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O B S E RVAT I O N S

M e t f o rmin Lowers
L i p o p rotein(a) Levels

Re c e n t l y, a study of women with poly-
cystic ovary disease showed a 42%
d e c rease in levels of lipopro t e i n ( a )

[Lp(a)] with the use of metformin (1).
H o w e v e r, in two further studies in which
the primary goal was to study metform i n ’s
e ffect on fibrinolysis, Lp(a) levels were not
d e c reased (2,3).

To assess the effect of metformin, we
i d e n t i fied 23 patients who had lipid pro-
files perf o rmed before and after the initia-
tion of metformin therapy. All patients
w e re receiving a stable dose of anti-lipid
medications during the period of assess-
ment. Lp(a) levels were measured by an
ultracentrifuge method, the VA P - I I
method, which has been validated against
the Northwest Lipid Research Laboratories
in Seattle, Washington (4).

Of the 23 study patients, 9 were
female, 5 were African-American, and the
remaining patients were white males. The
mean age was 64.1 ± 6.1 years. In nine
patients, C-peptide levels were available,
and the mean level was 3.6 ± 1.8 ng/dl. The
average metformin dose was 1.5 ± 0.5 g.

The average Lp(a) level before met-
f o rmin therapy was 10.9 ± 3.2 mg/dl; after
m e t f o rmin therapy, it was 9.7 ± 5.4 mg/dl
(P = 0.03). The Lp(a) level rose in seven
patients, all of whom had demonstrated a
p re - m e t f o rmin level 10 mg/dl.

Thus, this re t rospective nonrandom-
ized noncontrolled study provides evi-
dence that Lp(a) levels decrease with met-
f o rmin. This finding is especially import a n t
because in our study and in one other
s t u d y, the other available insulin sensitizer,
t roglitazone, has been shown to incre a s e
Lp(a) levels (F.O., D.S.H.B., unpublished
o b s e rvations; 5). Because most of our
patients had Lp(a) levels within the norm a l
range in both of our re t rospective studies
of metformin and troglitazone, a pro s p e c-
tive randomized placebo-controlled study
that includes only patients with elevated
Lp(a) levels in relation to their racial gro u p
is needed. The Lp(a) levels should be
m e a s u red by a single re f e rence laboratory
using a radioimmunoassay method.

In conclusion, we have shown in a
nonrandomized non–placebo-contro l l e d

re t rospective outcome study that met-
f o rmin lowers Lp(a) levels.
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Troglitazone 
I n t e rf e res With 
G e m fib rozil's 
Lipid-Lowering Action

Troglitazone lowers glucose by activat-
ing peroxisome pro l i f e r a t o r- a c t i v a t e d
receptor (PPA R ) - in the nuclei of

myocytes and adipocytes (1). Gemfib ro z i l ,
by activating PPA R - in the nucleus of the
hepatocytes, results in a decrease in
hepatic production of triglyceride and
t r i g l y c e r i d e - related lipoproteins and in a
lowering of serum levels (2). There are no
re p o rts of a cro s s - reaction between gemfi-

b rozil and troglitazone; that is, tro g l i t a-
zone does not stimulate PPA R - , and gem-
fib rozil does not stimulate PPA R - ( 2 ) .
T h e re f o re, gemfib rozil should have no
d i rect effect on glycemia, and tro g l i t a z o n e
should have no direct effect on dyslipi-
d e m i a .

R e c e n t l y, we have been conducting a
re t rospective outcome analysis of our
patients who had already been re c e i v i n g
anti-lipid therapy with gemfib rozil and/or

- h y d ro x y - - m e t h y l g l u t a ryl (HMG) CoA
reductase inhibitors (statins) when tro g l i-
tazone therapy was started. To our sur-
prise, we found that overall triglycerides
w e re elevated with troglitazone use, and
we undertook a further analysis of our
data to investigate the effects of a combina-
tion of gemfib rozil and troglitazone on
triglycerides and related lipopro t e i n s .

B e f o re starting treatment with tro g l i t a-
zone, all patients had been taking a statin,
g e m fib rozil, or both, and the dose of these
d rugs remained stable throughout the
period of the study. The goal of start i n g
t roglitazone therapy was either to re d u c e
insulin needs or to improve glycemic con-
t rol, and with the use of tro g l i t a z o n e ,
either a significant improvement in
glycemic control or a significant decre a s e
in insulin dose was found in patients with
those respective goals.

The patients were divided into two
g roups, those taking gemfib rozil and those
not taking gemfib rozil. In the 18 patients
taking gemfib rozil, there was an average
i n c rease in triglycerides from 197.3 to
250.2 mg/dl (P = 0.04) and an increase in
VLDL cholesterol from 39.4 to 48.9 mg/dl
(P = 0.04) despite a statistically signific a n t
i m p rovement in glycemic control (HbA1 c

i m p roving from 7.6 to 7.0%, P = 0.002).
On the other hand, in the 14 patients not
using gemfib rozil but using a statin, there
was no change in levels of triglycerides
( f rom 127.3 to 137.5 mg/dl, P = 0.21) or
VLDL cholesterol (from 25.4 to 27.4
mg/dl, P = 0.3) despite an improvement in
glycemic control (HbA1 c, from 8.3 to
7 . 8 % ) .

These results suggest that gemfib ro z i l ’s
e ffect of lowering triglycerides and triglyc-
e r i d e - related lipoproteins is lost when
t roglitazone is used concurre n t l y. This loss
could be the result of troglitazone attach-
ing to PPA R - as well as to PPA R - . Thus,
t roglitazone may occupy the receptor sites
t h rough which gemfib rozil exerts its
e ffects, annulling the lipid-lowering eff e c t .
If this effect is shown to occur with all
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fibrates, the use of other triglyceride-low-
ering drugs, such as nicotinamide, would
be needed in the diabetic patient who uses
t roglitazone and has persistent hyper-
triglyceridemia despite adequate glycemic
c o n t rol. A prospective randomized study
of the use of fibrates in the diabetic patient
who uses thiazolidinediones is needed to
c o n firm this fin d i n g .
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A c a r b o s e - A s s o c i a t e d
H e p a t o t o x i c i t y

Acarbose, a complex oligosaccharide
that acts by competitive and
reversible inhibition of small intes-

tine bru s h - b o rder -glucosidases there b y
delaying absorption of carbohydrates in
the gut, is increasingly being used for the
t reatment of NIDDM (1). Because acar-
bose is minimally absorbed in unchanged
f o rm after oral administration, the drug is
widely believed to be safe, with only fla t u-
lence as a commonly re p o rted complaint
(2) and, rare l y, severe gastrointestinal dis-
turbances such as ileus (3,4). We have pre-
viously described a patient who developed
acute hepatic injury while on acarbose (5).
We describe an additional two cases of
hepatotoxicity probably related to acar-
bose treatment. Both cases were submitted
to a regional re g i s t ry of hepatotoxicity in
use in Andalusia, Spain, since 1994.

Case 1: A 45-year-old man had
received a diagnosis of NIDDM 3 years
b e f o re presentation and was pre s c r i b e d

acarbose (50 mg three times daily) in May
1994. The drug was well tolerated. In
November 1995, a routine laboratory
work-up revealed a serum aspart a t e
aminotransferase (AST) concentration of
62 U/l and a serum alanine aminotrans-
ferase (ALT) concentration of 127 U/l. His
total and direct bilirubin, alkaline phos-
phatase, and -glutamyltransferase were
within the normal range. He had a history
of nephrolithiasis, no toxic habits, and was
not taking any other drugs. Screening for
viral hepatitis (B, C cytomegalovirus, and
E p s t e i n - B a rr virus) and autoimmune liver
d i s o rders (anti-nuclear antibodies, anti-
smooth muscle antibodies, anti-mitochon-
drial antibodies, and anti–liver- k i d n e y
m i c rosomal antibodies) was negative.
Results of iron and copper studies were
also negative. Abdominal ultrasonography
was normal. 

By Febru a ry 1996, his ALT rose to 153
U/l. Suspecting this increase in liver
enzymes could be drug-induced, acarbose
was withdrawn in November 1996, and 4
months later the results of his liver test had
re t u rned to norm a l .

Case 2: A 54-year-old nonobese
woman was prescribed acarbose (50 mg
t h ree times daily) for NIDDM in May
1997. She presented with fatigue and dark
urine 5 months later. Her past medical his-
t o ry was unremarkable. She had no toxic
habits, and she denied taking any other
medications or herbal remedies. Physical
examination was normal except for the
p resence of jaundice. Her AST level was
2436 U/l, her ALT level was 2,556 U/l, her
total bilirubin level was 4.67 mg/dl (with a
d i rect bilirubin level of 3.19 mg/dl), her -
glutamyltransferase level was 601 U/l, and
her alkaline phosphatase level was 174
U/l. Serology ruled out viral hepatitis A, B,
and C (the latter by polymerase chain
reaction), cytomegalovirus, and Epstein-
B a rr virus. No autoantibodies were pre s-
ent. Ultrasonography showed a norm a l
liver and gallbladder and no expanded bile
duct. Acarbose was stopped, and the
results of her liver test were normal within
5 months.

The mechanism of drug-induced liver
i n j u ry can be intrinsic (dose-dependent) or
a l l e rgic (idiosyncratic), symptoms usually
appearing soon after exposure (6). Unpre-
dictable hepatotoxicity may also re s u l t
f rom a metabolic aberration, rather than
h y p e r s e n s i t i v i t y, and usually develops after
latency periods of 1 week to 12 months or
l o n g e r, with no apparent signs of allerg y

(7). The temporal relation between institu-
tion of acarbose therapy and the onset of
hepatic abnormalities, the resolution after
stopping the drug, and the absence of
a l t e rnative explanations strongly suggest
the implication of acarbose.

As far as we know, only three cases of
hepatotoxicity related to acarbose tre a t-
ment have been re p o rted (5,8,9). The clin-
ical course of patient 2 was closely similar
to that of patients previously described,
with liver damage classified as acute hepa-
tocellular injury according to intern a t i o n a l
consensus criteria (10). In contrast, the
p ro file of liver testing in patient 1 is con-
sistent with chronic hepatocellular injury
(10). As in the three other patients
re p o rted (5,8,9), the features of hypersen-
sitivity (fever, rash, and eosinophilia) were
absent. Taking this account together with
the relatively long latency period between
d rug intake and symptom onset, the
mechanism of acarbose-induced hepato-
toxicity suggests a metabolic idiosyncrasy,
caused by the original compound or its
metabolites, mainly 4-methylpyro g a l l o l
derivatives (11).

I n t e re s t i n g l y, the three cases pre v i-
ously re p o rted, as well as the two patients
p resented here, were Spanish. More o v e r,
t h ree of them were detected in South
Spain, which suggests that genetic varia-
tions in acarbose metabolism could
account for the hepatotoxicity. In conclu-
sion, hepatotoxicity, although a very rare
adverse event of acarbose therapy, can be
s e v e re, and clinicians should be aware of
this possibility when prescribing the dru g .
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Maggot Therapy for
the Treatment of
Diabetic Foot Ulcers

The beneficial effect of fly larvae for
wounds was first observed by Baro n
L a rre y, physician-in-chief to Napo-

l e o n ’s armies and by Dr. Joseph Jones, a
medical officer during the American Civil
Wa r. While working with soldiers who
remained wounded for several days in the
b a t t l e field, they noticed that maggots
developed at the wound destroyed only
n e c rotic tissue (1). Maggot therapy (MT),
the intentional treatment of suppurative
skin infections with the larvae of cal-
liphorid flies, was first introduced by Baer
in 1931 (2). This method was used exten-
sively in the 1930s and early 1940s in

300 hospitals in the U.S. alone (3), but it

was abandoned with the introduction of
antibiotics and the use of aggressive surg i-
cal debridement. MT was re i n t roduced in
the U.S. in 1989 (4–6) and has been used
since the mid-1990s in the U.K. (7) and
Israel (8). In the last 8 years, hundreds of
patients have been treated by this method.
In the present study, we re p o rt the tre a t-
ment of diabetic patients having
intractable severe skin lesions with the
maggots of the green bottle fly, P h a e n i c i a
(Lucilia) sericata.

A colony of P. sericata was maintained
in the laboratory. Sterile eggs and maggots
w e re obtained according to Sherman and
M y - Tien Tran (9). The wound was sealed
c o m p l e t e l y, and surgical pads applied to the
d ressing to absorb wound exudate were
held in place with tape or a bandage (5).

Since 1996, 27 foot ulcers of 22 dia-
betic patients (17 men and 5 women),
aged 41–95 years (mean 64.8), were
t reated using MT. The patients, 12 of
whom were hospitalized and 10 ambula-
t o ry, were treated in four departments of
Hadassah Hospital, two geriatric hospitals,
and one outpatient clinic in Jeru s a l e m .
The wounds had existed for 1–48 months
(mean 10.3). MT was selected when all
other surgical and nonsurgical tre a t m e n t
methods, including hydrogel and hydro-
colloid dressings, antibiotics, hyperbaric
oxygen, and disinfectants, had failed to
heal the wounds. Informed consent was
obtained from the patient or, when the
patient was unable to give informed con-
sent, from the legal guardian. Depending
on the size and depth of the wound,
50–1,000 maggots, 24–48 h old, were
applied to the skin two to five times
weekly and were left on for 24–72 h.
T h e re a f t e r, they were washed out of the
wound with a jet of sterile physiological
saline; if necessary, they were re m o v e d
with forceps. The wound was pho-
tographed after each treatment or, at least,
w e e k l y. The wound quality (i.e., necro s i s ,
drainage, and purulence) was re c o rd e d
during each visit, and the odor of the
wound and the degree of pain re p o rted by
the patient were noted.

Depending on the size of the wound,
the number of treatments varied between
1 and 23 (mean 5.7), and the period of
t reatment varied between 1 and 45 days
(mean 12.0). In 12 patients with superfi-
cial wounds, the lesions were debrided
after only 1–4 treatments within 1–8 days.
Debridement was complete in 18 wounds
(66.7%), significant in 6 wounds (22.2%),

and partial in 2 wounds (7.4%); 1 wound
(3.7%) remained unchanged. The thre e
wounds that did not respond to MT were
located under the sole or between the toes.
Because these patients were walking, the
maggots were squashed underfoot, and as
a result the outcome was poor. In fiv e
cases in which diabetic patients were
re f e rred for amputation of the leg, the limb
was salvaged. In an additional five patients
with deep wounds, septicemia had been a
serious threat but was prevented as a re s u l t
of MT. As the therapy pro g ressed, new lay-
ers of healthy tissue formed over the
wounds. The offensive odor emanating
f rom the necrotic tissue and the intense
pain accompanying the wound decre a s e d
s i g n i fic a n t l y. The majority of the patients
did not complain of major discomfort dur-
ing the treatment. Six patients with super-
ficial, painful wounds complained of
i n c reased pain during treatment with
maggots and were treated with analgesics.
After maggot debridement therapy,
patients were either sent for skin trans-
plant or treated with hydrocolloid dre s s-
ings or disinfectants.

R e p o rts of successful MT in abscesses,
b u rns, cellulitis, gangrene, ulcers, osteo-
myelitis and mastoiditis have been pub-
lished (2,3,10,11). This method is used
when antibiotic treatment, surg i c a l
debridement, and drainage do not halt pro-
g ressive tissue destruction. It has been re c-
ommended especially for patients with dia-
betic foot and pre s s u re ulcers.

In our study, maggots debrided the
wounds in 12 of 22 patients within 1
week, and the average treatment period
was 2 weeks. In a study that started in
1990 and used maggots to treat re c a l c i-
trant wounds, MT completely debrided
most necrotic wounds within 1 week,
demonstrating MT to be significantly more
rapid than all other nonsurgical methods
(4). Wound healing rates were faster in
patients treated with MT than in patients
receiving only conventional dressing. Of
the 14 wounds that did not receive pre s u r-
gical MT, 8 became infected postopera-
t i v e l y, whereas none of the 5 wounds
t reated pre s u rgically with maggots became
infected postoperatively.

The main disadvantages of MT are its
esthetic and psychological aspects. Care
should be taken to restrict the maggots to
the area of the wound, using appro p r i a t e
d ressing. Analgesic treatment is re c o m-
mended in cases in which the wound is
too painful.
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D i ff e rent mechanisms of wound heal-
ing by maggots have been suggested, for
example, 1) liquefaction of necrotic tissue
by secretion of proteolytic enzymes; 2)
digestion of necrotic tissue as food by lar-
vae; 3) mechanical washing out of bacteria
by the serous exudate caused by the irr i t a t-
ing effect of maggots in the wound; 4)
d e s t ruction of bacteria in the alimentary
tract of the maggots, and in the wound, by
their excretions, which contain antibacter-
ial substances; 5) change in the wound of
an acidic pH to a beneficial alkaline pH as
a result of the ammonia and calcium car-
bonate excreted by the maggots; 6) secre-
tion by the maggots of substances with
healing pro p e rties, such as allantoin and
u rea; and 7) formation of granulation tis-
sue resulting from mechanical stimulation
of viable tissue caused by the continuous
crawling of the larvae and the excretion of
g rowth-stimulating factors (3).

MT appears to be a valuable and cost-
e ffective tool in the treatment of wounds
and ulcers that are unresponsive to conven-
tional treatment and surgical interv e n t i o n .
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Magnesium 
Supplementation in
Type 2 Diabetes

Hypomagnesemia is a common fin d-
ing in diabetic patients with poor
metabolic control and is associated

with diabetic late complications in cro s s -
sectional studies. However, it is not
known whether hypomagnesemia re p re-
sents an independent risk factor for dia-
betic complications. So far, the impact of
hypomagnesemia on insulin re s i s t a n c e ,
the development of diabetes, and diabetic
late complications is controversial. On the
other hand, it is possible that hypomagne-
semia is associated with the diabetic state
per se as an epiphenomenon. A possible
explanation could be increased urinary
magnesium loss, especially in patients
with poor metabolic control; however,
i m p rovement of metabolic control for 3
months did not lead to an increase of
plasma magnesium levels (data for a
longer period are re q u i red) (1). Although
magnesium substitution seems to have
b e n e ficial effects in diabetic patients with
hypomagnesemia, no guidelines concern-
ing dosage and duration of treatment have

been established so far. A consensus con-
f e rence of the American Diabetes Associa-
tion (2) concluded that prospective long-
t e rm studies are needed to determ i n e
whether magnesium deficiency incre a s e s
the risk of complications such as card i o-
vascular disease, re t i n o p a t h y, or nephro p a-
thy in patients with diabetes. The consen-
sus statement suggests that serum magne-
sium levels in diabetic patients with risk
for hypomagnesemia, e.g., congestive
h e a rt failure, coro n a ry art e ry disease,
ethanol abuse, long-term parenteral nutri-
tion, or pre g n a n c y, should be determ i n e d .
Those patients should receive a re p l a c e-
ment therapy if hypomagnesemia can be
demonstrated. 

R e c e n t l y, a study by de Lourdes Lima
et al. (3) has been published addre s s i n g
the question of magnesium substitution in
patients with type 2 diabetes, of which
47.7% had hypomagnesemia. The authors
w e re comparing the effect of a dose-
dependent magnesium substitution on
metabolic control and on serum magne-
sium levels in patients with type 2 dia-
betes. One group was receiving a half-
maximal dosage (20 mmol/day), the other
g roup the maximal therapeutic dosage (40
mmol/day), and the patients were
o b s e rved for 30 days. The patients were
on relatively poor metabolic control on
oral and dietary treatment (HbA1 c 9.0 and
10.2%, respectively). Although there was
no significant rise of plasma magnesium
levels in either group, the group re c e i v i n g
the maximal dose could achieve plasma
magnesium levels equal to those of healthy
c o n t rol subjects after 1 month of tre a t-
ment, whereas in the other group, no such
e ffect could be observed. In the gro u p
receiving the higher dose of magnesium, a
s i g n i ficant fall of fructosamine was
re p o rted, whereas glycemia and HbA1 c

w e re not influenced. 
Two years ago, we also investigated

the effect of long-term (3-month) magne-
sium substitution in patients with type 2
diabetes and hypomagnesemia (4). The
patients were receiving 30 mmol/day for 3
months. A significant rise in plasma mag-
nesium levels could be demonstrated only
after 3 months, whereas there was no
change after 1 and 2 months of tre a t m e n t .
T h e re was a decline of plasma magnesium
to pre t reatment levels 6 months after tre a t-
ment. Metabolic control re m a i n e d
unchanged during the whole study. A very
recent study was also not able to demon-
strate a significant decline in HbA1 c l e v e l s
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or lipid parameters of insulin-re q u i r i n g
type 2 diabetic patients after an oral mag-
nesium substitution for 3 months in a
placebo controlled trial (5).

Taking the results of these three stud-
ies together, it seems reasonable to start
with a high-dose replacement therapy ini-
tially for 1 month, or until plasma magne-
sium levels are normalized. Afterw a rds, a
continuous substitution of magnesium
should be perf o rmed at a lower dose. This
substitution has to be applied continu-
ously or magnesium levels will decline. It
seems that the question of how to substi-
tute magnesium in type 2 diabetic patients
with hypomagnesemia has been re s o l v e d
b e f o re long-term studies were able to
demonstrate beneficial effects of a contin-
uous magnesium substitution. Furt h e r-
m o re, magnesium supplementation evi-
dently exerts no major effect on metabolic
c o n t rol. Studies evaluating the influence of
magnesium supplementation on meta-
bolic control are, there f o re, no longer of
high priority, in our opinion, in insuff i-
ciently treated patients, who could benefit
f rom well-established therapies.
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Supplement to the
Use of a Paire d
Value of Fasting
Plasma Glucose and
Glycated Hemoglobin
in Predicting the
Likelihood of Having
D i a b e t e s

We re p o rted that in Hong Kong Chi-
nese with various risk factors for
glucose intolerance, the use of a

p a i red value of fasting plasma glucose
(FPG) of 5.6 mmol/l and an HbA1 c of 5.5%
derived from multiple receiver operative
characteristic curve (ROC) analysis helped
to identify potential diabetic subjects (1).
For paired values above these cutoff values,
the likelihood ratios (LRs) of this occurr i n g
in diabetic subjects were 5.4 and 6.3,
re s p e c t i v e l y, based on World Health Org a n-
ization (WHO) or American Diabetes Asso-
ciation (ADA) criteria (2,3). Only subjects
who had an FPG 5.6 mmol/l and 7 . 8
mmol/l (or 7.0 mmol/l, according to the
new ADA criteria) and an HbA1 c 5 . 5 %
re q u i red an oral glucose tolerance test
(OGTT) to confirm diabetes, thereby elimi-
nating 77.7% (82.6% with ADA criteria) of
the OGTTs perf o rmed (1).

With the same concept of using a
p a i red value of FPG and HbA1 c, we re a n a-
lyzed the data using FPG 6.1 mmol/l (the
c u t o ff for impaired fasting glucose [IFG])
(3) and HbA1 c 6.1% (the optimal value
c o rresponding to 2-h plasma glucose

11.1 mmol/l using ROC analysis) (1)
and found very interesting results, as
shown in Table 1.

The paired values of FPG 6.1 mmol/l
and HbA1c 6.1% had 13–17 times
i n c reased likelihood to occur in diabetic
subjects (depending on WHO or ADA cri-
teria) than in nondiabetic subjects. This
was compared with a likelihood of only
0.16 for diabetic subjects with an FPG

6.1 mmol/l and an HbA1 c 6.1%. Only
those with an FPG 6.1 and 7.8 mmol/l
and an HbA1 c 6.1% (n = 328) (or FPG

6.1 and 7.0 mmol/l and HbA1 c 6 . 1 %
if using ADA criteria [n = 198]) re q u i re an
OGTT to confirm diabetes. This could
potentially eliminate 88.6% [(2,877 
328)/2,877] (or 93.1% using ADA criteria)
of all OGTTs to be perf o rm e d .

Those with FPG 6.1 mmol/l and
H b A1 c 6.1% have, by definition, IFG (3),
and if there are additional risk factors for
glucose intolerance, they should have re g-
ular yearly screening using a single blood
test of FPG and HbA1 c. According to our
data, their LR of having diabetes is 2.8–3.7.
For those with normal fasting glucose
(NFG) (i.e., FPG 6.1 mmol/l) (3), re g u l a r
yearly screening would also be indicated if
they had risk factors for glucose intoler-
ance, such as a history of gestational dia-
betes. For those having NFG and HbA1 c

6.1% or 6.1% and no major risk fac-
tors for diabetes, the recommendation for
s c reening would need to be individualized.
Longitudinal study is re q u i red to confirm
the validity of the study.

We believe the idea of using paired val-
ues of FPG and HbA1 c is very useful in
identifying potential diabetic subjects,
especially in high-risk groups. However,
the modified values of FPG 6.1 mmol/l
and HbA1 c 6.1% would be more practi-
cal to use and correlate better with the
newly proposed ADA diagnostic criteria for
glucose intolerance.

GA RY T.C. KO, M R C P I

JU L I A N A C .N. CH A N, F R C P

CL I V E S. CO C K R A M, F R C P

Table 1—Analysis of glucose intolerance data using FPG of 6.1 mmol/l and HbA1c of 6.1%

FPG HbA1c ADA criteria WHO criteria LR
( m m o l / l ) (%) n Nondiabetic Diabetic Normal IGT Diabetic ADA WHO

6.1 6.1 551 95 456 25 96 430 17.22 12.75
6.1 6.1 165 84 81 35 58 72 3.72 2.78
6.1 6.1 400 348 52 224 124 52 0.52 0.54
6.1 6.1 1,761 1,688 73 1,309 379 73 0.16 0.16

Total 2,877 2,215 662 1,593 657 627

IGT, impaired glucose tolerance.
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Clinical and 
Metabolic Effects of
Fasting in 41 Type 2
Diabetic Patients
During Ramadan

Ev e ry year, millions of Muslims fast
f rom dawn until dusk during the
lunar month of Ramadan. A Muslim

is re q u i red to abstain from any oral intake
for an average time of 13 h daily during
this month. We, there f o re, conducted a

study on 41 type 2 diabetic patients (30
women, 11 men, mean age 55 years
[38–70]) to observe the clinical and
metabolic effects of fasting. Nine of the
patients were on diabetic diet only, 12
w e re on a single oral hypoglycemic agent
(OHA), and 20 were on combined OHAs.
Patients were re c ruited to the study dur-
ing the 2 weeks before Ramadan and
w e re asked to note any episodes that
might indicate hypoglycemia, and the
notes were later reviewed by an experi-
enced physician in the presence of the
p a t i e n t .

Number of the symptomatic hypogly-
cemic periods, which were not biochemi-
cally verified, increased in eight of the
patients (19.5%) during Ramadan. None
of the patients, however, experienced
s e v e re hypoglycemia or neuro g l y c o p e n i c
symptoms (Table 1).

No statistically significant change
was observed in mean body weight, BMI,

total cholesterol level, or LDL cholestero l
level. The mean HDL cholesterol level
i n c reased significantly during Ramadan,
and it was still significantly higher 3
weeks after Ramadan than that before
Ramadan. The mean triglyceride level
was significantly lower during the 4th
week of Ramadan than it was before
Ramadan (Table 2).

Fasting in Ramadan can be considere d
a controlled partial type of fasting. The
common practice is to eat two meals, one
b e f o re dawn and one after sunset, instead
of three. Generally, one would expect limi-
tation of total food intake that might lead
to weight loss during the holy month. This
is not always the case, however, because a
g reater variety of foods are consumed in
l a rge amounts in dinners eaten at dusk. It
is our common experience to see people
several kilograms heavier by the end of
e v e ry Ramadan. Our patients, on a fix e d
caloric intake, did not gain or lose weight

Table 1—HbA1c levels and treatment used in eight patients who experienced a higher rate of
hypoglycemic episodes during Ramadan fast

Weekly Weekly
h y p o g l y c e m i c h y p o g l y c e m i c HbA1c HbA1c

episodes episodes HbA1c 3 weeks 8 weeks 
before during Treatment before after after

Patient Ramadan Ramadan received Ramadan (%) Ramadan (%) Ramadan (%)

1 1 2 Diet only 6.6 6.7 6.6
2 1 4 Gliclazide 7.5 7.3 7.2
3 1 4 Gliclazide 7.6 7.2 7.4
4 1 3 Glybornuride 7.6 7.3 7.3
5 1 3 Gliclazide, MF 5.6 5.8 5.9
6 1 9 Glybornuride, MF 7.5 7.6 7.5
7 1 3 Glyburide, MF, AC 8.2 8.6 8.7
8 1 8 Glipizide, MF, AC 9.5 9.6 9.2

AC, acarbose; MF, metformin.

Table 2—BMI, metabolic control, and lipid profiles of the patients before, during, and after Ramadan of 1997

Total HDL LDL
cholesterol cholesterol cholesterol Triglycerides 

Weight (kg) BMI (kg/m2) HbA1c (%) (mmol/l) (mmol/l) (mmol/l) (mmol/l)

Before Ramadan 74.7 ± 11 30.4 ± 3 7.30 ± 1.6 5.36 ± 1.21 1.01 ± 0.20 3.00 ± 0.85 2.76 ± 2.40

During the 74.6 ± 11 30.4 ± 4 7.55 ± 1.7 (0.006*) 5.28 ± 1.29 (0.65) 1.11 ± 0.20 (0.004*) 3.08 ± 0.93 (0.40) 2.71 ± 2.30 (0.86)
last week of 
Ramadan

3 weeks after 74.9 ± 11 30.5 ± 4 7.32 ± 1.7 (0.84) 5.28 ± 1.26 (0.67) 1.09 ± 0.20 (0.030*) 3.08 ± 1.01 (0.41) 2.32 ± 1.79 (0.02*)
Ramadan

8 weeks after — — 7.27 ± 1.6 (0.71) — — — —
Ramadan

Data are means ± SD (P). P values are the results of comparisons with values before Ramadan. *Denotes significant difference.
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s i g n i ficantly during the Ramadan of 1997.
C o n t r a ry to the common belief, nobody
had re p o rted severe hypoglycemia or neu-
roglycopenia in patients on OHA therapy
during Ramadan (1–6). Eight of our
patients had increased weekly incidence of
symptoms attributable to low blood glu-
cose that disappeared after Ramadan.
Glycemic control in these patients was not
a ffected by these episodes, and metabolic
parameters measured in this subgro u p
w e re not significantly diff e rent from those
of the rest of the group. In the whole
g roup, we found a slight deterioration in
H b A1 c that re t u rned to the initial values
early after Ramadan (Table 2). Laajam (3)
re p o rted an insignificant increase in the
H b A1 c levels of his type 2 diabetic patients
over the month of Ramadan. Others
re p o rted significant decreases in fru c-
tosamine and HbA1 c levels (2,5).

The available data about the effect of
Ramadan on lipid pro files are inconclusive
and contradictory. In agreement with our
results, a favorable lipid pro file has been
re p o rted in some of the studies done on
healthy people (6,7) and type 2 diabetic
patients (8,9) on partial fasting. This
i m p rovement is mainly explained by a
reduction in weight and improved meta-
bolic contro l .

The results of this study lead us to
conclude that type 2 diabetes is not a con-
traindication to fasting in Ramadan. Ty p e
2 diabetic patients on single or combina-
tion OHAs could observe Ramadan fasting
with appropriate instruction about meals
and OHA use. However, some patients
may still experience an increased number
of hypoglycemic episodes.
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I m p a i red Insulin
S e c retion in 
J a p a n e s e D i a b e t i c
Subjects With an 
A-to-G Mutation at 
Nucleotide 8296 of
the Mitochondrial
DNA in tRNALy s

Because mitochondria play an impor-
tant role in glucose-induced insulin
s e c retion in pancreatic -cells, mito-

chondrial DNA (mtDNA) may be involved
in diabetes. Recently, we found a novel
and heteroplasmic mtDNA mutation in
t R N ALy s ( 8 2 9 6 A→G) (the 8296 mutation)
that is associated with diabetes (1). We

s c reened 1,216 diabetic subjects and 44
patients with sensorineural deafness and
i d e n t i fied this mutation in 11 (0.9%)
u n related diabetic subjects and one
(2.3%) patient with sensorineural deaf-
ness. The deafness subject was confirm e d
to have diabetes by the 75-g oral glucose
tolerance test (OGTT). Of these 12 posi-
tive subjects, 7 had maternally inherited
diabetes. Of 12 probands, 7 were deaf. All
four family pedigrees we could evaluate
had maternal inheritance of diabetes over
two or three generations (1). Another
mitochondrial point mutation associated
with diabetes (2), an adenine to guanine
mutation at position 3243 of mtDNA (the
3243 mutation), has been shown to be
responsible for up to 1% of diabetes cases,
and its clinical characteristics are well
known (3,4). To investigate the pathogen-
esis of diabetic patients with the 8296
mutation, we assessed the insulin secre-
t o ry capacities of 25 subjects with this
m u t a t i o n .

Insulin secre t o ry capacity was
assessed by measurement of plasma
insulin and/or C-peptide concentrations at
fasting, during 75-g OGTT, after intra-
venous administration of glucagon (1 mg),
or by measurement of C-peptide levels in
24-h urine samples. We designated 12
families as DM1 to DM12 and subjects as
DM1-1 to DM12-2. The insulin secre t o ry
capacities of the 25 subjects are shown in
Table 1. Most of them had impaire d
insulin secretion, except for two subjects
(DM5-1 and DM12-2) with hyperinsu-
linemia. Two (DM10-1 and DM11-1) sub-
jects were diagnosed as having IDDM, but
their insulin secre t o ry capacities were not
a b o l i s h e d .

Clinical characterizations of diabetic
subjects with the 3243 mutation have
been thoroughly evaluated. They had a
higher frequency of lean body mass, a
younger onset age, and a lower fre q u e n c y
of islet cell antibody (ICA) or GAD anti-
body (3). The 3243 mutation is believed
to cause diabetes via impaired insulin
s e c retion (3,4), and this insulin secre t o ry
f a i l u re is believed to be pro g ressive. Many
diabetic subjects carrying the 3243 muta-
tion who are treated with insulin had been
p reviously successfully treated with sul-
p h o n y l u rea for several years, indicating
that they had undergone pro g re s s i v e
insulin secre t o ry failure (5).

Most diabetic subjects with the 8296
mutation also tend to exhibit impairm e n t
of insulin secretion similar to that of dia-
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betic patients with the 3243 mutation. All
the subjects treated with insulin had been
t reated with oral hypoglycemic agents
(OHA) initially for several years. Furt h e r,
many of the subjects treated with OHA
had previously also undergone diet ther-
apy without other treatment. Two subjects
(DM10-1 and DM11-1) were diagnosed
as having IDDM. Their clinical feature s
w e re not typical for acute-onset IDDM
associated with islet autoimmunity. They
both had a history of slowly pro g re s s i v e

-cell failure effectively treated by admin-
istration of sulphonylurea for 10 years.
Autoantibodies to GAD were not detected
in 25 subjects, including the two IDDM
subjects with the 8296 mutation. In addi-
tion, the mean BMI was 21.4 kg/m2 a n d
mean onset age was 46 among the 12
p robands with the 8296 mutation. These
clinical findings resemble those for
patients with the 3243 mutation. We sus-
pect that pro g ression of insulin secre t i o n
i m p a i rment might occur in diabetic sub-
jects with the 8296 mutation in a manner

identical to that seen in 3243 mutation
s u b j e c t s .
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Table 1—Insulin secretory capacity of subjects with the 8296 mutation

Onset Urinary Fasting Fasting Glucose Insulin C-peptide
Patient Age age C-peptide* C-peptide* insulin* (nmol/l) (pmol/l) (nmol/l) Mode of
number (years) (years) (nmol/day) (nmol/l) (pmol/l) A B A B C D Treatment

DM1-1 69 40 7.0 0.5 — — — — — — — OHA
DM2-1 47 43 — 0.3 14.4 — — — — — — Diet
DM2-2 63 45 — 0.4 28.2 — — — — — — Diet
DM2-3 61 37 — 0.2 — — — — — — — Insulin
DM2-4 58 40 — 1.0 46.2 — — — — — — OHA
DM2-5 55 50 — 0.6 19.2 — — — — — — OHA
DM2-6 50 40 — 0.8 57.6 — — — — — — Diet
DM3-1 57 41 21.8 0.7 37.2 7.7 17.7 24.6 91.8 — — OHA
DM4-1 69 60 — — 24.0 9.1 16.2 18.6 108.0 — — OHA
DM5-1 61 47 24.5 0.7 76.8 — — — — — — OHA
DM6-1 73 61 21.7 0.9 — — — — — 0.9 1.3 OHA
DM7-1 64 54 11.4 0.3 — — — — — 0.2 0.6 Insulin
DM7-2 58 46 — 0.7 39.0 — — — — — — OHA
DM8-1 46 35 7.9 0.6 25.8 — — — — 0.3 0.6 OHA
DM8-2 79 57 — — — — — — — 0.3 0.5 Insulin
DM8-3 49 44 — — — — — — — 0.2 0.4 Insulin
DM8-4 40 37 — — — — — — — 0.5 1.2 OHA
DM9-1 56 44 11.1 — — 8.4 18.4 4.8 11.4 — — Insulin
DM10-1 58 31 1.8 0.1 — — — — — 0.1 0.4 Insulin
DM10-2 50 50 — — — 7.2 17.9 24.6 88.2 — — ‡
DM11-1 75 45 1.1 — — — — — — 0.3 0.5 Insulin
DM11-2 69 64 — — — — — — — 0.3 0.9 Insulin
DM 11-3 45 † — — — 5.6 8.4 51.0 122.4 — — ‡
DM12-1 47 47 — — — 5.6 14.4 39.0 132.0 — — ‡
DM12-2 83 83 — — — 7.2 14.0 74.4 456.0 — — ‡

*Average values (maximum of three measurements); †impaired glucose tolerance; ‡untreated. A, before OGTT; B, 120 min after OGTT; C, before glucagon injec-
tion; D, 6 min after glucagon injection. 
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Consequences of
M e t f o rmin 
I n t o x i c a t i o n

Although the association between lac-
tic acidosis and biguanide antidia-
betic agents is well established, this

complication is seen only rarely in
patients taking metformin (1,2). Accumu-
lation of the drug has been implicated in
the development of lactic acidosis, and
since metformin is eliminated as the par-
ent compound exclusively by the kidneys
(3), such accumulation can only be
caused by renal failure (1) or overd o s a g e .
These two mechanisms of accumulation
a re not analogous for several re a s o n s :
s i g n i ficant accumulation of metform i n
does not become apparent until some
time after the development of renal failure
in patients taking normal dosages of the
d rug because of the very high clearance in
individuals with normal renal function
(3), and renal failure is itself associated
with the pathogenesis of acidosis because
of the decrease in the ability of the kid-
neys to eliminate protons. In overd o s a g e ,
because renal function is normal and sta-
ble, except in the presence of a pre e x i s t i n g
renal abnormality or drugs that aff e c t
renal function or circ u l a t o ry shock, dru g
accumulation is acute in nature by defin i-
tion. Metformin intoxication has been
re p o rted in patients with psychiatric dis-
o rders but not necessarily with diabetes, a

condition associated with an incre a s e d
risk of cardiovascular disease or sepsis,
both of which predispose to or may pre-
cipitate lactic acidosis.

Thanks to the measurement of plasma
m e t f o rmin concentrations, the pre s e n t
study was carried out to clarify the re l a-
tionship between the degree of drug accu-
mulation and acidotic complications in
patients with metformin intoxication.
Patients studied were those declared to the
p h a rmacovigilance of the Lipha Company
of France as having ingested a massive
dose of metformin and for whom general
characteristics, pH and lactate from art e r-
ial blood, and plasma metformin concen-
trations were available (Table 1). Doses
ingested were estimated by interview or
tablet counting. Hyperlactatemia, defin e d
as an arterial lactate level above the norm a l
range of 2 mmol/l, lactic acidosis, defin e d
as an arterial blood lactate level 5 mol/l
and an arterial pH 7.35, and plasma glu-
cose abnormalities were analyzed. Major
complications, including circ u l a t o ry
shock and death, were also re c o rded. All
complications were assessed with consid-
eration of the effects of intoxications with
other agents and elevated plasma met-
f o rmin concentrations. Plasma metform i n
concentrations were measured using high-
p e rf o rmance liquid chromatography (4)
and compared with those obtained fro m
fasting patients with diabetes who were
receiving long-term metformin tre a t m e n t
at the recommended dosage. Therapeutic
values are 0.6 ± 0.5 mg/l (2).

Nine women and four men with a
mean age of 46.9 (range 16–74) years
w e re studied. Eight patients were known
to have diabetes treated with metform i n ;
the diagnosis was uncertain for one patient
(no. 11). The estimated ingested dose of
m e t f o rmin ranged from 7.65 to 76.5 g.
Most patients (10 of 13) had additionally
ingested other drugs. Four patients were
in clinical shock on admission; these indi-
viduals were among the five with the high-
est arterial lactate levels (note that patients
a re listed in decreasing order of lactate
level in Table 1). Arterial lactate levels
w e re elevated in all patients except two
(nos. 12 and 13), and lactic acidosis was
a p p a rent in patients 1–7, of whom four
w e re those in shock as described above.
Moderate to severe renal impairment was
p resent in patients 1 and 2 (both of whom
w e re in shock), with serum creatinine lev-
els of 342 and 187 µmol/l, re s p e c t i v e l y.
Plasma glucose levels varied widely, rang-
ing from abnormally low (1.1 and 1.9
mmol/l) through to normal, moderately
raised (7.1–10.2 mmol/l) and consider-
ably raised (13–27 mmol/l). One patient
died (no. 1); this individual pre s e n t e d
with clinical shock, lactic acidosis, and
h y p o g l y c e m i a .

Overall, complications (shock, lactic
acidosis, hypoglycemia, and death) were
o b s e rved only in patients who had ingested
l a rge quantities of more than one drug. For
example, hypoglycemia was noted in
patients who had taken a sulfonylurea (nos.
1 and 6) and lactic acidosis was not re l a t e d

Table 1—General characteristics of subjects with metformin intoxication

Dose O v e rd o s a g e A rt e r i a l S e ru m P l a s m a P l a s m a
P a t i e n t A g e i n g e s t e d with other C l i n i c a l l a c t a t e c re a t i n i n e g l u c o s e m e t f o rm i n
n u m b e r ( y e a r s ) S e x D i a b e t e s ( g ) d ru g s s h o c k ( m m o l / l ) p H ( µ m o l / l ) ( m m o l / l ) ( m g / l ) Tre a t m e n t M o rt a l i t y

1 52 F Yes NA Yes Yes 35 6.73 342 1.1 50.9 G, A, D Yes
2 64 M No 12.75 Yes Yes 15.6 7.22 187 7.7 13.8 — No
3 67 F Yes 76.5 Yes Yes 12.9 7.30 141 9.9 53.6 D No
4 38 M Yes 25.5 Yes No 12.0 7.34 152 7.1 140 D No
5 53 F Yes NA Yes Yes 10.8 7.26 141 27 6.6 G No
6 32 M No 76.5 Yes No 7.2 7.36 115 1.9 35.1 G, D No
7 74 M Yes 76.5 Yes No 6.7 7.28 Normal 19.3 0.3 A No
8 42 F Yes 34 No No 4.7 7.36 116 13 67.6 A No
9 16 F No 7.65 Yes No 4.2 7.49 91 10.2 63.3 G No
10 55 F No 34 Yes No 4.0 7.39 107 7.5 5.8 G No
11 44 F Yes (?) 12.75 Yes No 3.1 7.36 Normal — 40.1 G, D No
12 32 F No 51 No No 1.5 7.40 68 5.3 1.4 G No
13 41 F Yes 25.5 No No 1.4 7.34 Normal 7.1 1.2 G No

A, alkalinization; D, dialysis; G, gastric lavage; NA, data not available.
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to metformin intoxication in patient 7, who
p resented with a low plasma metform i n
concentration (0.3 mg/l). Three patients (8,
9, and 11) showed no signs of lactic acido-
sis, despite having plasma metformin con-
centrations that were among the highest in
the series (40.1–67.6 mg/l; only one other
patient had a plasma drug concentration
above this range).

This is the first time that results of this
n a t u re, obtained in a series of patients
with metformin overdosage, have been
re p o rted. The data show that intoxication
with metformin is associated with hyper-
lactatemia in most patients (11 of 13), and
that is not surprising, given the effects of
m e t f o rmin on lactate and glucose metabo-
lism (5). Although hyperlactatemia
o c c u rred fre q u e n t l y, frank lactic acidosis
was less common, noted only in patients
who had ingested large amounts of more
than one drug, and particularly in patients
with shock (who presented with the high-
est arterial lactate values). Other complica-
tions (circ u l a t o ry shock, hypoglycemia,
death) were also noted only in patients
with multiple overdosage. These observ a-
tions are in accordance with those in
patients with lactic acidosis after long-
t e rm metformin treatment (2): for either
acute or chronic exposure to metform i n ,
the prognosis of lactic acidosis is depen-
dent not on the drug itself, but on the
p resence of underlying disease causing
excessive lactate production from dam-
aged tissues or defective lactate elimina-
tion or on certain other factors linked to
the effects of drugs impairing pulmonary
or circ u l a t o ry function.

The present findings show how diff i-
cult it is to establish definitively the link
between metformin and the onset of lactic
acidosis, a condition that may be caused at
least in part by shock syndrome and that
may occur without accumulation of met-
f o rmin (e.g., patient no. 7). Furt h e rm o re ,
m e t f o rmin accumulation does not neces-
sarily lead to lactic acidosis: patients 8, 9,
and 11 had plasma metformin concentra-
tions among the highest in the series and
showed no sign of this condition. The
t e rm “metformin-associated lactic acido-
sis” may simply serve to confuse, since it
implies that the accumulation of met-
f o rmin is implicated in the pathophysiol-
ogy of lactic acidosis, but it is evidently not
clear that metformin is indeed the
causative factor in these cases. The task,
t h e re f o re, remains to determine the re l a-
tive importance of the various factors that

contribute to and determine the pro g n o s i s
of hyperlactatemia. Because the highest
a rterial levels of lactate were not consis-
tently associated with high plasma con-
centrations of metformin in this series of
patients, intermediate plasma concentra-
tions of the drug (e.g., as in patients 2 and
5; 13.8 and 6.6 mg/l) should be consid-
e red not to be significant factors in the
pathogenesis of hyperlactatemia. Finally,
the patient’s underlying hemodynamic
condition, not the degree of metform i n
accumulation, is the main determinant of
marked hyperlactatemia. It should also be
noted that metformin is a hyperg l y c e m i c ,
rather than a hypoglycemic, agent under
conditions of either normal therapeutic
use or massive accumulation; accord i n g l y,
hypoglycemia was re c o rded only in
patients who had taken a sulfonylurea. In
conclusion, in the light of these data and
of data presented pre v i o u s l y, metform i n
can no longer be considered to be in itself
a toxic dru g .

JE A N D. LA L A U, M D

CAT H E R I N E MO U R L H O N, M D

AN N E BE R G E R E T, M D

CH R I S T I A N LA C R O I X, M D
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T h ree Cases of
G A D 6 5
A n t i b o d y – P o s i t i v e
Diabetes With Ketosis
and Abrupt Onset
Resulting in Non-
I n s u l i n - D e p e n d e n t
State 

Anew etiologic classification has been
recently proposed for diabetes (1),
with types 1 and 2 as the major

f o rms. Type 1 diabetes is characterized by
p a n c reatic -cell destruction, and these
patients are prone to ketoacidosis. This
type usually leads to insulin dependence,
although some patients could gradually
change from non-insulin-dependent to
insulin-dependent status. Most cases of
type 1 diabetes are considered autoim-
mune and are characterized by autoanti-
bodies such as islet cell antibody (ICA),
GAD65 antibody, IA-2 antibody, or insulin
autoantibody (IAA). Type 2 diabetes
includes the most prevalent diabetes,
resulting from insulin resistance with
insulin secre t o ry defic i e n c y. In type 1 dia-
betes, ketosis seldom occurs sponta-
n e o u s l y, but sometimes arises associated
with infection, debilitating illness, or star-
vation. Autoantibodies against pancre a t i c

-cell antigens are usually undetected
because -cells are not destro y e d .

We recently treated three cases of
GAD65 antibody–positive diabetes with an
i n s u l i n - requiring state at disease onset. As
shown in Table 1, the three were 33, 56,
and 36 years old (BMI 45.2, 24.0, and 22.1
k g / m2) at onset. They were hospitalized
because of thirst, polyuria, general fatigue,
and weight loss. They had no family his-
t o ry of diabetes, past history of hyperg l y-
cemia, or glycosuria. On admission,
plasma glucose concentrations were 56.4,
36.6, and 27.3 mmol/l. All had ketonuria.
Insulin therapy was immediately start e d ,
and plasma glucose and HbA1 c levels were
well controlled within the normal range.
They discontinued insulin therapy within
2–6 years after diabetes onset. Plasma glu-
cose and HbA1 c levels had been well con-
t rolled with caloric restriction for another
2–5 years (until the present) after insulin
therapy was discontinued, during which
time BMI decreased (41.4, 22.8, and 20.6
k g / m2). They had apparently not changed
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daily physical activity. In all three patients,
insulin secretion was pre s e rved (measure d
by fasting plasma C-peptide [normal mean
± SD; 0.50 ± 0.10 nmol/l]: 1.56, 0.79, and
0.53 nmol/l, all measured in 1997) after
insulin therapy was discontinued.

Although GAD65 antibodies were
detected at onset, titers in all cases
d e c reased to the normal range within 4
years after onset (Fig. 1). Neither IAA nor
IA-2 antibodies were detected at onset.
None had other autoantibodies or clinical
evidence for other autoimmune diseases,
such as autoimmune thyroid disease or
a d renal insuff i c i e n c y. GAD65 and IA-2
antibodies were detected using the radioli-
gand binding assay (2). The upper level of
the normal range for GAD65 antibody
assay was estimated to be 0.020 (mean SD
of 115 healthy control subjects is ± 0.006
and 3 SD is 0.012) (2). We part i c i p a t e d
in GADA pro ficiency testing (Immunology
of Diabetes Society), and our assay

showed the highest sensitivity and speci-
ficity (100% validity, 100% consistency,
100% sensitivity, and 100% specific i t y, lab
ID No. 190). IAA was measured using the
m o d i fied method of Va rdi et al. (3).

We sometimes experience a temporary
fall in insulin requirements in some
patients with type 1 diabetes after initial
t reatment with insulin, known as the “hon-
eymoon period.” This inevitably re t u rns to
insulin dependence within several months.
Thus, the three patients should be distin-
guished from the honeymoon period.

In our patients, positive GAD65 anti-
body status became negative during follow-
up. Although it is unclear why the GAD65
antibody status changed, we speculate pos-
sibilities as follows. First, after the autoim-
mune reaction to islets started, for some
reason it stopped. In our patients, intensive
insulin therapy may be one of the re a s o n s .
It has been re p o rted that pro p h y l a c t i c
insulin treatment may prevent diabetes in

rodent models of autoimmune diabetes. In
a human pilot trial, prophylactic insulin
t reatment may decrease the onset rate (4).
These findings may be explained by induc-
tion of immunologic tolerance to insulin. If
the change of GAD65 antibody status in
our patients were explained by modulation
of the immune system by insulin adminis-
tration, we propose that these cases be con-
s i d e red type 1 diabetes with a non-insulin-
dependent state at pre s e n t .

Second, GAD65 antibodies could be
transiently positive without autoimmune
d e s t ruction of pancreatic -cells. It has
been re p o rted that expression of GAD
appears to be glucose-dependent (5). It
may be that in patients with a tendency to
generate the GAD65 antibody, high plasma
glucose levels could cause GAD65 anti-
body positivity, and GAD65 antibody sta-
tus may be changed by normalizing plasma
glucose levels. If the change of GAD65
antibody status in our patients were
explained without immune modulation,
these cases should be considered type 1
diabetes with non-insulin-dependent state
at pre s e n t .

Although we would like to classify
these patients as type 1 diabetes with non-
insulin-dependent state at present, more
discussion is needed because we cannot
neglect the possibility of type 2 diabetes.
Recognition of these cases is important in
the proper classification of diabetes and
for understanding type 1 diabetes patho-
p h y s i o l o g y.

JI R O MO R I M O T O, M D

TA R O MA R U YA M A, M D

AK I R A KA S U G A, M D

YU K A K O OZ AWA, M D

AK I R A KO B AYA S H I, M D

SH I N S U K E FU N A K O S H I, M D

RY O J I IWA S A K I, M D

YU TA K A SU Z U K I, M D

AK I R A SH I M A D A, M D

TA K A O SA R U TA, M D

Table 1—Clinical features of three cases at onset

Case BMI Plasma glucose HbA1c* Urine HLA
number Age (years) Sex (kg/m2) (mmol/l) (%) ketone body DR DQ

1 33 M 45.2 56.4 15.1 DRB1*0802 DQA1*0401  DQB1*0303
DRB1*1101 DQA1*0501  DQB1*0402

2 56 M 24.0 36.6 13.7 DRB1*15 or 16 DQA1*0101  DQB1*0602
DRB1*1001 DQA1*0101  DQB1*0602

3 36 M 22.1 27.3 14.2 DRB1*13 DQA1*03  DQB1*0604
DRB1*0901 DQA1*03  DQB1*0301

*Normal range 4.0–6.0%.

Figure 1—Clinical course of three patients. , HbA1c; , titers of GAD65 antibody.
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C O M M E N T S A N D
R E S P O N S E S

Ceiling Eff e c t
Reduces the Va l i d i t y
of the Diabetes
Treatment 
Satisfaction 
Q u e s t i o n n a i re

The Diabetes Treatment Satisfaction
Q u e s t i o n n a i re (DTSQ) is considere d
to be a suitable instrument for inter-

vention studies that compare tre a t m e n t
e ffects (1,2). However, an important char-
acteristic of this measure has not yet been

discussed in the literature. The six-item
t reatment satisfaction scale of the DTSQ
can range from 0 (very dissatisfied) to 36
( v e ry satisfied) (2). Petterson et al. (1)
recently described severely skewed tre a t-
ment satisfaction scores (median
[ i n t e rq u a rtile range]) for 126 patients
t reated with diet (35 [31–36]), 404 patients
t reated with tablets (35 [32–36]), and 204
patients treated with insulin (34 [30–36]).
Almost half of the tablet-treated and diet-
t reated patients (48 and 43%) and about
o n e - t h i rd (36%) of the insulin-tre a t e d
patients had a maximum treatment satisfac-
tion score of 36. For the patients tre a t e d
with insulin, this percentage was 31. The
following negatively skewed DTSQ score s
have been re p o rted in our recent study (3):
30.4 ± 4.9 (mean ± SD) and 1.1 (skew-
ness). Reanalyzing these data yielded that
t w o - t h i rds (66.0%) of the patients had a
total treatment satisfaction score of 3 0 .
Comparable DTSQ scores have also been
re p o rted in other studies (4,5). The conse-
quence of a very negative skew is a so-
called ceiling effect, i.e., it is almost impos-
sible to measure improvement or to distin-
guish among various grades of excellence
(6). In this letter, we describe two methods
that can be used to counteract skew. First,
Wa re and Hays (7) compared a six-point
satisfaction scale (ranging from “very satis-
fied” to “very dissatisfied”) with a fiv e - p o i n t
evaluation scale (ranging from “excellent”
to “poor”). They concluded that the latter
showed greater response variability, re l i a b i l-
i t y, and validity than the former (7). A sec-
ond method has been described by Stre i n e r
and Norman (6). Researchers can use seven
value labels, of which only two are used to
d i ff e rentiate among various degrees of tre a t-
ment dissatisfaction. For the DTSQ items 1,
6, and 8, for example, this can be accom-
plished by the use of the following value
labels: 6 (extremely satisfied), 5 (very satis-
fied), 4 (quite satisfied), 3 (satisfied), 2 (a
bit satisfied), 1 (dissatisfied), and 0 (very
d i s s a t i s fie d ) .
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M i c ronized 
F e n o fibrate in the
Management of
D y s l i p i d e m i a

In a recent American Diabetes Associa-
tion position statement (1), re c o m m e n-
dations were made for the management

of dyslipidemia in adults with diabetes. In
those requiring drugs for the treatment of
elevated levels of LDL cholesterol, HMG
CoA reductase inhibitors (Stating) were
listed as the first choice for treatment. In
those with hypertriglyceridemia, after opti-
mizing glycemic control, gemfib rozil was
recommended. In those with hypert r i g l y c-
eridemia plus elevated levels of LDL cho-
l e s t e rol, statins were indicated to have a
moderate effect. In those with combined
hyperlipidemia (elevation of both triglyc-
eride and LDL cholesterol levels), after
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optimizing glycemic control, high-dose
statins were recommended as first choice,
and a combination of statins plus gemfi-
brozil were recommended as second
c h o i c e .

At the time when the review was writ-
ten, these were the drugs available in the
U.S. Recently, however, another fibric acid
derivative, micronized fenofibrate, has
also been approved by the Food and Dru g
Administration and is now marketed.
Because it has been approved for several
years in a large number of other countries,
t h e re is wide experience with it in the
t reatment of both those with and those
without diabetes. The drug is potent in
reducing triglycerides and increasing HDL
c h o l e s t e rol. As well, it has a greater eff e c t
in lowering LDL cholesterol than does
g e m fib rozil. Hence, in future re c o m m e n-
dations, it should be considered as fir s t -
line not only in the treatment of hyper-
triglyceridemia that persists after glycemic
c o n t rol is improved, but also as first choice
in the treatment of combined hyperlipi-
demia. Its use as a single agent in the latter
condition would avoid the combination of
a statin and gemfib rozil, thereby re d u c i n g
the possibility of myositis.
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Association Between
Fibrinogen Levels
and Insulin 
R e s i s t a n c e

Im p e r a t o re et al. (1) have recently pub-
lished an impressive cro s s - s e c t i o n a l
study on the relationship between fib-

rinogen and the metabolic syndrome usu-

ally termed “syndrome X.” This study
clearly demonstrated in a large and re l a-
tively young population that high fib r i n o-
gen levels were associated with some
symptoms of the metabolic syndro m e
(high plasma glucose, triglycerides, blood
p re s s u re, and low HDL cholesterol) or
with their combination, independent of
various confounders such as age, smok-
ing, coexisting infla m m a t o ry diseases, or
use of drugs. Thus, there is now stro n g
evidence that hyperfibrinogenemia is a
characteristic of syndrome X, as pre v i o u s l y
suggested (2). In fact, disturbances of the
hemostatic system, i.e., excess of plasma
fibrinogen and defective fibrinolysis, have
been recently added by Reaven to the
revised definition of the metabolic syn-
d rome (3).

As mentioned by Imperatore et al., the
link between hyperfibrinogenemia, hyper-
insulinemia, and insulin resistance is not
fully elucidated. Aside from a single study
by Landin et al. (4), there do not appear to
be any studies in which direct measure-
ments of insulin sensitivity, such as glu-
cose clamp or minimal model pro c e d u re ,
have been used to evaluate the re l a t i o n-
ship between fibrinogen and insulin re s i s-
tance. Landin et al. re p o rted a negative
c o rrelation between fibrinogen levels and
the rate of glucose disposal during a eugly-
cemic clamp technique (r = 0.35, P
0.05; 22 men, 11 with mild untre a t e d
h y p e rtension). Surprisingly, no corre l a t i o n
was observed between fibrinogen and fast-
ing insulin (r = 0.06, NS).

We have investigated the association
between plasma fibrinogen levels, basal
insulin, and insulin sensitivity in a random
sample of 36-year-old nondiabetic nonhy-
p e rtensive patients, 20 men and 30
women, with BMIs ranging from 18.6 to
35.9 kg/m2. Insulin sensitivity was
assessed with the minimal model pro c e-
d u re over a 180-min intravenous glucose
tolerance test with iterative sampling, as
p reviously described (5). Plasma insulin
was determined by radioimmunoassay
and fibrinogen by the method of Clauss.
The two major findings of our study were
a highly significant negative corre l a t i o n
between fibrinogen and insulin sensitivity
(r = 0.76, P 0.0001) (Fig. 1) and a
positive correlation between fib r i n o g e n
and basal insulin (r = 0.59, P 0 . 0 0 0 1 )
(Fig. 2). We perf o rmed a partial corre l a-
tion analysis to assess the influence of BMI
on these data: the negative re l a t i o n s h i p
between fibrinogen and insulin sensitivity

remained significant after adjustment for
BMI (r = 0.64, P 0.0001). These
results provide further evidence for the
connection between insulin resistance and
hemostatic disorders in the pathogenesis
of the metabolic syndrome. Nevert h e l e s s ,
they do not allow analysis in terms of
c a u s a l i t y.

A role for free fatty acids (FFA) has
been proposed to explain the association
between fibrinogen and insulin re s i s t a n c e ,
since hepatic fibrinogen synthesis should
be stimulated by FFA (6). A defective fib-
rinolysis with high plasminogen activator
i n h i b i t o r-1 (PAI-1) levels may be found in
type 2 diabetic patients, in relation to the
amount of visceral fat (7). Finally, there is
a large body of literature emphasizing the

F i g u re 1—Negative correlation between
plasma fibrinogen and insulin sensitivity meas-
ured with the minimal model procedure (n = 50,
r = 0.76, P 0.0001).

Figure 2—Positive correlation between plasma
fibrinogen and basal insulin (n = 50, r = 0.59, P

0.0001).
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pathogenetic role of tumor necrosis fac-
t o r- ( T N F - ) in the insulin re s i s t a n c e
states, and it is now well known that
i n flammation is associated with both
h y p e rcoagulability (increased fib r i n o g e n )
and hypofibrinolysis (increased expre s-
sion of PAI-1) (8).

L a rge prospective studies involving
q u a n t i fication of insulin sensitivity and
m e a s u rement of various metabolic and
hemostatic parameters, especially FFA and
PAI-1 or cytokines such as TNF- , are
needed to clarify these points.
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Response to 
Raynaud et al.

We thank Raynaud et al. (1) for their
thoughtful comment on the asso-
ciation between insulin re s i s t a n c e

and fibrinogen levels. In our work, a larg e
unselected group of normoglycemic men
was studied by measuring fasting plasma
insulin along with the classical compo-
nents of the metabolic syndrome (i.e.,
blood pre s s u re, fasting plasma triglyc-
erides, HDL cholesterol, and glucose); we
conclude that it is very likely the condition
of insulin resistance rather than hyperin-
sulinemia per se that is related to hyperfib-
rinogenemia (2). Raynaud et al., by
d i rectly measuring insulin resistance with
the minimal model pro c e d u re, provide an
i m p o rtant and missing piece of inform a-
tion nicely elucidating the up to now
poorly investigated issue of the re l a t i o n-
ships among hyperfibrinogenemia, hyper-
insulinemia, and insulin re s i s t a n c e .

We fully agree with Raynaud et al. that
these findings should not be interpreted in
t e rms of causality, since cause-effect re l a-
tionships cannot be established by cro s s -
sectional studies. Furt h e rm o re, we would
like to expand the interpretation of our
own data and that obtained by Raynaud et
al. Tough evidence exists supporting a pos-
sible role for insulin resistance in the
pathogenesis of hyperfibrinogenemia;
h o w e v e r, based on current knowledge,
other concurrent or alternative interpre t a-
tions should be explored as well. In part i c-
u l a r, because the metabolic syndrome may
i n fluence the development of card i o v a s c u-
lar disease, it cannot be ignored that hyper-
fibrinogenemia may be an epiphenome-
non rather that a causative factor in the
p rocess of atherogenesis. Plasma fib r i n o-
gen is known to rise acutely in response to
a number of conditions including endothe-
lial damage and inflammation, both
involved in the pathogenesis of athero s c l e-
rosis (3). In support of this hypothesis is
the independent relation—found in our
study after careful exclusion of individuals
with clinically evident cardiovascular dis-
ease—between fibrinogen levels and some
well-established cardiovascular risk factors,
such as LDL cholesterol and smoking,
which do not cluster with the components
of the metabolic syndro m e .

In conclusion, a clear association
exists between the metabolic syndro m e
and hyperfibrinogenemia; this association

is likely mediated by insulin re s i s t a n c e .
F u rther studies, in particular interv e n t i o n
studies, are needed before either insulin
resistance or hyperfibrinogenemia are
firmly established as cardiovascular risk
factors (4).
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Autoimmunity and
I n t r a p e r i t o n e a l
Insulin Treatment by
P ro g r a m m a b l e
P u m p s

Lack of relationship

Continuous intraperitoneal insulin
infusion (CIPII) by pro g r a m m a b l e
pumps is a promising therapy for

patients with type 1 (insulin-dependent)
diabetes, since it improves metabolic con-
t rol and decreases the frequency of severe
hypoglycemia (1). But this treatment leads
to an increase of anti-insulin immuno-
genicity (2–4), as shown by sustained ele-
vated levels of anti-insulin antibodies. The
re p o rt of five cases of hypert h y roidism in
type 1 diabetic patients treated with
intraperitoneal (IP) insulin infusion (5) has
raised the question of a more general stim-
ulation by CIPII of autoimmunity in type 1
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diabetic patients, this population being
genetically more susceptible to autoim-
mune disorders. This study prompted us
to examine the evolution of org a n - s p e c i fic
and non–org a n - s p e c i fic antibodies before
implantation and then during long-term
CIPII tre a t m e n t .

I n f o rmed consent was given by 28
patients with type 1 diabetes who were C-
peptide negative. Their mean age (± SD)
was 40 ± 9 years, and their mean duration
of diabetes was 21 ± 9 years. Of these
patients, 13 were women. One of the
women was known to have chronic thy-
roiditis with hypothyroidism (treated with
0.125 mg/day Levothyro x i n e ) .

B e f o re implantation, all the patients
had been treated by continuous subcuta-
neous insulin infusion (100 U Ve l o s u l i n e ;
Novo Nordisk, Copenhagen) for at least 6
months. Then, they were implanted with
an IP insulin delivery pump (Minimed
MIP 2001, Sylmar, CA, n = 16; Siemens
P romedos ID 3, Stockholm, n = 7; Infu-
said Model 1000, Norwood, MA, n = 5)
using Hoechst 21 PH semisynthetic
genapol stabilized insulin (Frankfurt ,
G e rmany) with a concentration of 100 or
400 U/ml, according to the device. Dura-
tion of IP insulin treatment was at least 24
months (range 24–60 months) and re p re-
sented a cumulative follow-up of 83
p a t i e n t - y e a r s .

B e f o re implantation, and then every
year after implantation, the following
parameters were determined for each
patient: anti-insulin (AIA), anti-thyro g l o b-
ulin (ATG), anti-thyro p e roxidase (AT P O ) ,
gastric parietal cell (PCA), smooth muscle
(SMA), mitochondrial (AMA), liver- k i d n e y
m i c rosome (LKM), anti-nuclear (ANA),
anti-endomysium (EmA), and anti-gliadin
(AGA) antibodies.

AIA was measured by radioim-
munoassay according to a pre v i o u s l y
described method (4). Results are
e x p ressed as the percentage of total
radioactivity that can be precipitated. AT G
and ATPO were determined by a two-step
immunoluminometric assay and a com-
petitive luminescence immunoassay,
respectively (BRAHMS; Henning, Berlin,
G e rmany). ANA, EmA, SMA, AMA, PCA,
and LKM antibodies were detected by a
s t a n d a rd indirect immunoflu o re s c e n c e
technique with appropriate substrates:
Hep2 cell line for ANA (Sanofi P a s t e u r,
M a rnes la Coquette, France), monkey
esophagus for EmA, and rat tissues (kid-
n e y, stomach, and liver) for the other anti-

bodies (Biomedical Diagnostics, Marne la
Vallée, France). An anti-human IgA conju-
gate was used for EmA and a polyvalent
conjugate for the others. Dilution limits
w e re 1:5 for EmA and 1:50 for the other
antibodies. IgG and IgA antibodies to
gliadin were detected by enzyme-linked
immunosorbent assay; cut-off values were
20 U (Biomedical Diagnostics). Compari-
son of antibody levels was made by non-
parametric tests for paired values.

The results show that before implanta-
tion, the sera of 19 of 28 patients were neg-
ative for all the tested antibodies. Nine
patients (six women, three men) pre s e n t e d
at least one positive antibody. Eight
patients (28%) had org a n - s p e c i fic antibod-
ies (five patients were positive for AT P O ,
t h ree patients for PCA), two patients had
ANA, and one had SMA.

After implantation and during IP
insulin treatment, no newly positive
s e rum appeared: the sera of the 19 of 28
patients that were negative before implan-
tation remained negative for all the tested
a n t i b o d i e s .

Among the nine patients with at least
one positive antibody, no variation was
o b s e rved in the titer of PCA, ANA, SMA,
AMA, or LKM antibodies or in AGA IgG
and IgA or EmA antibodies. The titer of
ATPO antibodies from the five alre a d y
positive sera varied during IP insulin tre a t-
ment. After 2 years of IP insulin tre a t m e n t ,
an increase was observed in two patients
( b e f o re IP insulin treatment: 269 and 725
U/ml; after 2 years: 1,268 and 1,797
U/ml), and a decrease was observed in
t h ree patients (before IP insulin tre a t m e n t :
2,801, 2,962, and 1,585 U/ml; after 2
years: 2,098, 1,643, and 1,007 U/ml)
( n o rmal values are 100 U/ml). After 4
years of IP insulin treatment, ATPO titers
w e re again fluctuating. One of the patients
developed clinical hypert h y ro i d i s m .

Mean insulin antibody level incre a s e d
during treatment by CIPII, as pre v i o u s l y
re p o rted (4) (before implantation: 21.4 ±
4%; 2 years after implantation: 31 ± 7%, P

0.01). But no significant diff e rence in
insulin antibody level was observed either
b e f o re or after implantation between the
g roup of 9 patients with at least one posi-
tive antibody and the group of 19 patients
with negative sera (before IP insulin tre a t-
ment: 15.9 ± 5 and 23.8 ± 4%; after 2
years: 27 ± 8 and 36.3 ± 6%, re s p e c t i v e l y ) .

Type 1 diabetes, especially in women,
is often associated with other clinical or
subclinical organ-specific autoimmune

manifestations (6). Thyroid diseases are the
most common of these. Non–org a n - s p e-
c i fic autoantibodies are also fre q u e n t l y
o b s e rved (7). In our population, before
implantation, eight patients had at least
one positive org a n - s p e c i fic antibody, and
one of them was already known to have
H a s h i m o t o ’s hypothyroidism. This re p re-
sents a 28% prevalence of clinical or sub-
clinical autoimmune manifestations. These
results are similar to those found by Bet-
terle et al. (8), showing a 21% pre v a l e n c e
of clinical or latent autoimmune manifesta-
tion, and to those of Perros et al. (9),
re p o rting a 17% prevalence of thyroid dis-
ease in type 1 diabetic women. The 10%
p revalence of non–org a n - s p e c i fic autoim-
munity is also comparable to the results of
the literature (7).

After implantation and throughout the
2 years of follow-up during treatment by
CIPII, the prevalence of autoimmune
manifestations did not change, as shown
by the fact that no newly positive seru m
appears. One patient who already had thy-
roid autoantibodies developed clinical
h y p e rt h y roidism with ophthalmopathy.
This re p resents an incidence of 2%, which
is not diff e rent from the 2.4% incidence of
new thyroid disease appearing in type 1
diabetic patients described by Perros et al.
(9). Conversely, our results are in disagre e-
ment with those of Jeandidier et al. (5),
who re p o rted five cases of hypert h y-
roidism in 62 diabetic patients treated by
IP insulin infusion. These last fin d i n g s
have not been confirmed in any other
F rench implantation center of the EVA-
DIAC group, and a center effect is pro b a-
bly involved.

As re p o rted before (2–4), anti-insulin
antibody increased during IP insulin tre a t-
ment, but no correlation was observ e d
between anti-insulin antibody level and
autoimmune manifestations.

Thus, our findings confirm that IP
insulin treatment by implantable pumps
induces an increase of anti-insulin anti-
body levels but do not demonstrate any
stimulation of org a n - s p e c i fic or non–
o rg a n - s p e c i fic autoimmune manifestation.
This seems reassuring for the future of this
t re a t m e n t .
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Autoimmunity and
intraperitoneal insulin

Type 1 diabetes is an autoimmune dis-
o rder that can be associated with a
variety of org a n - s p e c i fic autoimmune

d i s o rders. The thyroid gland is a common
autoimmune target in individuals without
other clinical autoimmune diseases, and in
diabetes, clinical thyroid autoimmunity
has an increased frequency (1). A re p o rt
by Jeandidier et al. (2) described, 3 years
ago, an 8% incidence of hypert h y ro i d i s m
in a group of 62 type 1 diabetic patients
receiving continuous intraperitoneal
insulin infusion (CIPII) using pro g r a m m a-
ble pumps. These authors appro p r i a t e l y
suggested, based on their observ a t i o n s ,
that there was a potential for CIPII to
induce autoimmunity. This form of insulin
d e l i v e ry triggers insulin antibody re s p o n-
siveness in 20–30% of patients so tre a t e d
(3–5). The mechanism of insulin re s p o n-
siveness is remarkably similar to autoim-
mune activation in that HLA genes contro l
responsiveness to an autoantigen or cro s s -
reactive antigen. How autoimmune
responsiveness is controlled by HLA
response or susceptibility genes in the
context of cro s s - reactive antigen is ele-
gantly described in molecular detail in the
c o w ’s milk model for human type 1 dia-
betes (6). In some individuals, multiple
autoimmune responses can occur dire c t e d
at a variety of target organs, e.g., thyro i d
and islets, that result in disorders, e.g.,
Graves’ disease and type 1 diabetes.

The question is whether insulin
immune responsiveness by CIPII in
patients with type 1 diabetes can activate
immune responsiveness to other org a n s .
Because immune responsiveness is deter-
mined by ligand-receptor binding in a
communication system that is highly inter-
connected between T- and B-cells, in
which there are 1 022 and 1 08 p o s s i b l e
epitope binding sites, re s p e c t i v e l y, virt u a l l y
any possible result is conceivable given the
c o rrect genotype (7,8). Thus, the concept
of whether CIPII is associated with hyper-
t h y roidism is reasonable to pursue.

In their letter, Lassmann-Vague et al.
(9) evaluate nine anti-insulin autoantibod-
ies against a variety of tissues before and

during CIPII treatment. During their 83
patient-year evaluation, no changes were
o b s e rved, yet their patients had a signifi-
cant increase in insulin antibody re s p o n-
siveness. These data argue against org a n -
s p e c i fic autoimmune activation by CIPII.
The most clinically relevant answer can be
a p p roached by examining whether thy-
roid disease prevalence is greater in dia-
betic patients using CIPII than in those not
using CIPII. Lassmann-Vague et al. (9)
re p o rt an argument against such cro s s -
reactive autoimmune activation. Their 28
patients did not show the 8% rate of
h y p e rt h y roidism, but rather the expected
rate of 2% observed in non–CIPII-using
diabetic subjects (10). The two re p o rts by
Jeandidier et al. (2) and Lassmann-Va g u e
et al. (9) are not statistically compelling,
since only two fewer patients with hyper-
t h y roidism, as in the case of Jeandidier et
al., or one more case with hypert h y-
roidism, in the case of Lassmann-Vague et
al., would result in opposite conclusions
to the question posed above. Although
neither paper has the statistical power to
refute or confirm the thyroid-CIPII ques-
tion, data from the EVADIAC (a well-org a-
nized group of French CIPII clinical cen-
ters), alluded to in the Lassmann-Vague et
al. letter, includes 300 CIPII-tre a t e d
patients in whom no increased thyro i d
disease was apparently observed at the
centers. If these data are formalized fro m
the Lassmann-Vague personal communi-
cations, then the autoimmune CIPII issue
would appear to be re s o l v e d .
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