
OBSERVATIONS

Blood Catalase
Deficiency and
Diabetes in Hungary

D iabetes is a group of metabolic dis-
eases characterized by hyperglyce-
mia. Clinical expression of diabetes

is dependent on both genetic and ac-
quired factors (1).

The metabolic effects of oxidants,
which are believed to contribute to many
diseases, may influence the development
of some forms of diabetes. The oxidant
hydrogen peroxide (H2O2) is a by-
product of normal cellular respiration
and is also formed from superoxide anion
by the action of superoxide dismutase.
H2O2 has been reported to damage pan-
creatic �-cells (2–4) and inhibit insulin
signaling (5).

The enzyme catalase (E.C. 1.11.1.6)
has a predominant role in controlling the
concentration of H2O2 (6,7), and conse-
quently, catalase protects pancreatic
�-cells from damage by H2O2 (3,8). Low
catalase activities, which have been re-
ported in patients with schizophrenia and
atherosclerosis (9), are consistent with the
hypothesis that long-term oxidative stress
may contribute to the development of a
variety of late-onset disorders, such as
type 2 diabetes (10,11). Two categories of
genetic deficiencies of erythrocyte cata-
lase, which were reviewed in 1995 (12),
are acatalasemia (�10% of normal activ-
ity) and hypocatalasemia (�50% of nor-
mal activity). In Hungary, 1 acatalasemic
and 12 hypocatalasemic families have
been described (10,13,14). These families
include 2 acatalasemic, 61 hypocata-
lasemic, and 66 normocatalasemic indi-
viduals. Diabetes was diagnosed in eight
members of these families. Both acata-
lasemic individuals were women with
type 2 diabetes; five of the hypocata-
lasemic women had type 2 diabetes, and
the only man with diabetes among the
eight was hypocatalasemic. Therefore, for
this cohort with inherited catalase defi-
ciency, the incidence of diabetes was
12.7%. None of the 66 normocatalasemic
members of the families had diabetes.
Thus, it was suggested that deficiency of

catalase and oxidant damage may contrib-
ute to the development of diabetes
(10,11).

In this study, we report 1) the fre-
quency of catalase deficiency observed
among Hungarian subjects who do not
have other family members with low cata-
lase activity, 2) the blood catalase activity
of randomly selected diabetic subjects, 3)
data from laboratory indicators of glyce-
mic control as well as insulin and C-
peptide concentrations in nondiabetic
hypocatalasemic and normocatalasemic
members of five of the Hungarian families
with catalase deficiency, and 4) insulin
and C-peptide concentrations in diabetic
patients with acatalasemia and hypocata-
lasemia.

Samples from 21,750 hospital pa-
tients, 1,630 clinic patients, and 3,300
healthy control subjects between the ages
of 14 and 93 years were screened for cata-
lase activity during a 3-year study pro-
gram in the Sümeg region of Western
Hungary. The criteria for diagnosis of di-
abetes were fasting plasma glucose �7
mmol/l, oral glucose tolerance test maxi-
mum glucose concentrations �11.1
mmol/l, and HbA1c �6.1%. Glucose was
determined by a glucose oxidase-
peroxidase method (Glucose test; Reanal,
Budapest). The reference range for fasting
glucose was 3.5–6.0 mmol/l.

Blood catalase activity was measured
with a spectrophotometric assay (9,13).
The mean � 1 SD of the reference range
for blood catalase activity was 113.3 �
16.5 MU/l (14). Decreased blood catalase
activity was defined as �80.3 MU/l, i.e.,
below the mean � 2 SD. Serum fructos-
amine was measured with the Roche Fruc-
tosamine Test (Roche Diagnostics, Basel).
The reference range was �283 �mol/l.
HbA1c was determined with a high-per-
formance liquid chromatography method
(Diamat; BioRad, Richmond, CA). The
reference range was 4.2–6.1%. Serum in-
sulin concentrations were determined us-
ing the radioimmunoassay method from
Izotóp Intézet (Budapest). The reference
range for fasting serum insulin was 5–35
mU/l (1 mU/l � 5.99 pmol/l). Serum
C-peptide was determined using the C-
PEP-CTZ radioimmunoassay kit from
CIS Bio International (Cedex, France).
The reference range was 280 –1,320
pmol/l. Student’s t test was used to evalu-
ate the statistical significance of the differ-
ences between mean values.

The screening of a large population

(26,680 subjects) of individuals from
Hungarian hospitals and clinics as well as
control subjects resulted in 174 nonane-
mic subjects with blood catalase activities
below the reference range. Among these
individuals, 13.8% had diabetes. This fre-
quency is higher than that observed in
hospitals (7.8%) or in the general popu-
lation (1.7%) in Hungary (10).

Blood catalase activities among 137
randomly selected diabetic patients had a
mean activity of 94.4 � 19.2 MU/l. This
mean value was significantly lower (P �
0.001) than the mean for the reference
range. These diabetic patients were not
members of families with established fa-
milial catalase deficiency. There was no
significant difference (P � 0.7) between
the mean catalase activities of the 45 pa-
tients with type 1 diabetes and the 92 pa-
tients with type 2 diabetes in this group.

Samples from five women with type 2
diabetes and inherited catalase deficiency
(one acatalasemic subject with 7.6 MU/l
and four hypocatalasemic subjects with
66.3, 24.4, 30.9, and 66.1 MU/l, respec-
tively) were analyzed for insulin and C-
peptide concentrations. In three patients
(one acatalasemic and two hypocatalas-
emic subjects), insulin levels (1.1, 4.1, and
4.4 mU/l, respectively) were below the ref-
erence range (5–35 mU/l); the insulin level
in the fourth hypocatalasemic patient was in
the reference range (26.3 mU/l), and the
insulin level in the fifth patient was above
the reference range (40.0 mU/l).

In these patients, the C-peptide val-
ues (40.3, 189.1, 15.9, and 8.6 pmol/l,
respectively) were below the reference
range (280–1,320 pmol/l), and in one hy-
pocatalasemic patient, the C-peptide
value (1,185 pmol/l) was near the upper
end of the reference range. The C-peptide
versus insulin ratios in these patients were
0.36, 1.04, 0.52, 1.12, and 4.3 pmol/l,
respectively, all of which were lower than
the generally accepted ratio of �5:1 (15).

The indicators of hypoglycemia and
�-cell secretion in nondiabetic catalase-
deficient (n � 7) and age-matched
(45.1 � 10.5 vs. 44.7 � 17.9 years) nor-
mocatalasemic relatives (n � 12) were for
catalase (mean � SD) 62.4 � 23.5 vs.
114.3 � 17.0 MU/l (P � 0.001), glucose
5.25 � 0.72 vs. 4.94 � 0.40 mmol/l (P �
0.241), HbA1c 5.38 � 0.49 vs. 4.98 �
0.41% (P � 0.078), fructosamine
235.6 � 43.8l vs. 224.8 � 26.2 �mol/l
(P � 0.508), insulin 8.0 � 3.4 vs. 18.8 �
7.9 mU/l (P � 0.001), and C-peptide
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173.7 � 85.4 vs. 336.8 � 189.8 pmol/l
(P � 0.046).

The elevated concentrations of H2O2
that must exist in individuals with cata-
lase deficiency may damage pancreatic
cells, influence insulin release and signal-
ing, and alter glucose metabolic processes,
as discussed elsewhere (2–5,8,9,16,17).
The increased frequency of diabetes asso-
ciated with catalase deficiency and the ob-
served low catalase activity among
diabetic patients are consistent with the
hypothesis that long-term oxidative stress
due to lower-than-normal catalase activ-
ity may be a risk factor for diabetes.

In model systems that have a normal
expression of catalase, the activity of this
antioxidant enzyme has been observed to
increase in response to oxidative stress
(3,18) and protect pancreatic �-cells. Our
data are consistent with the hypothesis
that individuals with inherited catalase
deficiency lack this ability to protect their
�-cells and are consequently at risk of de-
veloping diabetes. It is clear from the
small fraction of catalase-deficient sub-
jects who have diabetes that this enzyme
deficiency alone cannot be used to predict
whether an individual will develop diabe-
tes. It is also clear that catalase deficiency
may be a risk factor for diabetes, at least in
the Hungarian population that we ana-
lyzed.

The kind of diabetes involved with
catalase deficiency may not be classic type
2 diabetes in which individuals progress
from impaired glucose tolerance with
modest hyperglycemia and hyperinsulin-
emia to overt diabetes. The low insulin
and C-peptide values in most of the non-
diabetic hypocatalasemic subjects and in
the diabetic subjects with catalase defi-
ciency indicate that most diabetic and di-
abetes-susceptible individuals with
catalase deficiency may not have hyperin-
sulinemia of classic type 2 diabetes.

In conclusion, a mechanism may be
that an elevated concentration of hydro-
gen peroxide, due to decreased catalase
activity, could contribute to oxidative de-
struction of pancreatic � cells, to de-
creased insulin secretion and insulin
effectiveness, and to the onset of diabetes.
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Don’t Ignore the
Patients

O ver 90% of the daily long-term
treatment of most chronic condi-
tions is carried out by patients

themselves in their own homes. Conse-
quently, patients must be recognized and
accepted as legitimate members of the
health care team, with all of the associated
rights and responsibilities. Chronic ill-
nesses will, both now and in the foresee-
able future, continue to be our nation’s
leading causes of death, disability, and
medical expenditures, and as such, they
will demand a delivery system responsive
to their unique needs and to patient in-
volvement.

The Institute of Medicine’s (IOM’s)
Committee on Quality of Health Care in
America recently published Crossing the
Quality Chasm: A New Health System for the
21st Century (1). This publication will un-
doubtedly have a tremendous impact on
the future of health care in this nation.
The conclusions reached indicate the
need for “fundamental changes” and de-
clared “health care must be: safe, effective,
patient-centered (providing care that is
respectful of, and responsive to, individ-
ual preferences), timely, efficient and eq-
uitable.” Unfortunately, the role and
responsibilities of patients in this report
were grossly neglected, and references
were repeatedly made to “patients receiv-
ing care” or to the system “serving” or
“providing patients with.” These infer-
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ences tend to perpetuate the existing pa-
ternalistic acute care system, which relies
on activated health professionals provid-
ing care to a passive patient population.

Health maintenance, chronic disease
prevention, and long-term treatment are
largely the responsibility of patients
themselves, and it is imperative that this
concept be acknowledged, developed,
and implemented as soon as possible. The
IOM publication failed to advocate this
concept. Currently, there is considerable
interest in “patients’ rights,” which is a
step in the right direction, but this must
be accompanied simultaneously by an ef-
fort to define and legislate “patient re-
sponsibilities.”

Health care for the 21st century must
use a systems-approach directed at the
prevention and treatment of chronic ill-
nesses that is scientifically based, cost-
effective, and patient-oriented (2). These
demands vary widely from those society
currently expects, demands, and rewards.
It will require decades for society and the
medical profession to develop, adapt, and
implement these fundamental changes,
but we must begin NOW. The basis for
any successful “New Health System for
the 21st Century” must be patient-led.
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The American
Diabetes Association
Should Be a Leader
in Reducing
Medication Errors

The 1999 publication of the Institute
of Medicine’s (IOM’s) review of
medical errors, To Err is Human:

Building a Safer Health System (1), along
with the publication of Michael Cohen’s

book, Medical Errors (2), highlighted the
impact that medical errors have on the
U.S. health care system and the potential
for high morbidity and possible fatal out-
come for the individual patient (7,000	
deaths per year from medication errors).
Throughout the country, health care pro-
viders, hospitals, and delivery systems are
making elimination of medication-related
errors a top priority, with strong support
from major employers and the federal
government. A cultural shift must occur,
moving from “blame the individual,” to an
approach looking for the root cause of
errors and focusing on system-wide
changes to prevent recurrence. Until uni-
versal availability of physician order-
entry, bar-coding, and other innovative
methods to reduce errors are a reality (ac-
knowledging that nothing is foolproof),
errors will continue to plague our dys-
functional health care system.

By looking at the stages of the medi-
cation process, physicians’ orders have
been identified as the most common
source of preventable errors. Insulin has
been singled-out repeatedly as one of the
medications most frequently involved in
medication errors. Both the IOM’s 1999
report and Cohen’s book identify insulin
as the medication with the greatest likeli-
hood for harm when errors occur. Hand-
written orders for insulin using the letter
“U” for “units” leads to errors with 10-fold
or more increases in insulin dosages oc-
curring as the letter “U” is mistaken for a
0, 4, or 6. By establishing a task force to
address this error in our hospital and
making insulin order sheets with the
word “units” preprinted in the order area,
we have significantly reduced insulin-
related errors.

The American Diabetes Association
(ADA) is in the unique position to greatly
reinforce the use of “units” for writing in-
sulin orders throughout the U.S. and
world health care systems. Eliminating
the use of “U” in ADA publications and
adopting an aggressive stance on this will
make a tremendous impact on the health
of diabetic patients by protecting them
from insulin overdosage. Please incorpo-
rate these changes and help lead the world
in the elimination of medical errors.
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Note from the Editor: When Dr. Crowe brought this
problem to the attention of the ADA professional publi-
cations staff in May of this year, they immediately began
spelling out “units” in text and revising figures whenever
possible. The change has been in effect since the August
issues of Diabetes and Diabetes Care and the summer
issues of Diabetes Spectrum and Clinical Diabetes.
Although the use of “units” may take a little longer to be-
come apparent in ADA’s books and pamphlets, ADA staff
have made a commitment to promoting this practice.
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Immune Responses
to Hepatitis B
Vaccine With and
Without the Pre-S2
Antigen in Children
With Type 1
Diabetes

This study involved 20 patients (10
males and 10 females) with type 1
diabetes who were seronegative for

hepatitis B surface-antigen (HBsAg) and
other hepatitis B (HB) viral markers
and had no diabetic complications. As
patients were recruited over a period of
several months, each patient was alterna-
tively assigned to one of two vaccination
groups (A or B). There was no significant
difference between groups A and B in
terms of age, sex, duration of diabetes,
and levels of HbA1c. Written informed pa-
rental consent was obtained for all pa-
tients. Patients in groups A (mean age
12.7 � 2.6 years, mean duration of dia-
betes 5.1 � 2.6 years, mean HbA1c level
8.6 � 0.7%) received three doses of 10 or
20 �g (the lower dose was given to pa-
tients aged �10 years, as recommended
by the manufacterer) of a recombinant
DNA HB vaccine (Engerix B; Smith-Kline
Beecham, Rixensart, Belgium) by intra-
muscular injections in the left thigh at 0,
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1, and 2 months. Patients in group B
(mean age 13.8 � 5.7 years, mean dura-
tion of diabetes 6.3 � 3.6 years, mean
HbA1c level 8.4 � 0.5%) were given three
doses of 20-�g recombinant DNA HB
vaccine that included pre-S1 and -S2 pro-
teins encoded by the HB viral genome
(GenHevac B; Pasteur Vaccins, Pasteur-
Mérieux, Marcy l’Etoile, France). We
adopted this schedule of vaccinations to
induce early immunization because chil-
dren with type 1 diabetes are considered
to be at increased risk of infection by HB
virus (1). A sample of venous blood (10
ml) was taken from each child in group A
and group B at 4–5 weeks after the first,
second, and third injection of HB vaccine
to determine the serum concentrations
of HBsAg, HBsAg–specific antibodies
(HBsAb), and other common markers of
infection by HB virus (Ausria II, Corab
and Ausab; Abbott Laboratories, Chica-
go). Moreover, HLA class I antigens were
analyzed by serological typing, whereas
HLA class II antigens (DR3, DR4, DR7,
and DQ2) were analyzed by polymerase
chain reaction (Amplicor HLA DRB test;
Roche, Monza, Italy). The HLA class II
antigens DR3, DR4, DR7, and DQ2 were
equally distributed in both groups of
children. Both vaccines were well toler-
ated, and no immediate adverse reactions
were observed in any of the 20 patients.

Table 1 shows the means of the titers
of antibodies (MTAs) against HB virus in
the children of groups A and B after each
of the three doses of HB vaccine. The
MTAs against HB virus in the patients of
group B were higher than those of group
A after each dose of vaccine. The differ-
ence between the groups was statistically
significant (P � 0.014) after the adminis-
tration of the third dose of the vaccine.
However, the MTAs against HB virus of
the patients in group B were lower than
those determined in other young patients
with type 1 diabetes who received three
doses of HB vaccine at 0, 1, and 6 months
(2). This difference was probably attrib-

utable to the schedule of vaccinations,
which induced earlier immunization (3),
albeit with lower titers of antibodies.
Douvin et al. (4) found that the choice of
the HB vaccine has little influence on the
immune response to HB vaccine adminis-
tered at 0, 1, 2, 4, and 12 months in adults
with type 1 or type 2 diabetes. However,
in patients vaccinated with GenHevac B,
HBsAbs appeared earlier than in patients
vaccinated with Engerix B. The different
results in the two studies could be due to
both the age of the patients and the sched-
ule of vaccinations. It seems that the im-
mune response to HB vaccine is poorer in
adults (5); this could explain the low
HBsAb titers found by Douvin et al. (4)
after three doses of both vaccines admin-
istered at 0, 1, and 2 months. As we did
not give a fourth dose at 12 months, we
cannot exclude that we could have found
a similar immune response to both vac-
cines after a fourth dose at 12 months.

The hyporesponsiveness and poorer
immune response of the children in group
A did not seem to correlate with the dis-
tribution of HLA class II antigens, nor did
they appear to be due to age, sex, level of
HbA1c, or duration of diabetes. The better
immune response of children who were
given three doses of GenHevac B was
probably a result of the formulation of the
vaccine (6). It has been demonstrated that
in mice, the pre-S2 region of HBsAg is
more immunogenic than the S region in
regard to induction of antibodies (7),
probably because the pre-S2 region of
HbsAg is able to recruit helper T-cells that
circumvent nonresponsiveness to the S
region. We suggest that when HB vaccine
is administered to children with type 1
diabetes, a vaccine that includes the
pre-S2 antigen is preferable because it
may guarantee a more adequate and long-
er-lasting protection against infection by
HB virus.
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Mollica F: Hyporesponsiveness to intra-
dermal administration of hepatitis B
vaccine in insulin dependent diabetes
mellitus. Arch Dis Childh 78:54–57, 1998

3. Giammanco G, Li Volti S, Mauro L, Bilan-
cia GG, Salemi I, Barone P, Musumeci S:
Immune response to simultaneous ad-
ministration of a recombinant DNA hep-
atitis B vaccine and multiple compulsory
vaccines in infancy. Vaccine 9:747–750,
1991

4. Douvin C, Simon D, Charles MA, De-
forges L, Bierling P, Lehner V, Budkowska
A, Dhumeaux D: Hepatitis B vaccina-
tion in diabetic patients: randomized trial
comparing recombinant vaccines con-
taining and not containing pre-S2 anti-
gen. Diabetes Care 20:148–151, 1997

5. Assatteerawatt A, Tanphaichitr VS, Su-
vatte V, Yodthong S: Immunogenicity and
efficacy of a recombinant DNA hepatitis B
vaccine, GenHevac B Pasteur in high risk
neonates, school children and healthy
adults. Asian Pac J Allergy Immunol 11:85–
91, 1993

6. Milich DR, McNamara MK, McLachlan A,
Thornton GB, Chisari FV: Distinct H-2-
linked regulation of T-cell responses to
the pre-S and S regions of the same hep-
atitis B surface antigen polypeptide allows
circumvention of nonresponsiveness to
the S region. Proc Natl Acad Sci U S A 82:
8168–8172, 1985

7. Milich DR, Thornton GB, Neurath A, Kent
S, Michel M, Tiollais P, Chisari FV: En-
hanced immunogenicity of pre-S region
of hepatitis B surface antigen. Science 228:
1195–1199, 1985

Table 1—MTAs against HB virus (anti-HBs mIU/ml) of children in groups A and B 4–5 weeks
after the administration of the first, second, and third dose of HB vaccine

n First dose Second dose Third dose

Group A (Engerix-B) 10 0 (0–3.19) 15.44 (0–1,000) 157.5 (4.54–1,630)
Group B (GenHevac-B) 10 8 (0–150) 128.5 (0–1,000) 1,000 (170–2,796)

Data are median (range) unless otherwise indicated. For first and second dose, P � NS; for third dose, P �
0.014.

Letters

1842 DIABETES CARE, VOLUME 24, NUMBER 10, OCTOBER 2001



Proinsulin-Specific
Autoantibodies Are
Relatively Infrequent
in Young Offspring
With Pre–Type 1
Diabetes

Insulin is a �-cell–specific and pivotal
autoantigen in type 1 diabetes (1) and
is produced after proteolysis of its pro-

hormone proinsulin, which is a potential
target of autoimmunity. T-cell studies in
the nonobese diabetic (NOD) mouse
(2,3) and in prediabetic relatives of pa-
tients with type 1 diabetes (4,5) indicate
the existence of proinsulin-specific im-
munodominant epitopes localized in the
region between the C-peptide and the A-
chain, whereas immune intervention with
proinsulin in the NOD mouse can prevent
diabetes onset. These studies have led to
the proposal of proinsulin as a primary
target of autoimmunity associated with
type 1 diabetes. At the humoral level, pro-
insulin-specific autoantibodies have also
been reported in humans (6,7). Our own
data show, however, that proinsulin au-

toantibody (PAA) and insulin autoanti-
body (IAA) levels correlate well in newly
diagnosed patients, but IAAs are more
sensitive and specific for type 1 diabetes
(7). Furthermore, IAA or PAA could be
completely displaced with either insulin
or proinsulin in the majority of patients,
suggesting that the main epitopes recog-
nized by these antibodies at diabetes on-
set are on the insulin molecule. In the
present study, we investigated whether
antibodies to proinsulin-specific epitopes
either preceded or were a more relevant
finding early in the development of dia-
betes-associated autoimmunity.

We took advantage of the German
BABYDIAB Study, in which samples from
the offspring of parents with type 1 dia-
betes were obtained at birth, 9 months,
and 2 and 5 years of age and where 62
(4.2%) offspring developed IAA by 2
years of age (8). Samples from 48 off-
spring (median age 2.6 years) were stud-
ied. All had islet autoantibodies that
included IAA. Antibodies to insulin and
proinsulin were measured by microradio-
binding assays, incorporating displace-
ment with unlabel led insul in or
proinsulin, respectively, as previously de-

scribed (7,9). To identify proinsulin-
specific antibodies, displacement of
binding to radiolabeled proinsulin was
also performed with excess cold insulin
(52 �mol/l).

There was a strong correlation be-
tween IAA and PAA levels (r � 0.88, P �
0.01) (Fig. 1). Only 3 of the 48 IAA-
positive offspring showed no binding to
proinsulin; 1 of these 3 was positive for
another diabetes-associated antibody in
the index sample, but all 3 children had
further IAA-positive samples after the in-
dex sample, and 1 of these subsequently
developed islet cell antibody, GAD anti-
body, and antibody to IA2. Binding to in-
sulin in the remaining 45 sera could be
completely inhibited with cold proinsu-
lin. Binding to proinsulin in 2 of the 45
PAA-positive sera could not be com-
pletely inhibited with cold insulin, sug-
gesting that PAA in these 2 offspring were
directed against both epitopes that are
shared by proinsulin and insulin and
epitopes found only on the proinsulin
molecule. Both had relatively high PAA
and IAA (case 1: 14.9 units IAA, 6.9 units
PAA; case 2: 14.6 units IAA, 44.1 units
PAA). Proinsulin-specific antibodies (not
displaceable by insulin) accounted for
49% of the binding to proinsulin in case 1
and for 48% of the binding to proinsulin
in case 2. Previous and follow-up samples
were analyzed in these two subjects. Nei-
ther had PAA in a sample obtained before
the first detection of IAA. In case 1, both
IAA and PAA declined in follow-up sam-
ples, but the proportion of proinsulin-
specific binding remained �30%. Case 2
developed type 1 diabetes 1 year after the
measurement of IAA and PAA. Insulin
antibodies increased (32 units) and PAA
decreased (12.3 units) after the com-
mencement of insulin therapy in this
subject. The proportion of proinsulin-
specific antibodies remaining were mark-
edly reduced (4%), indicating that insulin
therapy did not promote the production
of proinsulin-specific autoimmunity.
Type 1 diabetes genotyping identified
HLA DR*11/0401 DQA*05/03 DQB*
0301/0302 in case 1 and HLA DR*11/12
DQA*05/0102 DQB*0301/0502 in
case 2.

The data indicate that proinsulin-
specific humoral autoimmunity is rela-
tively uncommon in the initial stages of
diabetes-associated autoimmunity. The
relative absence of proinsulin-specific
autoantibodies during the disease process

Figure 1—Correlation between the insulin (abscissa) and proinsulin autoantibodies (ordinate) in
48 young offspring with positive IAA. – – –, the threshold for positivity for each of the antibodies;
�, offspring with proinsulin-specific autoantibodies; f, offspring with insulin-specific autoanti-
bodies. The majority of samples react with insulin and proinsulin, indicating that the relevant
epitopes are on the insulin molecule.
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does not suggest that screening for PAA
rather than IAA would be more effective
in early identification of young children
at risk and does not provide evidence for
proinsulin rather than insulin as a pri-
mary target in diabetes-associated auto-
immunity.
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Effect of Repaglinide
Addition to NPH
Insulin Monotherapy
on Glycemic Control
in Patients With Type
2 Diabetes

R epaglinide is a new type of oral hy-
poglycemic agent. Its rapid absorp-
tion, short metabolic half-time (1

h), and novel insulin release profile are all
characteristics desired for treating elderly
people with type 2 diabetes. The aim of
this study was to investigate the efficacy
and safety of repaglinide in combination
with NPH insulin in subjects with type 2
diabetes on insulin monotherapy with
suboptimal glycemic control.

The prospective, no-blind study was
performed in our clinical research unit.
We selected 27 (7 men and 20 women)
type 2 diabetic patients who were non-
smokers and whose glycemic control was
unsatisfactory (HbA1c �7.1%) with two
doses of NPH insulin for �6 months. Ad-
ditional inclusion criteria were age 45–75
years (mean 65 � 9.6) and BMI �21
kg/m2 (mean 27.2 � 3.9). For the pur-
pose of this study, we followed the Amer-
ican Diabetes Association’s standards for
medical care, which considers an HbA1c
level �1% above the upper reference
range for a nondiabetic population as a
goal for good glycemic control and an
HbA1c level �7.1% as unsatisfactory gly-

cemic control. All subjects were required
to be able to comply with the protocol and
to carry out home blood glucose monitor-
ing. The initial exclusion criteria included
any clinically significant elevation of liver
transaminases, previous rapid insulin
treatment, alcohol or drug abuse, and un-
awareness of hypoglycemia. All subjects
gave informed consent to participate in
the study. The study was conducted in
accordance with the 1964 Declaration of
Helsinki and Guidelines for Good Clinical
Research Practice in Spain.

After recruitment, prestudy insulin
doses for each patient were maintained
during a 4-week baseline period. Subjects
who still were not under optimal control
after that period were maintainted on
their prestudy insulin doses, and a fixed
dose of repaglinide (2 mg three times a
day) was added to the treatment until the
end of the study. Insulin doses were ad-
justed only during the first 4 weeks and
were then kept constant for 3 months.
Blood pressure, HbA1c, number of ambu-
latory hypoglycemic events, mean of pre-
meal and 2-h postprandial glucose
profiles, and total, LDL, and HDL choles-
terol and triglycerides were measured at
the start of the study and after 3 months of
treatment with repaglinide. Changes in
insulin dosage from the initial treatment
as well as hypoglycemic events compared
with the previous 3 months of the study
were also assessed. During treatment, pa-
tients followed the same dietary intake
(1,500 calories/day) and physical activity
regimen that they followed before the
study. If antihypertensive and antilipid
agents were being taken at recruitment,
administration was continued during
treatment. Blood pressure was measured
twice after a 10-min rest with a random
zero mercury sphygmomanometer, and
the two measurements were averaged.

Demographic and baseline character-
istics were mean age 65 � 9.6, duration of
diabetes 12.2 � 8.4 years, and BMI
27.2 � 3.9 kg/m2. HbA1c decreased sig-
nificantly from 8.2 to 7.0% (P � 0.0001)
(14.7% decrease from baseline), and 2-h
postprandial glucose decreased signifi-
cantly by 3.61 mmol/l (from 11.4 � 2.5 to
7.8 � 2.7 mmol/l, [P � 0.01]). No signif-
icant decrease was detected in prepran-
dial glucose levels (9.44 � 3.2 to 9.17 �
3.2 mmol/l, P � NS). No significant
changes were observed in other cardio-
vascular functions, BMI, or blood pres-
sure. Taken together, the patients’ insulin
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dose did not change significantly (33.1 �
17.5 to 29 � 27 units/day, P � NS); al-
though 66.7% of our patients needed less
insulin while on repaglinide than before,
29.6% maintained the same dose, and
3.7% increased their dosage. The number
of hypoglycemic events during 3 months
of treatment with repaglinide was similar
to that before treatment (2.7 � 2.4 to
1.45 � 2.6 events, P � NS). None of the
subjects were in optimal glycemic control
at entry. By the end of our study, 37.5% of
subjects were in optimal control (HbA1c
�7.1%).

In short-term placebo-controlled tri-
als, HbA1c was reduced from 8.5% at
baseline to 7.8% after only 12 weeks with
repaglinide monotherapy (1). In diabetic
patients not previously treated with other
drugs, repaglinide resulted in a 30% de-
crease in HbA1c, from 6.98 to 4.87%, with
fasting and postprandial blood glucose
levels decreased by 70 and 112 mg/dl, re-
spectively (2). A long-term trial (3) com-
pared repaglinide with glipizide at doses
of 5–15 mg twice a day. This study (3)
demonstrated the significant superiority
of repaglinide in lowering HbA1c (0.6%,
P � 0.05) and fasting glucose (16 mg/dl,
P � 0.05) over a period of 1 year. In two
direct comparison studies with glyburide,
the degree of glycemic control was similar
between repaglinide and glyburide after
14 months. In patients naive to oral treat-
ment, repaglinide resulted in a decrease in
HbA1c from 9.4 to 7.6% within the first 3
months, and the effect was maintained for
1 year (4–5). In another study (6), repa-
glinide and glibenclamide were com-
pared, and the decrease in blood glucose
levels and HbA1c values were similar in
both groups (0.3% of HbA1c). When re-
paglinide was used in combination with
metformin for the treatment of type 2 di-
abetes, more improvements in glycemic
control were observed than with met-
formin therapy alone (HbA1c 6.9 vs.
8.3%, respectively) (7). With the combi-
nation of repaglinide and troglitazone,
Raskin et al. (8) showed a significant re-
duction in mean HbA1c values (�1.7%)
that was greater than that with either ther-
apy alone.

Our study is the first prospective eval-
uation specifically designed to examine
the efficacy of administering repaglinide
to patients on insulin monotherapy with
inadequate glycemic control. In conclu-
sion, insulin therapy combined with re-
paglinide resulted in a decrease in HbA1c

and postprandial glucose levels, with no
increase in the number of hypoglycemic
episodes.
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Loss of Awareness
of Hypoglycemia
Temporally
Associated With
Selective Serotonin
Reuptake Inhibitors

S elective serotonin reuptake inhibi-
tors (SSRIs) are commonly pre-
scribed for the treatment of depres-

sion in patients with diabetes. We previ-
ously reported a 17-year-old patient with
type1diabeteswhodevelopedlossofhypo-
glycemic awareness while on fluoxetine
hydrochloride for depression (1). He re-
gained hypoglycemic awareness after dis-
continuing fluoxetine. We hereby present
two other cases of loss of hypoglycemic
awareness temporally associated with the
use of SSRIs.

CASE 1
This Caucasian female was diagnosed
with type 1 diabetes at 10 years of age. She
was treated with an intensive subcutane-
ous insulin program (total 1.1 units � kg�1

� day�1) and a 1,600-kcal diabetic diet.
Her HbA1c was 9.7%. Blood glucose lev-
els �70 mg/dl occurred approximately
once per week and were always accompa-
nied by warning symptoms (hunger, dia-
phoresis, and generalized weakness). All
low blood-glucose levels were self-
treated, and there was no history of sus-
tained hypoglycemia.

At 17 years of age, the patient became
depressed and was treated with sertraline
hydrochloride (200 mg orally daily).
While on therapy with sertraline, she
experienced decreased awareness of hypo-
glycemia; hypoglycemic episodes increased
in frequency to two to three times per
week. She had two episodes of severe hy-
poglycemia complicated by unconscious-
ness. Insulin dosages, prescribed diet,
weight, and HbA1c were similar before
and during treatment with sertraline. Ser-
traline was discontinued 6 months later,
and awareness of hypoglycemia returned.

CASE 2
Our second patient, a Caucasian female
with cystic fibrosis, had diabetes since 14
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years of age, when she presented with di-
abetic ketoacidosis. During treatment
with an intensive subcutaneous insulin
program (total 0.77 units � kg�1 � day�1)
and a 2,300-kcal diabetic diet, HbA1c was
8.1%. Blood glucose levels �70 mg/dl oc-
curred three to four times per week and
were typically accompanied by warning
symptoms. The patient had two severe
hypoglycemic episodes (manifested by
lack of consciousness) over a period
of 5 years.

At 21 years of age, she became de-
pressed and was treated with paroxetine
hydrochloride (30 mg once daily). During
3 months of paroxetine treatment, she
experienced sedation, fatigue, and de-
creased awareness of hypoglycemia. Se-
verity of hypoglycemic episodes worsened
(external assistance was required five
times), as the frequency of hypoglycemia
increased to four to five hypoglycemic ep-
isodes per week. Insulin dosage was de-
creased to a total of 0.6 units � kg�1 �
day�1, and the prescribed meal plan re-
mained unchanged. Her weight increased
by 10 kg. The HbA1c was 7.9%. After dis-
continuation of paroxetine, awareness of
hypoglycemia improved dramatically; no
severe hypoglycemic reactions recurred.

The mechanism of hypoglycemic un-
awareness in our patients is unknown.
SSRIs do not influence plasma insulin lev-
els (2) or augment hypoglycemic action of
injected insulin (3). SSRIs do not seem to
affect ACTH, cortisol, growth hormone
(4), or sympatho-adrenal responses to
insulin-induced hypoglycemia (5). SSRI-
associated hypoglycemic unawareness
may result from autonomic dysfunction,
comprising a forme fruste of serotonin
syndrome. A similar mechanism may
cause some anorgasmia in SSRI-treated
patients.

In conclusion, SSRIs are effective anti-
depressants commonly used in patients
with diabetes. However, we advise close
monitoring for potential loss of hypogly-
cemic awareness in diabetic patients
treated with SSRIs.
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Genetic and
Environmental
Factors for Type 1
Diabetes

Data from the province of Oristano,
Sardinia, Italy

The exact role of genetic susceptibil-
ity and environmental factors in de-
termining type 1 diabetes has not

been clarified. The island of Sardinia has
one of the highest rates of type 1 diabetes
in the world (1). The contribution of ge-
netic susceptibility to the etiology of type
1 diabetes has been investigated in several
studies of migrants of Sardinian origin
who live in various regions of Italy (2–4).
However, few data are available on the risk
of type 1 diabetes among immigrants of
mainland origin who live in Sardinia (5).

To further examine the contribution
of genetic and environmental factors to
type 1 diabetes in Sardinia, we enrolled all
incident cases of type 1 diabetes diag-
nosed in the province of Oristano aged
0–29 years between 1993 and 2000 (5).
Data sources included the local pharma-
ceutical service, which provides patients
with insulin syringes and other material

needed for daily therapy (primary source), a
register of individuals with chronic con-
ditions that are exempt from health ser-
vice fees, and the pediatric department of
Oristano’s provincial hospital. Finally,
our data were checked with the Eurodiab
Ace Sardinian Registry. We used the cap-
ture-recapture method to assess the com-
pleteness of our sources, and we used the
population data supplied annually to the
Public Health Service by the 78 munici-
palities of the province to calculate rates.

The primary source completeness
was 100%. As of 31 December 2000, 303
patients aged 0–29 years who were resi-
dents of the Oristano province had been
identified, including 10 with secondary
diabetes who were excluded from further
analysis. The point prevalence was 5.4 per
1,000 (95% CI 4.8–6.0). The incidence
rate, standardized by age (direct method;
reference population with a uniform age
distribution) from 1993 to 2000, was
52.7 per 100,000 person-years (95% CI
42.4 – 63.0) in the 0- to 14-year age-
group, 21.5 (16.0–26.9) in the 15- to 29-
year age-group, and 37.1 (31.2–42.7) in
the overall 0- to 29-year age-group.

Incidence was not stable in the 8-year
period of the study. In particular, we ob-
served a peak in the 0- to 14-year age-
group in 1998, with 24 cases observed
(incidence rate 105.2/100,000, 95% CI
70.5–157.0), as compared with 13 cases
expected, resulting in a standardized in-
cidence ratio (SIR) of 1.92 (95% CI 1.23–
3.01, P � 0.004; Wald test). In 1994, five
cases were observed (incidence rate 19.6/
100,000, 8.2–47.1), far lower than the
14.5 cases that were expected, resulting in
a SIR of 0.35 (0.14–0.88, P � 0.03).

When the overall 0 –29 year age-
group was considered, annual fluctua-
tions were less dramatic, with SIRs of 1.56
(95% CI 1.06–2.30, P � 0.02) in 1998
and 0.44 (0.26 – 0.74, P � 0.002) in
1994. These data suggest that there is an
interaction between type 1 diabetes and
age.

When we examined geographic vari-
ations, no cases were reported in the mu-
nicipality of Arborea among the population
aged 0–29 years (1,571 inhabitants, 8.5
cases expected, P � 0.0005; Fisher’s exact
test). According to previous observations
(5), this is likely explained by the fact that
�65% of the Arborea population is of
non-Sardinian origin; most were origi-
nally from the Veneto Region of Italy.
Also, data on the incidence of type 1 dia-
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betes in the previous 12 years (our data
plus data for 1989–1992, published by
the Regional Department of Epidemiol-
ogy) (6) support our findings of a lower-
than-expected rate in Arborea (0 cases of
20,896 person-years in the 0- to 29-year
age-group vs. 234 cases of 718,739 per-
son-years in the remaining province, P �
0.002; Fisher’s exact test).

In conclusion, our data further sup-
port the findings of others that type 1 di-
abetes is determined by genetic and
environmental factors. The rapid fluctua-
tions in incidence during the study period
suggest a role of environmental factors,
whereas the absence of observed cases
among a population mainly of non-
Sardinian origin suggests the role of ge-
netic risk factors.
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Serum Nonesterified
Fatty Acids Are
Increased in
Nonobese Japanese
Type 2 Diabetic
Patients With
Microalbuminuria

T he major clinical consequence of
type 2 diabetes is mortality and mor-
bidity from atherosclerotic vascular

disease. The degree of atherosclerosis can
be evaluated by high-resolution B-mode
ultrasound scan (1). Using high-
resolution B-mode ultrasound scan, we
recently demonstrated that serum nones-
terified fatty acids (NEFAs) are independently
associated with carotid atherosclerosis in
nonobese nonhypertensive Japanese type
2 diabetic patients (2). Michaud et al. (3)
recently reported that fatty acids enhance
lipoprotein lipase (LPL) production in
human macrophages. LPL secreted from
macrophages is known to contribute to
the development and progression of ath-
erosclerosis (4). Thus, fatty acids are con-
sidered to be associated with atherosclerotic
vascular disease in type 2 diabetic pa-
tients.

Slightly increased urinary albumin
excretion rate, microalbuminuria, is con-
sidered as an index of diabetic nephropa-
thy. Microalbuminuria has also been
identified as an independent risk factor
for atherosclerosis in type 2 diabetic pa-
tients. An association between microalbu-
minuria and cardiac disease in type 2
diabetic patients has been demonstrated
(5). To the best of our knowledge, how-
ever, it remains to be clarified whether
type 2 diabetic patients with microalbu-
minuria have higher concentrations of
serum NEFAs than those with nor-
moalbuminuria. In this context, a major
problem is that microalbuminuria has
been associated with atherosclerotic risk
factors, such as high blood pressure, hy-

pertriglyceridemia, and low HDL choles-
terol, thus complicating the relation of
microalbuminiuria with serum NEFAs
(6,7). Moreover, it is well recognized that
being overweight or hyperglycemic per se
affects microalbuminuria and serum
NEFA levels in humans. We therefore re-
cruited nonobese type 2 diabetic patients
with microalbuminuria who were care-
fully matched for BMI, blood pressure, se-
rum lipid level, and fasting glucose to
those with normoalbuminuria. This is the
first description that serum NEFAs are in-
creased in nonobese Japanese type 2 dia-
betic patients with microalbuminuria.

A total of 21 diabetic patients with
microalbuminuria (15 men and 6 women)
and 45 patients with normoalbuminuria
(33 men and 12 women) were enrolled in
the study. They all were nonobese (BMI
�27 kg/m2) Japanese type 2 diabetic pa-
tients (8). Type 2 diabetes was diagnosed
based on the criteria of the World Health
Organization (9). All subjects had in-
gested at least 150 g carbohydrate for the
3 days preceding the study. A total of 14
(67%) patients with microalbuminuria
and 23 (51%) patients with normoalbu-
minuria were taking sulfonylureas. The
rest were treated with diet alone. None
had received insulin therapy. Ten (48%)
patients with microalbuminuria and 15
(33%) patients with normoalbuminuria
were treated with antihypertensive drugs.
Four (19%) patients with microalbumin-
uria and seven (16%) patients with nor-
moalbuminuria were treated with lipid-
lowering agents. There was no significant
difference in sex and medication status
between the patients with microalbumin-
uria and those with normoalbuminuria.
They did not consume alcohol or perform
heavy exercise for at least 1 week before
the study.

Blood was drawn on the morning af-
ter a 12-h fast. Plasma glucose was mea-
sured with the glucose oxidase method.
Total, HDL, and LDL cholesterol, triglyc-
erides, remnant-like particle cholesterol
(RLP-C), and NEFAs were also measured.
The LDL cholesterol level was calculated
using the Friedewald formula (10).
RLP-C level was measured by the method
reported by Nakajima et al. (11). Serum
NEFAs were measured in duplicate using
the enzymatic method (NEFA HR kit;
Wako Chemicals, Osaka, Japan), and the
mean of the two values was used (2). The
coefficient of variation for NEFAs was 2%.

Urinary albumin concentration was
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assessed in a morning spot urine sample
using the single radial immunodiffusion
method (12). Urinary albumin concentra-
tion was measured in duplicate, and the
mean of the two values was used for the
study. Intra- and interassay coefficients of
variations were �6% (Alb-Tia Seiken;
Denka-Seiken, Tokyo, Japan). Several re-
ports have indicated that early morning
spot urine is usually sufficient for detect-
ing the presence of microalbuminuria
(13,14). In the present study, we calcu-
lated urinary albumin excretion rate as a
ratio of urinary albumin and urinary cre-
atinine, a ratio that markedly enhances
the accuracy of the single spot urine sam-
ple in the assessment of microalbumin-
uria (15). Microalbumiuria was defined as
a urinary albumin concentration �30 but
�300 mg/g creatinine. Normoalbumin-
uria was defined as urinary albumin con-
centration �30 mg/g creatinine.

The statistical analysis was performed
with the StatView 5.0 system (Statview,
Berkeley, CA). The differences of mean
were determined by Student’s t test. Data
were expressed as the means � SEM.

The clinical characteristics and profile
between the patients with microalbumin-
uria (n � 21) and normoalbuminuria
(n � 45) were compared. Urinary albu-
min concentrations in the patients with
microalbuminuria and normoalbumin-
uria were 89 � 12 mg/g creatinine (range
44–236) and 5 � 1 (range 0.1–17.0), re-
spectively. No significant difference was
observed in age (64.2 � 2.2 vs. 61.8 �
1.0 years, P � 0.127), BMI (22.7 � 0.4 vs.
22.8 � 0.3 kg/m2, P � 0.481), or systolic
(128 � 2 vs. 126 � 2 mmHg, P � 0.288)
and diastolic (73 � 2 vs. 73 � 1 mmHg,
P � 0.448) blood pressure between the
two groups. Fasting glucose (154 � 7 vs.
143 � 5 mg/dl, P � 0.109) and HbA1c
(7.5 � 0.2 vs. 7.0 � 0.2%, P � 0.066)
levels were higher in patients with mi-
croalbuminuria than in those with nor-
moalbuminuria, but the difference was
not statistically significant. The patients
with microalbuminuria had higher tri-
glycerides (127 � 13 vs. 110 � 5 mg/dl,
P � 0.066) and higher RLP-C (5.3 � 0.5
vs. 4.9 � 0.2 mg/dl, P � 0.208) concen-
trations than those with normoalbumin-
uria, but the difference was not statistically
significant. There was no significant dif-
ference in serum total (200 � 7 vs. 195 �
5 mg/dl, P � 0.290), HDL (51 � 3 vs.
50 � 2 mg/dl, P � 0.279), and LDL cho-
lesterol (124 � 4 vs. 124 � 6 mg/dl, P �

0.478) levels between the two groups. In
contrast, serum NEFAs were significantly
higher in patients with microalbuminuria
(0.64 � 0.05 mEq/l) than in those with
normoalbuminuria (0.51 � 0.02 mEq/l,
P � 0.002).

In the present study, we first con-
firmed the presence of elevated NEFAs in
nonobese Japanese type 2 diabetic pa-
tients with microalbuminuria. Microalbu-
minuria has been shown to be not only an
indicator of incipient nephropathy, but
also a risk marker for early mortality, es-
pecially in type 2 diabetes, due to cardio-
vascular diseases.

Although the mechanisms underlying
the relat ion between NEFAs and
microalbuminuria are unclear, serum
NEFAs seem to be associated with early
atherosclerotic changes in nonobese Jap-
anese type 2 diabetic patients. Using high-
resolution B-mode ultrasound scan, we
very recently demonstrated that serum
NEFAs are independently associated with
carotid atherosclerosis in nonobese, non-
hypertensive, well-controlled (mean
HbA1c 7.0%), unique type 2 diabetic pa-
tients (2). Interestingly, the degree of ca-
rotid stenosis was 8.1 � 2.1%, suggesting
that serum NEFAs are associated with the
very early stages of carotid atherosclero-
sis. Microalbuminuria is also considered
to be a risk marker for the early events in
athrosclerosis. Thus, it may be hypothe-
sized that serum NEFA level is reflective
of the early stage of atherosclerosis in
nonobese Japanese type 2 diabetic patients.

The mechanism by which serum NEFAs
are associated with atherosclerosis in
nonobese Japanese type 2 diabetic pa-
tients is unclear. In this respect, the recent
report of Michaud et al. (3) that fatty acids
enhance macrophage LPL production is
very interesting. LPL secreted from mac-
rophage is known to contribute to the
development and progression of athero-
sclerosis (4). Alternatively, serum NEFAs
might cause atherosclerosis by stimulat-
ing a coagulation cascade sequence. Di-
disheim et al. (16) previously showed that
saturated long-chain fatty acids activate
Hageman factor (factor XII). Hageman
factor initiates the cascade sequence of
enzymatic reactions, culminating in the
production of thrombin and the conver-
sion of fibrinogen to fibrin. Thrombin
also induces an increase in fibrinogen bio-
synthesis. Pilgeram and Pickart (17) have
shown that free fatty acids (FFAs) stimu-
late the rate of biosynthesis of fibrinogen

in vitro. Schneider et al. (18) demon-
strated that FFAs had synergistic effects
on the insulin-stimulated increase in plas-
minogen activator inhibitor-1 (PAI-1) in
the blood of type 2 diabetic patients. En-
hanced coagulation cascade sequence in
conjunction with decreased fibrinolytic
capacity due to overexpression of PAI-1
might explain the reason why serum
NEFA level is associated with the early
stage of atherosclerosis and microalbu-
minuria in nonobese Japanese type 2 dia-
betic patients.

In summary, we first demonstrated
that serum NEFAs are increased in non-
obese Japanese type 2 diabetic patients
with microalbuminuria. Further study
should be undertaken to clarify whether
serum NEFAs are reflective of the early
stages of atherosclerosis, including mi-
croalbuminuria, in nonobese Japanese
type 2 diabetic patients.
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Insulin Therapy Does
Not Itself Induce
Weight Gain in
Patients With Type 2
Diabetes

O f obese individuals who lose weight
by dieting, �90% eventually return
to their original weight; one- to

two-thirds of the lost weight is regained
within 1 year, and almost all is regained
within 5 years. This suggests that body
weight is physiologically controlled and
that weight changes, in either direction,
elicit a potent counter response that re-
sists the change (1). This should also hold
true when weight loss is attributable to
high blood glucose levels and/or insulin
deficiency. Insulin is often first prescribed
to type 2 diabetic patients after a period of
poor metabolic control by oral agents; this
period may be accompanied by weight
loss due to insulin deficiency and/or the
poor metabolic control itself. We postu-
lated that the weight gain observed during
insulin therapy in patients with type 2
diabetes may simply correspond to re-
expression of their physiologically con-
trolled body weight. We tested the
hypothesis that insulin-treated type 2 di-
abetic patients might return to the previ-
ous maximal weight they reached before
the onset of diabetes- and insulin defi-
ciency–induced weight loss.

We conducted a retrospective cohort

study of 58 patients with type 2 diabetes
who required insulin because of poor
metabolic control, despite dietary mea-
sures and maximal-dose oral agents (e.g.,
glibenclamide 15 mg/day and metformin
1,700 mg/day). Insulin-treated type 2 di-
abetic patients were included in the study
if they met the following criteria: 1) diag-
nosis of diabetes after 30 years of age
(such patients were excluded if they had a
family history suggestive of maturity-
onset diabetes of the young, known islet
autoimmunity, or diabetes secondary to
endocrine or chronic pancreatic disease),
2) an interval of at least 1 year between
diagnosis and insulin therapy, 3) maximal
previous lifetime weight mentioned in the
file, 4) at least 2 years of follow-up after
the beginning of insulin therapy, 5) no
use of oral antidiabetic drugs after insulin
introduction, and 6) no cancer or other
progressive chronic disease and a serum
creatinine level �150 �mol/l.

As HbA1c levels increased during fol-
low-up, the best metabolic control ob-
tained with insulin was expressed as the
lowest HbA1c value recorded during fol-
low-up (at 6 months or 1, 2, or 3 years
after insulin introduction). In the same
way, the maximal daily insulin dose was
the highest value recorded at 6 months or
1, 2, or 3 years.

There were 25 women and 33 men.
Age at diagnosis was 52 � 9 years and age
at insulin introduction was 65 � 9 years.
BMI at diagnosis was 29.3 � 5.6 kg/m2,
and the HbA1c level at insulin introduc-
tion was 10.9 � 1.8% (median 10.6%). A
total of 11, 42, and 5 patients required 1,
2, and 3 daily insulin injections, respec-
tively, at the end of follow-up. Follow-up
after insulin introduction was 2 years in
10 patients and 3 years in 48 patients.

The HbA1c level fell from 10.9 �
1.8% at insulin introduction to 8.2 �
1.8% at 6 months. It then increased at 1
year and subsequently stabilized (8.9 �
2.1, 8.9 � 1.5, and 8.3 � 1.8% at 1, 2,
and 3 years, respectively). The minimal
HbA1c level during follow-up was 7.5 �
1.2%. The initial daily insulin dose was
0.6 � 0.3 units � kg�1 � day�1, and re-
quirements remained stable during fol-
low-up (0.5 � 0.2, 0.5 � 0.2, 0.5 � 0.2,
and 0.6 � 0.2 units � kg�1 � day�1 at 6
months and 1, 2, and 3 years, respective-
ly). The maximal daily insulin dose
reached during follow-up was 0.7 � 0.3
units � kg�1 � day�1.

In 71% of patients, weight at diagno-
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sis was below the maximal previous
weight. Mean weight at diagnosis (80.0 �
16.6 kg) was 6.1 � 6.8 kg below the pre-
vious maximal weight (86.0 � 17.0 kg)
(t � �6.8, P � 10�4). All of the patients
lost weight between diagnosis and insulin
introduction. Weight at insulin introduc-
tion (73.8 � 13.5 kg) was 6.2 � 9.7 kg
below weight at diagnosis (t � �4.8, P �
10�4) (Fig. 1).

Patients gained 8.0 � 5.3 kg during
the first 2 years of insulin therapy (t �
11.1, P � 10�6) as follows: 5.0 � 4.6 kg
during the first 6 months, 1.3 � 3.1 kg
between 6 months and 1 year, and 1.3 �
3.0 kg during the second year. Weight
stabilized during the third year (	0.15 �
3.1 kg, t � 0.3, P � 0.74). Maximal
weight during insulin therapy remained
2.6 � 7.8 kg below maximal weight be-
fore insulin therapy (t � 2.6, P � 0.012)
(Fig. 1) but was higher than weight at di-
agnosis (t � �2.94, P � 0.005). Maximal
weight during insulin therapy correlated
strongly with maximal weight before in-
sulin: maximal weight during insulin �

0.96 
 maximal weight before (95% CI
0.94–0.98, t � 13, P � 10�6, adjusted R2

99.2%). Weight gain correlated with the
maximal daily insulin dose (Student’s t
test � 2.86, P � 0.03, adjusted R2 �
6.6%) but not with metabolic control in
terms of the minimal HbA1c level (Stu-
dent’s t test � 1.62, P � 0.10, adjusted
R2 � 4.4%).

In this cohort, weight loss had already
started at the time of diagnosis and con-
tinued until insulin was introduced. The
weight patients reached after the intro-
duction of insulin was highly correlated
with their maximal weight before diabe-
tes. Onset of weight loss before the di-
agnosis of diabetes has rarely been
observed, even in obese type 2 diabetic
patients and even though type 2 diabetes
may remain undiagnosed for as long as
9–12 years (2). Long-term studies of in-
sulin-treated patients with type 2 diabetes
suggest that the weight such patients
reach is asymptotic, and that most weight
gain occurs during the first 3 years (3–5).
The results of the University Group Dia-

betes Program (6) were unusual because
the patients treated with insulin did not
gain weight. In that study, the patients in
the placebo group lost weight.

Our results need to be confirmed in a
prospective study of early insulin intro-
duction, i.e., before onset of weight loss,
in patients with type 2 diabetes. Unfortu-
nately, such a study may prove difficult,
as half the weight loss in our population
occurred before the diagnosis of diabetes.
Our results have important practical im-
plications, as they suggest that maximal
previous weight may be predictive of the
degree of subsequent weight gain.
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Figure 1—Weight changes in 58 insulin-treated type 2 diabetic patients. f, Weight before insulin
therapy; �, weight during insulin therapy; p, maximal weight reached during insulin therapy.
*P � 0.01; **P � 10�4.
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