes, cardiovascular disease, and
mortality, we must aim at the diagnoses of
IGT and postchallenge diabetes. There-
fore, we must consider OGTT-derived cri-
teria as the “gold standard”; the 1997
ADA criteria categorize as normal and
skip meaningful diagnoses in 50% of

women with previous GD and current
AGH, as diagnosed according to the 1998
WHO criteria.

Our opinion is that women with previ-
ous GD should be tested with an OGTT.
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A Role for
Gestational
Diabetes in the
Excess Maternal
Transmission of
Type 2 Diabetes?

sample, Karter et al. (1) recently gave

further support to the hypothesis that
type 2 diabetes is predominantly transmit-
ted through ones maternal side. As dis-
cussed by the authors, exposure to a dia-
betic intrauterine environment has been
proposed to be a possible mechanism
responsible for this excess maternal trans-
mission (2,3). Interestingly, maternal
aggregation was more pronouced in female
type 2 diabetic patients than in males (1). It
is known that in a considerable number of
type 2 diabetic women, gestational dia-
betes (GD) precedes the onset of type 2 dia-
betes for years (4). On the other hand, GD
might reflect the diabetic intrauterine envi-
ronment as mentioned above. Conse-
quently, one could expect to find a mater-
nal aggregation of type 2 diabetes in the
family history of women with GD. There is
only one study that investigated the family
history of diabetes in GD pregnancies.
Martin et al. (5) observed a maternal aggre-
gation of diabetes in women with GD.
However, since the type of parental dia-
betes was not considered in this study; it is
still unclear whether there is a predomi-
nance of type 2 diabetes in mothers of

By analyzing a large multiethnic study
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patients with GD, as compared with
fathers. Furthermore, maternal excess
transmission was also observed on the
maternal-grandmaternal side of patients
with type 2 diabetes (6). On the other
hand, animal studies suggest an epigenetic
transmission of diabetes over several gen-
erations of the maternal side, accompanied
by spontaneous GD in each generation
(7,8). Therefore, it would be of interest to
extend the investigation on maternal and
paternal grandparents.

The family history of type 1 and type 2
diabetes was evaluated in 106 unselected
patients (mean age 27 + 5.6 years) with
GD attending the Clinic of Obstetrics and
Gynecology Berlin-Kaulsdorf, Berlin, Ger-
many. GD was diagnosed during the
26th—-28th week of gestation by means of
a 50-g oral glucose tolerance test using the
criteria of Fuhrmann (9,10). For all
patients, a standardized interview on the
history and type of diabetes in their par-
ents and grandparents was performed by a
physician during the first visit at the clinic.
If family members were said to have dia-
betes, patients were asked for the age of
onset, medication (insulin or oral), and
diabetes complications to verify the infor-
mation about the type of diabetes of the
affected relative. For further analysis, all
cases with an uncertain classification of
the type of parental diabetes were
excluded from evaluation (n = 5). Com-
parison of proportions was performed by
X2 statistics.

In patients with GD, the prevalence of
diabetes (all types) was significantly
greater in mothers than in fathers (20.7%
[22 of 106] vs. 9.4% [10 of 106]; x2 =
4.45; P = 0.03). Diabetes was significantly
more prevalent on the maternal-grandma-
ternal side than on the paternal-grandpa-
ternal side of women with GD (23.6% [25
of 106] vs. 9.4% [10 of 106]; x2 = 6.71;
P = 0.009). After exclusion of all cases
with uncertain classification (n = 5), a
greater prevalence of type 2 diabetes was
observed in mothers than in fathers of
women with GD (17.8% [18 of 101] vs.
7.9% [8 of 101]; x2 = 3.58; P = 0.05). A
significant aggregation of type 2 diabetes
was also observed on the maternal-grand-
maternal side as compared with the pater-
nal-grandpaternal side of patients with
GD (19.8% [20 of 101] vs. 7.9% [8 of
101]; x? = 5.02; P = 0.02). Concerning
the prevalence of type 1 diabetes, no
significant difference between the mater-
nal and paternal side of patients with GD

was observed (1% [1 of 101] vs. 1% [1 of
101]; x2 < 0.001; NS).

In conclusion, for the first time, an
aggregation of type 2 diabetes in mothers
and grandmothers of women with GD is
reported here. The data seem to favor the
hypothesis that maternal excess transmis-
sion of type 2 diabetes over successive gen-
erations includes the occurence of gesta-
tional diabetes, i.e., of a diabetic intrauter-
ine environment, intergeneratively. History
of type 2 diabetes on the maternal side of
pregnant women should be considered as a
particular risk factor for intergenerative
transmission of type 2 diabetes, which
therefore might be prevented, at least in
part, by strict avoidance of GD.
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Recent
Commencement of
Dialysis Is a Risk
Factor for
Lower-Extremity
Amputation in a
High-Risk Diabetic
Population

e read with interest the recent
Wstudy by Moss et al. (1) that
describes several risk factors for
lower-extremity amputations (LEA). Dur-
ing the last 2 years, we have observed a
high number of diabetic patients on renal
dialysis requiring LEA in Northland, New
Zealand (NZ). We have retrospectively
reviewed this group plus all diabetic
patients requiring amputation in our
region. We identified diabetic patients
who had had any type of limb amputation
between 1 January 1997 and 31 Decem-
ber 1998 and reviewed their hospital files.
There were 47 patients in total, 35 of
which were men. Although NZ Maori
account for only 25% of the Northland
population, 32 (86%) of the study group
were Maori, and the rest were of European
descent. There was a wide age range (32—
89 years), but most patients were in the
50- to 60-year age-group (median age 62).
Most had had known diabetes for at least
7 years (range 1-63, median 12).
Of the group, 79% had a raised serum
creatinine level (>0.12 mmol/l) and pro-

432

DiABETES CARE, VOLUME 23, NUMBER 3, MARCH 2000



teinuria (urinary protein >0.3 g/l) and 30%
(14 patients) were on renal dialysis at the
time of their amputations. Time from start-
ing dialysis (either hemodialysis or chronic
ambulatory peritoneal dialysis) to requiring
amputation was <1 year in the majority of
patients (range 2 weeks to 40 months,
median 7 months, mean 11.1 months).
Seven of these dialysis patients died within
1 year of undergoing amputation.

To put this in perspective, we have a
total of 61 patients in Northland on dialy-
sis, of whom 67% are diabetic and 50%
are Maori. There was only one nondiabetic
dialysis patient who required amputation
during the time period studied.

Looking more closely at the 14 dia-
betic dialysis patients who required ampu-
tation, again the majority were Maori men
with type 2 diabetes who were in their 50s
or early 60s. Half of them continued to
smoke and just under half had a history of
heavy alcohol use. All had LEA, and five
required bilateral amputations.

Peripheral vascular disease (PVD) was
universal, but only four patients had had
symptoms attributable to PVD, including
previous amputation, before commencing
dialysis. Most had documented peripheral
neuropathy.

Although the members of this group
were obviously at high-risk for foot
pathology, only eight had actually seen a
podiatrist and only two had had orthotic
input, usually because of nonattendance
to health care providers. Six patients
underwent angioplasty or surgery, but
they still came to need amputation within
a few weeks or months.

All had increased blood pressure and
diabetic retinopathy, and more than half
had ischemic heart disease, but very few
had abnormal lipids. Glycemic control
was poor in the majority of the patients,
but most were not overweight at the time
of amputation.

Northland has the highest rate of
amputation among renal dialysis units in
NZ and this is virtually all attributable to
the male Maori type 2 diabetic patients
undergoing dialysis. There is a known
increased prevalence of diabetes in the
Maori compared with New Zealanders of
European descent (2), and Northland has
a high percentage of Maori in the general
population compared with other regions
in NZ. The Maori have an increased inci-
dence of diabetic renal disease (2).

Most of the patients required ampu-
tation relatively soon after commencing

dialysis. The 50% 1-year mortality after
LEA in this group parallels the recent
observation that dialysis patients are
more likely to have a myocardial infarc-
tion within 2 years of commencing dialy-
sis and are less likely to survive compared
with patients undergoing renal transplant
or those with chronic renal failure not
treated with dialysis (3). Does dialysis
treatment cause acceleration of vascular
disease? Or is it that patients undergoing
transplant or not needing dialysis have
less vascular disease? There has been a
progressive lowering of the threshold for
acceptance of patients with comorbidities
in the dialysis program in NZ over the
last 5 years and, as this study illustrates,
diabetic patients with established periph-
eral vascular disease, even if asympto-
matic before commencement of renal
replacement therapy, are at particularly
high risk of requiring LEA soon after
starting dialysis.

Interestingly, in the patients not on
dialysis in this group, the majority had
abnormal renal function, indicated by a
raised serum creatinine level and protein-
uria. Proteinuria has previously been iden-
tified as a risk factor for LEA (1).

In conclusion, our findings support
the concept of chronic renal failure as a
“vasculopathic state” and highlight recent
commencement of renal dialysis as
another risk factor for LEA in a high-risk
diabetic population.
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Response to
Editorial by Flegal

commentary on the methodologies

that we used in a study in the same
issue of Diabetes Care (2). This dealt with
potential effects of dietary macronutrients
on lipoprotein profile in people with type 2
diabetes. The study used methods com-
monly utilized in observational epidemio-
logic studies; the editorial discussed the rel-
ative merits of this approach compared
with experimental designs, which are issues
that are familiar to epidemiologists. Flegal
noted that, despite several strengths, obser-
vational studies are subject to a variety of
biases and that studies of dietary intake and
health outcomes may be particularly prone
to some of these.

Unlike the vast majority of studies of
diet and health, results presented in our
article were based on two very different
dietary assessments: one relying nearly
exclusively on generic or habitual memory
(the food-frequency interview), and the
other relying nearly exclusively on
episodic short-term recall (24-h dietary
recall). Although both methods have their
shortcomings, it is widely assumed that
the errors in each are fairly different from
one another and therefore not highly cor-
related (3). To obtain fairly similar results
across such different assessment methods
contributes to one of the key criteria in
judging causality (i.e., consistency) (4-6).

We agree that it is generally underap-
preciated that errors in dietary assessment
can create serious problems in data analy-
ses and interpretation of results from epi-
demiologic studies. It must be noted, how-
ever, that many conceivable measurement
errors could beset a study, irrespective of its
design. This point notwithstanding, we
would like to note that experimental
designs also suffer from a unique set of lim-
itations that represent additional potential
sources of inaccuracy and imprecision.
These include the following:

Q recent editorial by Flegal (1) provided

1. Incomplete compliance to dietary
interventions that may or may not be
measured. (It is widely appreciated that
people are poor at maintaining directed
dietary change over periods of even a
few months.)

2. Unmeasured or highly inaccurate
assessment of (nonintervention) dietary
and other potential confounders. There
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is a general lack of appreciation of the
need to measure and control for other
aspects of diet and relevant aspects of
lifestyle, such as physical activity, that
may differentially impact control and
experimental groups. Such measure-
ments may not be necessary in highly
controlled studies, such as those con-
ducted in metabolic wards, but then
issues about sample size, duration of
exposure, and applicability to the real
world must be faced.

3. Limited duration of the intervention,
particularly when short-term effects
may differ from long-term effects due
to biologic accommodation (as may
be the case with effects of carbohy-
drate on triglyceride concentration).

4. Sample sizes that are often limited for
practical reasons of cost. This usually
severely limits statistical power, partic-
ularly within subgroups of importance
(e.g., sex, race or ethnicity, diabetes
status, or weight-change status).

Such difficulties may explain, in part,
inconsistencies within the clinical trial litera-
ture, as evidenced by the need for meta-
analyses to understand overall trends, even
across studies that were clearly well con-
ducted in a highly consistent manner (e.g.,
randomized crossover designs with
isocaloric interventions in subjects with dia-
betes, all with durations of 2—-6 weeks) (7).

The process of science is one that
allows for truth to emerge from numerous
sources, each with its own unique set of
strengths and weaknesses. This is espe-
cially true in studies of humans. It was
with this in mind that Hill (6) developed
the criteria for judging causality that
became the centerpiece for the 1964 Sur-
geon Generals Report on Smoking and
Health (4). Each taken alone, observa-
tional and experimental designs are inade-
quate for elucidating the truth. There is a
clear need for both types of studies to be
conducted so that each approach informs
the other. Consistency of results across
well-conducted studies that differ in
design, subject populations, overall set-
tings, and other characteristics is a key
tenant of establishing causal relationships.
It was with this in mind that we included
results from—not one—but two epidemi-
ologic studies that used two different
approaches to dietary assessment. The
general consistency in findings between
these two studies speaks to the potential
for each to have yielded an estimate of

truth. Furthermore, within each study,
although all participants included in the
analyses had confirmed type 2 diabetes,
subgroups of particular interest to the
research questions were included. Again,
general consistency between subgroups
(with some exceptions, as discussed in the
article) and across studies indicates that
the results have scientific merit. Taken
together, the findings contribute to the
hypothesis that reducing dietary fat intake
improves lipoprotein profile in most peo-
ple with diabetes.
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Controlled Trials of
HbA.. Measurements

relevant research question in their
recently published article. Specifically,
they ask: Does the availability of rapid
HbA,. measurement technology lead to
changes in diabetes management and later
outcome? Because this is a question of

Thaler etal. (1) have studied a clinically

intervention effect, they appropriately pro-
posed a randomized controlled trial design.
This design is the “gold standard” for evi-
dence of treatment effects because it is the
method most likely to give results that are
relatively free from confounding (2). How-
ever, it is unclear whether such a design was
actually implemented. Thaler et al. (1) insti-
tuted a system of even and odd days for
availability or not of the rapid HbA, tech-
nology. This system has the potential to
introduce bias if the choice of appointment
day was influenced by patient characteris-
tics (either known or unknown), unless the
patients were individually randomized first
and then booked according to their assign-
ment without allowing changes from even
to odd days, or vice versa.

Confounding leads to incorrect con-
clusions because the effects of the con-
founder on the outcome are wrongly con-
sidered as effects resulting from the inter-
vention. Biased results due to confounding
have been shown when observational
studies of treatment effect that used either
historical controls or concurrent controls
were compared with results of the same
intervention studied by randomized con-
trolled trials (3,4). Random allocation of
patients to the experimental or control
condition prevents biased allocation while
tending to balance groups for both known
and unknown potential confounders (2).
Appropriate study design is critical, second
in importance only to the research ques-
tion itself. Even though there do not seem
to be large differences between the groups
for the “bare-bones” demographic features
listed in Table 1, a full description (as
detailed in the CONSORT Statement [5])
of whether this study team (1) used ran-
domization is important to the readers
considering the results.

If individual randomization is imprac-
tical, group randomization can be consid-
ered. For example, here one could reveal
on any given day whether that day had
previously been randomized to rapid or
conventional (if secrecy could be main-
tained). The appropriate sample size and
statistical test would then be based on the
number of success versus failure days under
each system.
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Response to
Taback

e appreciate the comments of Dr.
WTaback (1) regarding randomiza-

tion of patients for receiving a con-
ventional or rapid HbA,. measurement in
our study (2). His concern is whether the
system of even versus odd days might have
introduced a bias if the choice of appoint-
ment day was influenced by patient char-
acteristics. He also suggests that random-
ization should have occurred first, then
patients booked according to assignment.

We offer the following clarifications
regarding the methodology that we used:

Patients were not actively randomized
on an individual basis, which otherwise
would have been the ideal situation, as
suggested by Dr. Taback.

The patients’ appointment dates were
preset by front-desk clerks who were not
involved or aware of the study before, dur-
ing, or after it was completed. When
patients check out, front-desk clerks nor-
mally receive a written request from
providers to schedule a follow-up appoint-
ment for an individual patient in a specific
period of time. The clerk (not the care
provider) decides on the specific date,
depending on availability, irrespective of
whether the date is even or odd. In addi-

tion, the clerk is not aware of a patient’s
characteristics, other than name and med-
ical record number.

Therefore, we made use of the fact
that patients were preassigned an odd or
even follow-up appointment date at ran-
dom, without interference of the provider,
so that a crossover bias could not have
occurred. Table 1 shows, as expected, that
there were no significant differences in
number, age, sex, race, BMI, diabetes
duration, type of therapy, years of follow-
up, and HbA,; between the two groups.
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Cancer in a Patient
Receiving IGF-I
Therapy

e read with great concern the
Warticle by Thrailkill et al. (1) that

appeared in the April 1999 issue
of Diabetes Care. During the trial of IGF-I
cotherapy with insulin described in this
article, we were involved in the opera-
tions of the clinical center at Harper Hos-
pital and Wayne State University School
of Medicine in Detroit as principal inves-
tigator (G.G.) and as ophthalmic exam-
iner and also as a study subject (R.N.F).
One serious adverse event that occurred
during our centers participation in this
trial that may have been related to this
therapy was not described by the
authors, even though this event was
reported to the sponsor (Genentech) and
to the U.S. Food and Drug Administra-
tion and therefore should have been
known to Thrailkill et al.

Letters

One of our subjects, a 58-year-old
man with a 42-year history of type 1 dia-
betes, developed pain in the right hip and
experienced a 10-1b (4.5-kg) weight loss
after 2 months of therapy in this study
with what was later revealed to be the low-
dose (40 g twice daily) IGF regimen. The
symptoms were initially ascribed to inter-
trochanteric bursitis because the physical
examination, plain-film X-rays of the
femurs and pelvis, complete blood count,
and sedimentation rate were all within
normal limits, and joint pain and weight
loss were described in the investigators’
brochure supplied by Genentech as previ-
ously observed side effects of IGF therapy.
However, when the pain persisted after the
conclusion of the 3-month therapeutic
regimen and the weight loss increased to
16 Ib (7.3 kg), further investigation
including magnetic resonance imaging
and biopsy revealed a primary non-Hodg-
kins lymphoma in the proximal right
femur with a secondary lesion in the distal
left femur.

The occurrence of cancer in a patient
related to his or her participation in aclin-
ical trial is, by definition, a serious adverse
event that must be reported, even if the
relationship of the cancer to the study
drug or other therapy is considered
unlikely. For example, Thrailkill et al. (1)
reported the single death in their study
even though, as they pointed out, the
individual who died was enrolled in the
control group. They also described other
possible adverse effects of IGF treatment
even when only one study subject was
involved. The malignancy that occurred
in the case described above occurred in a
patient in one of the treatment groups,
making the reporting of this event even
more essential. The occurrence of a malig-
nancy in only 1 of 223 subjects enrolled
in this study makes a relationship to IGF
therapy uncertain, but there are at least
some reasons for viewing it as plausible.
The symptoms began during treatment
with the study drug. The symptoms had
been described in the investigators’
brochure supplied by the sponsor as hav-
ing been observed previously in individu-
als treated with IGF-I. Finally, IGF-1 has
been associated previously with several
forms of cancer, including carcinoma of
the colon (2-4), carcinoma of the prostate
(5,6), carcinoma of the breast (7), as well
as hematologic malignancies (8).

We believe that failure to mention this
serious adverse event by Thrailkill et al. in
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their report of the IGF-1 study (1) is a most
regrettable omission that may be substan-
tially misleading to readers of this article
regarding the safety of the IGF-1 regimen.
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Cotherapy With
Recombinant Human
IGF-1 and Insulin
Improves Glycemic
Control in Type 1
Diabetes

binant Human Insulin-Like Growth

Factor | and Insulin Improves Glycemic
Control in Type 1 Diabetes,” Thrailkill et
al. (1) demonstrate that 12 weeks of
recombinant human IGF-1 (rhIGF-I) and
insulin cotherapy improves glycemic con-
trol in patients with type 1 diabetes better
than optimized insulin management
alone. In contrast with the Diabetes Con-
trol and Complications Trial (DCCT) (2),
the improvement in glycemic control was
not associated with an increased frequency
of hypoglycemic events. Although a previ-
ous study evidenced a loss of therapeutic
effect after 3 months of therapy (3), the
authors are to be commended for explor-
ing new strategies for a better treatment of
patients with type 1 diabetes. However, we
are very much concerned about the oph-
thalmological changes of the patients
treated with rhIGF-1 as an adjunct to
insulin therapy.

In the study, 16 of 199 patients showed
a three-step or greater increase in the Early
Treatment of Diabetic Retinopathy Study
score after 12 weeks of treatment. Of these
16 patients, 12 had concomitant optic disk
swelling (ODS), and 3 of these 12 patients
received laser photocoagulation. In 4 of the
16 patients who experienced an early wors-
ening of retinopathy, retinal changes were
extensive, including neovascularization of
the optic disk with associated ODS. In sum-
mary, a total of 24 patients (12%) had ODS
(17 with definite ODS and 7 with question-
able ODS) (1).

It is remarkable that despite the rela-
tively short period of cotherapy (12 weeks)
and the absence of hypoglycemic events,
16 patients had a significant worsening of
retinopathy including neovascularization
at the optic disk, which represents a severe
form of proliferative retinopathy. The
authors state that the progression of the
retinal disease is probably dose-related,
since most of these patients were receiving
one of the two highest rhiGF-1 doses. The
hypothesis that a worsening of diabetic
retinopathy might also be associated with
long-term therapy at the lowest rhIGF-I

I n their article “Cotherapy With Recom-

doses should be carefully investigated and
hopefully excluded.

The high prevalence of ODS among
the treated patients deserves a more accu-
rate evaluation of the causative effects. It
is unfortunate that patients showing ODS
did not undergo further and more exten-
sive examination. There appears to be a
causal relationship between the initiation
of rhIGF-I with the development of ODS.
The pathogenesis of rhlGF-I-induced
papilledema is probably related to the
occurrence of pseudotumor cerebri (PTC).
In 1993, Malozowski et al. (6) described 22
children and 1 adult identified by a Food
and Drug Administration database who
were treated with recombinant growth hor-
mone or IGF-I and developed PTC. The
pathogenesis of rhlGF-l-induced PTC
remains unknown and warrants further
studies. It may involve alterations in cere-
brospinal fluid (CSF) drainage across the
arachnoid villi (7). Increased levels of IGF-1
in the CSF may act on IGF-I receptors in
the choroid plexus to increase CSF produc-
tion (8). Alterations in sodium and water
retention may also play a role.

In conclusion, the safety of cotherapy
with rhIGF-I in regard to ODS should be
more carefully investigated before rhIGF-I
in adjunct with insulin therapy is pro-
posed and initiated as a new treatment of
patients with type 1 diabetes.
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Response to Frank
and Grunberger

comments of Drs. Frank and Grun-

berger (1) in reference to our article
titled “Cotherapy With Recombinant
Human Insulin-Like Growth Factor | and
Insulin Improves Glycemic Control in
Type 1 Diabetes.”

A review of the chronology of events
related to this particular patient is provided
for the reader. The patient described was a
57-year-old man who was enrolled in the
study and began treatment with active
IGF-1 therapy (40 pg/kg twice daily) on
5 April 1996. On 15 May 1996, the subject
reported increased hip pain bilaterally and
began physical therapy. Hip X-rays, labo-

The authors greatly appreciate the

ratory tests, and a sedimentation rate were
all normal at that time. A work-up for
rheumatoid arthritis was also negative.
However, the hip pain continued and in
January 1997 (after study completion, and
6 months after drug exposure), a magnetic
resonance imaging scan showed neoplastic
marrow and the patient was diagnosed
with non-Hodgkins lymphoma (NHL). In
March 1997, an investigational new drug
(IND) safety report describing this adverse
event was filed with the Food and Drug
Administration.

The intent of this work was to report
on events as they relate to the described
pretreatment, 12-week treatment, and rea-
sonable post-treatment follow-up period
for the study The one patient death
reported in this article occurred while that
subject was participating in this study. A
summary of adverse events during this
trial was included in Table 2 in that article.
The patient described by Drs. Frank and
Grunberger is included among 10 subjects
reported with arthralgias in the 40/40-
dose group; in this subject, symptoms of
arthralgias were present during the period
of his participation in the study.

As noted by Drs. Frank and Grun-
berger, the relationship of this event to
previous recombinant human IGF-1 expo-
sure remains uncertain. Among men of
this patients age, the incidence of NHL is
reported as ~35/100,000 person-years. It
is possible that the diagnosis of NHL in a
male patient of this age bears no relation-
ship to previous recombinant human IGF-I
exposure. Alternatively, because the sub-
ject’s hip pain was described by investiga-
tors as an increase in preexisting hip pain,
the presence of microscopic malignant
disease might also have predated this sub-
jects participation in the study.

Among all Phase Il/lll recombinant
human IGF-I studies conducted by
Genentech, three additional IND safety
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reports describing neoplastic disease have
been submitted. In two patients, post-
study excision of irregular nevi present
before study drug administration revealed
a diagnosis of malignant melanoma. One
patient had received recombinant human
IGF-1 for 12 weeks. The other patient had
received placebo. Another subject with
inactive Kaposis lesions received recom-
binant human growth hormone and
recombinant human IGF-1 for 12 weeks.
After discontinuation of therapy, new
lesions developed. The investigator con-
sidered the new lesions possibly related to
the study drug and possibly related to
underlying disease. At this time, review of
safety data from all Genentech recombi-
nant human IGF-I clinical trials does not
demonstrate an increased risk of malig-
nancy after recombinant human IGF-I
exposure.

The authors acknowledge the concern
of Drs. Frank and Grunberger and agree
that the potential risk of malignancy after
recombinant human IGF-I treatment
should be carefully monitored in future
clinical trials. To date, however, no causal
relationships between recombinant human
IGF-I treatment and human cancers have
been documented either in the literature
cited by Drs. Frank and Grunberger or in
the study that we have presented.
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