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Twenty-Four Hour
Action of Insulin
Glargine (Lantus)
May Be too Short for
Once-Daily Dosing: A
case report

T

he insulin analog insulin glargine
has a pharmacodynamic profile described as peakless and of longer duration than human NPH insulin (1). This
allows for convenient once-daily dosing
for coverage of basal insulin needs. We
recently had the opportunity to examine
whether this is the case in the following
patient.
T.L. is a 53-year-old man with a history of type 1 diabetes for the past 16
years. Before hospitalization, he had a history of widely variable blood glucose levels, from 50 to 400 mg/dl, while using a
4-injection regimen of premeal insulin lispro and ultralente at dinner. He has no
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T

he provision of diabetes care has
shifted from the specialist to the
generalist in primary care practice.
Evidence suggests utilization of nonphysician providers in conjunction with physician-directed protocols improves
glycemic control (1). The purpose of this
study was to evaluate the impact of a
pharmacist-managed diabetes clinic
(PMC) on glycemic control and adherence to American Diabetes Association
(ADA) standards of medical care in a collaborative physician-pharmacist practice.
This was a retrospective analysis comparing patients referred to the PMC for diabetes management with a randomly
selected group of patients with diabetes,
managed exclusively by their primary
care physicians. Only patients with a minimum of 3 months of laboratory data and
two visits to the pharmacist or physicians
were included.
Pharmacist-managed clinic patients
(16 women, 12 men) were 51.8 ⫾ 14.7
years of age and had a BMI of 35.4 ⫾ 9.2
kg/m 2 (mean ⫾ SD). The physicianmanaged group (16 women, 13 men)
were 56.4 ⫾ 13.8 years of age and had a
BMI of 33.5 ⫾ 9.2 kg/m2. Over 90% of
patients in each group were AfricanAmerican and had type 2 diabetes. Average duration of diabetes was not significantly different between groups.
Baseline HbA1c values were significantly higher in PMC patients compared
with the physician-managed group
(10.3 ⫾ 2.1 vs. 8.2 ⫾ 2.8%, respectively;
P ⫽ 0.008). The PMC patients had significant improvements in glycemic control;
HbA1c levels decreased from 10.3 ⫾ 2.1
to 7.9 ⫾ 1.8% (P ⬍ 0.0001) and RPG
concentrations from 12.94 ⫾ 5.80 to
8.09 ⫾ 3.10 mmol/l (P ⫽ 0.002). Patients
in the physician-managed group had

nonsignificant reductions in HbA1c levels
(8.2 ⫾ 2.8 to 6.8 ⫾ 1.8%, P ⫽ 0.065) and
RPG concentrations (11.88 ⫾ 4.40 to
10.44 ⫾ 4.73 mmol/l; P ⫽ 0.49). More
PMC patients were placed on aggressive
combination antihyperglycemic medications compared with the physicianmanaged group (61 vs. 21%; P ⫽ 0.003).
Blood pressure, body weight, and lipid
parameters did not change significantly
within or between groups.
Adherence to ADA guidelines was significantly greater in PMC patients compared with patients managed by their
physicians. HbA1c measurements were
obtained in 85.7 and 62.1% (P ⫽ 0.04),
albumin-to-creatinine determinations in
89.3 and 35.7% (P ⫽ 0.0001), FLP assessment in 92.9 and 65.5% (P ⫽ 0.021),
and foot examination 82.1 and 6.9% (P ⫽
0.0001) of patients in PMC compared
with physician-managed group, respectively. Referrals for dietary instruction,
podiatry care, and evaluation of diabetic
retinopathy were made significantly more
often in PMC compared with physicianmanaged patients, (57.1 vs. 10.3%, P ⫽
0.02; 85.7 vs. 34.4%, P ⫽ 0.0001; and
85.7 vs. 55.2%, P ⫽ 0.02, respectively).
Rates for aspirin use and annual influenza
vaccinations were similar between groups.
In agreement with previous studies,
pharmacist-managed diabetes programs
have been shown to improve glycemic
control (2,3). This is the first study to
evaluate guideline adherence in a PMC.
Compliance with these guidelines in primary care practices is reportedly suboptimal (4). Adherence rates in this study are
superior to those reported in primary care
practices and similar to those described in
multidisciplinary programs (1,4). Adherence to guidelines and provision of quality healthcare require continuous longterm education and monitoring of
patients. An environment in which a physician-extender is continuously working
with a physician on site can provide this
type of care. Further studies should examine the cost-effectiveness of collaborative
physician-pharmacist practice models.
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(mean glucose 226 ⫾ 37 vs. 132 ⫾ 27
mg/dl, respectively, P ⬍ 0.005 by twotailed t test). This data point represents
1-h postdosing, or 25 h after receiving the
previous dose.
The data suggest that, in this patient,
insulin glargine has a 24-h action profile.
However, the slow onset of action for the
subsequent nighttime dose may have produced a window of relative insulinopenia,
resulting in higher blood glucose levels at
night. This problem was corrected by giving glargine as a split dose every 12 h. We
suggest that for patients receiving a constant inflow of carbohydrates, once-daily
dosing of insulin glargine may not provide effective 24-h coverage. In addition,
the present case underscores the need to
provide intravenous dextrose to glarginetreated patients receiving continuous enteral feeding in the event that the enteral
feeding is discontinued. We suggest that
more studies are needed to determine
whether once-daily dosing of insulin
glargine provides effective basal insulin coverage for all insulinopenic patients in various clinical settings or whether a subset of
patients may require twice-daily dosing.
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C-Reactive Protein
and Insulin
Resistance in
Subjects With
Thalassemia Minor
and a Family History
of Diabetes

I

nsulin resistance is common in hemoglobinopathy including thalassemias.
Excessive iron deposition in the liver is
associated with a high prevalence of glu-

cose intolerance in patients with hemoglobinopathy requiring repeated blood
transfusion (1). In Hong Kong, up to
8.5% of pregnant women have thalassemia trait (2), which is a minor form of
thalassemia and does not require blood
transfusion. Furthermore, nearly 50% of
patients with type 2 diabetes ⬍35 years of
age have a family history of diabetes (3).
Both conditions share the common feature of insulin resistance. We postulate
that there may be a clustering of these
disorders in susceptible individuals. We
therefore conducted a case-control study
of subjects with normal glucose tolerance
to examine the relationship among thalassemias, liver function tests, and index of
insulin sensitivity (homeostasis model assessment of insulin resistance
[HOMAIR]).
From a cohort of 835 siblings of
young-onset type 2 diabetic patients, 17
normal glucose-tolerant subjects with
thalassemia minor and a family history of
diabetes were identified. Age-, sex-, and
BMI-matched normal glucose-tolerant individuals without thalassemia from the
same cohort were selected for comparison. Plasma glucose and serum insulin
during the oral glucose tolerance test
(OGTT), high sensitive C-reactive protein
(hsCRP), plasma lipid concentrations,
and indexes of liver function, as well as
anthropometric parameters, were measured.
Normal glucose-tolerant individuals
with thalassemia minor had higher fasting
insulin concentrations (49 [31– 65] vs. 29
[20 – 41] pmol/l, P ⫽ 0.003; geometric
mean [interquartile range]) and lower
HDL cholesterol (1.15 ⫾ 0.31 vs. 1.42 ⫾
0.39, P ⫽ 0.03) than control subjects.
Thalassemia minor subjects were more
insulin resistant (HOMAIR: 10.6 [6.3–
14.6] vs. 6.1 [4.1–9.1], P ⫽ 0.004), had
an exaggerated insulin response during
the OGTT (insulin area under the curve at
120 min: 52,496 [34,670 –91,468] vs.
26,275 [21,377–35,793] pmol 䡠 l⫺1 䡠
min⫺1, P ⫽ 0.007), and higher hsCRP
levels (1.06 [0.60 –2.25] vs. 0.44 [0.20 –
0.83] mg/l, P ⫽ 0.009) compared with
subjects without thalassemia. HOMAIR
correlated with ␥-glutamyl transpeptidase (r ⫽ 0.595, P ⬍ 0.001) and alanine
aminotransferase (r ⫽ 0.536, P ⫽ 0.026)
in subjects with thalassemia minor only.
Individuals with thalassemia minor
had insulin resistance, increased inflammatory marker, and low HDL cholesterol
DIABETES CARE, VOLUME 25, NUMBER 8, AUGUST 2002
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known diabetic complications. Before admission, he had a history of heavy ethanol
abuse, with a daily intake of 48 –72 oz
wine or beer per day. On the day of admission, the patient developed left arm
weakness and progressive loss of consciousness. A computed tomography scan
revealed a massive intracerebral bleed.
Admission laboratory data revealed glucose of 292 mg/dl, a bicarbonate of 15
mEq/l, an anion gap of 18, trace urine
ketones, and a blood pH of 7.34. After
treatment of compensated diabetic ketoacidosis, the patient was maintained on
an intravenous insulin infusion between 1
and 2 units/h. On the fifth hospital day,
enteral feedings via a feeding tube were
initiated. The enteral formula provided 2
kcal/ml, with a composition consisting of
43% carbohydrate, 17% protein, and
40% fat. The feeding rate was successfully
increased and maintained at 35 ml (70
calories) per hour without residual stomach accumulation. Total nutrition intake
was 1,680 kcal/day. On the sixth hospital
day, the patient was given a 30-unit dose
of insulin glargine at 9:00 P.M. and was
weaned off of the insulin infusion over the
next 4 h. For the next 11 days, the patient
continued to receive continuous enteral
feeding. He remained on respiratory support and received no other calories by either oral or parenteral route. From day 6
to day 12, he received insulin glargine as a
single dose, given at 9:00 P.M. In addition
to basal insulin coverage, as described
above, glucose excursions ⬎200 mg/dl
were treated with supplemental subcutaneous lispro insulin. Marked hyperglycemia was noted at 10:00 P.M. after this
single-dose regimen and required supplemental lispro insulin coverage on 4 of the
6 days. For purposes of comparison, days
7–12 are defined as period 1. For days
13–18, or period 2, the glargine dose was
converted to a split dose given at 9:00 A.M
and 9:00 P.M. On day 13, the patient’s enteral tube feeding was electively discontinued from 11:00 A.M to 2:00 P.M. for a
procedure. At 2:00 P.M., hypoglycemia
occurred (blood glucose 41 mg/dl). Two
subsequent glargine doses were held and
then restarted at 10 units every 12 h. The
mean glucose levels were not significantly
different between the two treatment periods during time points 2:00 A.M, 6:00 A.M,
10:00 A.M, 2:00 P.M., and 6:00 P.M. However, the mean glucose level was significantly higher at 10:00 P.M. during period
1 than at 10:00 P.M. during period 2
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GAD65 Antibody
Epitope Patterns of
Type 1.5 Diabetic
Patients Are
Consistent With
Slow-Onset
Autoimmune
Diabetes

T

ype 1.5 diabetes (1) is characterized
by rapid loss of ␤-cell function, failure of oral agents, and acquirement
of insulin requirement (2,3). These patients have islet cell antibodies (ICAs),
GAD65 autoantibodies (GAD65Abs) (4 –
6), or both, indicating an underlying autoimmune pathogenesis. Therefore, the
question of whether type 1.5 diabetes represents a separate clinical disease or a
slowly progressive form of type 1 diabetes
has been raised (7,8). The aim of the
present study was to investigate whether
GAD65Ab epitopes in type 1.5 diabetic
patients differ from those found in type 1
diabetic patients and other GAD65Abpositive phenotypes.

Type 1.5 diabetic patients (n ⫽ 34)
were identified as GAD65Ab-positive
type 2 diabetic patients as part of a screening program in the greater Seattle area.
The patients were classified with type 2
diabetes according to the 1997 ADA criteria (9) and had to meet all of the following criteria: 1) age ⱖ30 years at diagnosis
of diabetes, 2) no history of ketonuria or
ketoacidosis, and 3) not requiring insulin
treatment at diagnosis. All patients had
been diagnosed with diabetes within 12
months of blood sampling. The
GAD65Ab epitope pattern was compared
with the following three groups of
GAD65Ab-positive subjects described in
detail elsewhere (10,11), all of whom
were reanalyzed for the present investigation: type 1 diabetic patients (n ⫽ 200),
first-degree relatives (n ⫽ 41), and
healthy subjects (n ⫽ 28). The studies
were approved by the Ethics Committee
of the Karolinska Institute, Stockholm,
Sweden; the Umeå University, Sweden;
and the University of Washington Human
Subjects Committee. All individuals gave
their informed consent to participate in
the study.
The GAD65Ab epitope pattern in the
four groups of GAD65Ab-positive subjects was analyzed by a previously described radioimmunoassay (12,13) using
recombinant 35S-GAD65/67 fusion proteins. Human GAD65, rat GAD67, and
fusion GAD cDNA molecules N-, M⫹C,
M, and C used in the present study were
described previously (11,14,15).
The NH2-terminus of GAD65 was
recognized by 20% (7 of 34) of the type
1.5 diabetic patients compared with 5%
(10 of 200) in type 1 diabetic patients
(P ⫽ 0.03). No significant difference in
binding was observed compared with
healthy individuals (11%, 4 of 41) and
first-degree relatives (12%, 3 of 28).
These data suggested that GAD65Ab reacting with the NH2-terminal epitope
were common in these patients. As previously reported (11), the highest frequency of samples with GAD65Ab
binding only to the M-, C-, and/or M⫹C
fusion protein was found in type 1 diabetic patients (90%), whereas first-degree
relatives (67%; P ⫽ 0.0016), healthy individuals (75%; P ⫽ 0.02), and type 1.5
diabetic patients (65%; P ⫽ 0.0003)
showed significantly lower frequencies of
GAD65Ab specific to those parts of
GAD65.
We conclude that GAD65Ab binding
1481
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levels. Normal glucose tolerance was
maintained in these individuals by hypersecretion of insulin. The fasting hyperinsulinemia and exaggerated insulin
response during the OGTT imply that
both the liver and muscle are resistant to
insulin action. The strong correlation between hepatic enzymes and HOMAIR as
well as elevated hsCRP in subjects with
thalassemia suggests that low-grade hepatic inflammation is closely correlated
with insulin resistance. An increased iron
turnover from low-grade hemolysis of microcytic erythrocytes may lead to hepatic
damage and increased oxidative stress,
both of which can contribute to insulin
resistance (4). Intriguingly, hepatic iron
overload is associated with some features
of the metabolic syndrome (5). Our results suggest that the burden of thalassemia minor on glucose homeostasis cannot
be fully explained by overweight or a family history of diabetes. We propose that
the presence of thalassemia minor may
have a direct effect on glucose homeostasis in individuals with a positive family
history of diabetes, although the exact
mechanism requires further exploration.
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to the NH2-terminus of GAD65 or to
GAD67, as observed in our group of
GAD65Ab-positive type 1.5 diabetic patients, is rarely found in early-onset type 1
diabetic patients. This difference in the
binding pattern of GAD65Ab of type 1.5
diabetic patients compared with that of
type 1 diabetic patients supports the notion that the disease process may differ
between these two types of patients.
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A Case of Fulminant
Type 1 Diabetes
With Strong
Evidence of
Autoimmunity

W

e have recently reported (1) that
T-cell autoimmunity may be involved in so-called “fulminant”
type 1 diabetes (characterized by diabetic
ketoacidosis [DKA], low HbA1c level at
onset, insulin deficiency, and negative islet-associated autoantibodies), which was
originally proposed as a novel subtype of
type 1B diabetes (2). In our previous report (1), we found a high serum level of
interferon-inducible protein-10 (IP-10),
an important chemokine inducing migration of activated T-cells to local lesions
(3), and GAD-reactive CD4⫹ cells in the
periphery of a patient, even though no
islet-associated antibody was detected.
Here, we report another case of fulminant type 1 diabetes, a 48-year-old man
who was proven to have not only a high
serum IP-10 level and GAD-reactive
CD4⫹ cells in the periphery but also a
high anti-GAD antibody level 1 year after
the onset of diabetes, even though no islet-associated autoantibody was detected
at onset. The patient developed fatigue,
fever (38.5–39.5°C), and abdominal discomfort 2 weeks before being seen at our
hospital. Because he subsequently developed thirst, polyuria, and weight loss
(8-kg reduction in 10 days), he presented
at our hospital. Based on the presence of
DKA (blood glucose level of 728 mg/dl,
marked ketonuria [4⫹], pH 7.282), relatively low HbA1c level (7.3%) at onset,
absence of GAD 65 antibody (detection
limit ⬍0.4 units/ml; 100% sensitivity and
100% specificity of the assay in the GAD
antibody proficiency test [Immunology of
Diabetes Workshop], lab ID no. 305),
IA-2 antibody (detection limit ⬍0.75
units/ml; M. Powell, S. Chen, H. Tanaka,
M. Masuda, C. Beer, B. Rees Smith, J.
Farmaniak, unpublished observations),
islet cell antibody and insulin autoantiDIABETES CARE, VOLUME 25, NUMBER 8, AUGUST 2002
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Werner Syndrome
in a Korean Man

A

34-year-old Korean man living in
Tokyo was referred to us in January
1999 for control of his diabetes during cataract surgery. He told us that both
disorders had first appeared when he was
22, along with hyperlipidemia. He had
acute pancreatitis at 24, and acute appendicitis with peritonitis at 27. He was admitted to a hospital in 1998 for ileus. He
has three siblings, the youngest of whom,
a sister, had cataracts at 22, and her hair
was streaked with gray. His father was diabetic and died at 52 from liver cancer.
His mother has angina pectoris—she is
58. His father was from Masan and his

mother from Pusan, both cities in southern Korea. They were not related and no
relatives were known to have a medical
disorder similar to that of our patient. Inclusion of Japanese ancestry was denied at
least over several generations.
A physical examination showed that
our patient’s height was 162.8 cm, and
body weight was 54.8 kg. His hair was
gray and he had sclerotic skin, a highpitched voice, and bilateral cataracts. He
said he had erectile dysfunction.
His fasting plasma glucose level was
5.4 mmol/l and HbA1c level was 6.2%.
Total cholesterol level was 7.24 mmol/l
and triglyceride level was 12.0 mmol/l.
Liver chemistry and abdominal echogram
showed a fatty liver. Gastrointestinal endoscopy was done because of epigastric
pain, indicating a superficial gastritis.
Electrocardiogram with double Master
load revealed a normal exercise tolerance.
He was suspected of having Werner syndrome based on his premature aging phenotypes and his family history.
Gene analysis was done after obtaining informed consent, but the three major
mutations (mutations 1, 4, and 6), which
account for ⬃90% of Japanese patients
with Werner syndrome, were not detected (1). However, Western blot analysis using the patient’s transformed
lymphocytes revealed a defect in the production of WRN RecQ helicase, the WRN
gene product (2). This indicated the possibility of the truncated protein derived
from the mutated WRN gene.
Of the cases of Werner syndrome
worldwide, 75% are found in Japanese
patients (3). Interestingly, there have
been no Koreans reported in the Japanese
registry, which is a list of ⬃1,000 patients
with Werner syndrome, in spite of the racial and geographical adjacency to Japan.
The rarity of Werner syndrome in Korean
individuals might be partially explained
by the small amount of consanguineous
marriages influenced by traditional Confucianism. Also, the major WRN gene
mutations found in Japanese patients may
have arisen after they separated from their
common ancestry with Koreans. This Korean patient may be a solitary case.
However, the genetic difference in
this case from those reported and studied
in Japan contributes to the understanding
of the disease, as such differences have in
studies of the syndrome’s subtypes in
Caucasians.
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body, low serum C-peptide level (0.4
ng/ml at 6 min after intravenous injection
of 1 mg glucagon) and 24-h urine Cpeptide level (⬍3.0 g/day), he was diagnosed as having fulminant type 1 diabetes, and intensive insulin therapy was
started (total 50 units/day at discharge).
Regarding HLA typing, A24, which is
considered to be related to total ␤-cell destruction (4), was detected (other HLA
types: A26, B54, B60, Cw1, Cw4, and
DR4). Moreover, a high level of serum IP-10
(285 pg/ml, mean 38.2 pg/ml in healthy
subjects) was observed, and GAD-reactive
␥-interferon–producing CD4⫹ cells were
detected in peripheral blood (10 of 50,000
CD4⫹ cells). Thereafter, the titer of serum
GAD 65 antibody was followed, and a significant increase was found (1.7 units/ml at
1 month, 39.4 units/ml at 12 months, and
48.9 units/ml at 18 months after the onset of
diabetes), indicating that autoimmunity
was definitely involved. The HbA1c level of
this patient is now controlled at 7.2% by 49
units/day insulin, although his serum Cpeptide level is below the detectable limit
(⬍0.2 ng/ml).
Although it has previously been reported that ⬃15% of cases of “classical”
type 1 diabetes without islet-associated
autoantibody had become positive for islet-associated autoantibody at 1 year after
the onset of diabetes (5), it is unknown
whether cases of so-called “fulminant”
type 1 diabetes, which was originally reported as nonautoimmune type (no isletassociated autoantibody at onset of
diabetes) (2), also later become positive
for islet-associated autoantibody. This
case of fulminant type 1 diabetes showed
not only cellular immunity against islets
but also clear “seroconversion” of GAD 65
antibody during the disease course.
Therefore, we propose that fulminant
type 1 diabetes should not be diagnosed
as idiopathic type simply as a result of
islet-associated autoantibody negativity at
onset. Careful periodic measurement of
islet-associated autoantibodies such as
GAD 65 autoantibody should be performed in fulminant type 1 diabetes as
well as assessment of cellular immunity
against islet-associated antigen for proper
classification of type 1 diabetes.
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Obesity Is a Critical
Risk Factor for
Worsening of
Glucose Tolerance in
a Family With the
Mutant Insulin
Receptor

I

t is generally accepted that insulin resistance precedes the development of
type 2 diabetes, but the precise mechanism that links insulin resistance to overt
diabetes is not well understood. Genetic
defects of the insulin receptor, although
the prevalence is low, are regarded as one
of the specific causes of diabetes (1).
However, few studies have reported longterm observations of subjects with the insulin receptor mutation (2). Here, we
describe a family with the abnormal insu1484

36 years of age, he had developed overt
diabetes, with BMI 30.0 kg/m2, and was
treated with oral hypoglycemic agents.
Her younger brother’s fasting insulin was
as high as 396 and 144 pmol/l at 12 and
20 years of age, respectively, but he was
not available for follow-up.
The glucose tolerance of the lean proband remained normal during the 20year observation period, and insulin
resistance seemed to be rather ameliorated. In contrast, all the other family
members with the same insulin receptor
mutation who developed diabetes were
obese. Thus, obesity appears to be required to develop overt diabetes for the
family members of the abnormal insulin
receptor. Because the diabetic members
had reduced capacity to secrete insulin
after oral glucose load, as estimated by the
low insulinogenic index, obesity may play
a pivotal role in the decompensation of
␤-cell function. Insufficient ␤-cell compensation for insulin resistance is generally considered to play an important role
in the development of diabetes (5). In particular, there are several lines of evidence
that ␤-cell dysfunction results from an increase in inherited insulin resistance (6,7)
and increased abdominal adiposity (8).
Obesity may increase the risk of diabetes
not only by simply increasing insulin resistance but also by causing ␤-cell dysfunction under certain circumstances.
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lin receptor who was followed-up for
⬃20 years.
The proband is a 34-year-old Japanese woman. At 16 years of age, she noticed acanthosis nigricans in her axillae
and groin. Her BMI was 19.0 kg/m2. Fasting glucose was normal, but fasting insulin concentration was as high as 240
pmol/l. Anti-insulin and anti–insulin receptor antibodies were negative. The
100-g oral glucose challenge revealed
normal glucose tolerance, with peak insulin level of 4,476 pmol/l. Intravenous administration of 0.1 units/kg regular
insulin only decreased her glucose level to
64% of the basal value. The number of
insulin receptors on her erythrocytes was
normal, and subsequent molecular analysis revealed the heterozygous deletion of
Leu999 in the ␤-subunit of the insulin receptor, resulting in the decrease in autophosphorylation stimulated by insulin
(3). Acanthosis nigricans began to fade
beginning at 18 years of age, and she bore
two children uneventfully. At 34 years of
age, she was still nonobese, with BMI 19.7
kg/m2. Fasting glucose was normal, although hypoglycemia of 2.39 mmol/l, together with cold sweat and palpitation,
was noted after lunch. Because prolonged
fasting of 24 h did not cause hypoglycemia, the diagnosis of reactive hypoglycemia was made. Fasting insulin
concentration was 128 pmol/l. Her oral
glucose tolerance was again normal, and
insulinogenic index, a marker of earlyphase insulin secretion (4), was as high as
9.8 (normal population values 0.7–1.3).
The intravenous insulin injection successfully decreased her glucose level to
42% of the basal value, with normal responses of counter-regulatory hormones.
The heterozygous deletion of Leu999
in the ␤-subunit of the insulin receptor
was also demonstrated in her mother and
elder and younger brothers (3). Her
mother was obese, with BMI 30.0 kg/m2,
and was diagnosed as having diabetes at
44 years of age. Her fasting insulin was as
high as 222 pmol/l. The insulinogenic index of 1.1 was within normal population
values but was regarded as decreased considering the underlying mutation. Her elder brother was normal glucose tolerant
at 18 years of age (BMI 23.0 kg/m2) but
became impaired glucose tolerant at 26
years of age (BMI 25.0 kg/m2). Fasting
insulin simultaneously increased from
216 to 366 pmol/l, while the insulinogenic index decreased from 8.5 to 1.6. At
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High Rate of
Helicobacter pylori
Re-Infection in
Patients Affected by
Type 1 Diabetes

P

atients affected by type 1 diabetes
appear to be more prone to infection
than healthy subjects (1).
Recently, it has been shown that Helicobacter pylori (H. pylori) infection is
common in type 1 diabetes (2) and that
the use of a standard antibiotic therapy
obtains a significantly lower eradication
rate than in non–insulin-dependent diabetic subjects (3,4). Our aim was to assess
the incidence of H. pylori re-infection after
a successful therapy in type 1 diabetic patients. A total of 74 subjects previously
infected by H. pylori were enrolled, including 34 type 1 diabetic subjects (16
women and 18 men, 42 ⫾ 9 years of age)
and 40 nondiabetic control subjects (17
DIABETES CARE, VOLUME 25, NUMBER 8, AUGUST 2002

women and 23 men, 44 ⫾ 8 years of age).
Control subjects were matched for age
and sex.
None of the type 1 diabetic patients
had symptoms of gastroparesis, and none
was treated with domperidone. All subjects previously treated for H. pylori infection and successfully eradicated, as
assessed both by 13C-urea breath test
(UBT) and histology (two biopsies in antrum, body, and fundus), were reevaluated with UBT 12 months after
eradication. Re-infected patients were
also submitted to endoscopy to confirm
the presence of the bacterium. Daily insulin requirement and HbA1c (percent total
hemoglobin) expressions of glycemic
metabolic control were evaluated.
We found a significantly higher incidence of H. pylori re-infection in type 1
diabetic patients compared with nondiabetic control subjects. In particular, 13 of
34 (38%) type 1 diabetic patients compared with 2 of 40 (5%) control subjects
were re-infected with H. pylori 1 year after
successful eradication (P ⬍ 0.001).
Among type 1 diabetic patients, reinfection occurrence was not affected by
sex, type 1 diabetes duration, or mean
age. No differences in baseline values of
daily insulin requirement and HbA1c
were observed between re-infected and
not-infected diabetic patients (43 ⫾ 8 vs.
38 ⫾ 9 units and 7 ⫾ 0.7 vs. 7 ⫾ 0.8%,
respectively). However, 12 months after
eradication, significantly higher insulin
requirement and HbA1c were observed in
re-infected patients compared with uninfected diabetic patients (43 ⫾ 8 vs. 35 ⫾
8 units, P ⬍ 0.05; and 7.25 ⫾ 1 vs. 6.8 ⫾
0.8%, P ⬍ 0.02). Interestingly, when
compared with the enrollment value, patients who remained uninfected by H. pylori after 12 months from eradication
showed a reduction trend of daily insulin
requirement (38 ⫾ 9 vs. 35 ⫾ 8 units, P ⬍
0.08).
This study shows that the incidence
of H. pylori recurrence 12 months after a
successful eradication is significantly
higher in type 1 diabetic subjects compared with control subjects. Some mechanism could be hypothesized for the
higher rate of re-infection observed in diabetic subjects, perhaps an increased susceptibility of the host to the infection as a
result of reduced lymphocyte activity and
neutrophil dysfunction with failure of
chemiotaxis.
Better metabolic control in diabetic

patients in whom H. pylori has been eradicated compared with re-infected subjects
was observed, suggesting a trend of ameliorated metabolic control after H. pylori
eradication. More studies are requested to
investigate the mechanisms underlying
the increased susceptibility of H. pylori reinfection in type 1 diabetic patients and
the role of the bacterium in glycemic control. Vaccine development seems to be
one possible effective long-term strategy
for this subset of patients.
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Cigarette Smoking
Affects
Tubulointerstitial
Lesions in Type 2
Diabetes

S

everal investigators have renewed
interest in the role of tubulointerstitial injury in the progression of diabetic nephropathy (1,2). It was recently

reported that the kidney is an important
target organ for damage caused by smoking (3,4). Cigarette smoking increases
carboxy-hemoglobin concentration,
platelet aggregability, and fibrinogen concentration, all of which may cause tissue
hypoxia and contribute to vascular damage. Smoking also has a direct deleterious
effect on the proximal tubule (5). Cigarette smoking is known to promote the
progression of diabetic nephropathy in
clinical study (6), but its effect on tubulointerstitial injury has not been established.
We evaluated glomerular and tubulointerstitial structural findings on renal
biopsy specimens taken from type 2 diabetic patients and determined the relationship between smoking and renal
architecture. A total of 48 patients (32
men and 16 women) with type 2 diabetes
underwent renal biopsy. Information on
smoking was obtained with a selfadministered questionnaire. Smoking index, defined as pack-years, was estimated
by multiplying the number of packs of
cigarettes smoked per day by the number
of years of smoking. The severity of glomerular lesions on biopsy specimen was
estimated by quantitative morphometric
studies using a color image processor
(SPICCA-II; Olympus, Tokyo) that measured glomerular area (GA) and mesangial ratio (MR). The MR was defined as the
ratio of periodic acid Schiff–positive area
to GA. The severity of glomerular lesions
was divided into three grades: G1, MR
⬍15%; G2, MR 15–25%; and G3, MR
⬎25%. The severity of tubulointerstitial
lesions (TILs) was also determined by a
semiquantitative estimate of the space occupied by infiltrate or fibrosis using the
following grading: T1, damaged area
⬍10%; T2, damaged area 10 –30%; and
T3, damaged area ⬎30%. Overall renal
injury was categorized as group 1 (minor
lesions; G1 and T1), group 2 (glomerular
diffuse lesions without TILs greater than
or equal to G2 and T1), and group 3
(mixed type; greater than or equal to G2
and T2). Additionally, the severity of arteriolopathy was graded on a 4-point
scale of 0 to 3⫹. A single reader evaluating the biopsies was unaware of patient
smoking status. This study was performed in accordance with the Helsinki
Declaration, and written informed consent was obtained from each participant.
A total of 15 (31%) patients were classified as group 1, 22 (46%) as group 2,
DIABETES CARE, VOLUME 25, NUMBER 8, AUGUST 2002
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here is little information on the diets
of African diabetic subjects (1), but
any nutritional recommendation
should be based on the patient’s eating
habits (2). In 1999, we investigated 59
diabetic outpatients (30 women and 29
men) at the Kilimanjaro Christian Medical Center in Moshi, Tanzania. Rural and
urban areas were represented by 25 and
34 patients, respectively. Six patients had
type 1 and 53 had type 2 diabetes. All
were assessed using a food-frequency
questionnaire.
The patients consumed plantains,
highly extracted maize flour (“sembe”),
white bread (wheat flour), and polished
rice. Major vegetables were amaranth
leaves, cabbage, spinach, and carrots.
Kidney beans, cow peas, soy beans, and
groundnuts were the main pulses, and orange, papaya, and banana the most reported fruits.
Unlike reports from other studies in
Tanzania (3,4), beef was remarkably often
consumed, followed by milk, fish and
eggs. Of our study population, 92% consumed milk regularly, and ⬎30% reported
to frequently include fish in their diet.
Commonly, fat intake is low in Tanzania: 12.5% of energy comes from fat as
reported by Mazengo et al. (3). However,
nearly all patients surveyed used oils or
fats for the preparation of meals—mostly
sunflower oil (⬎80%).
In Tanzania, the total intake of carbohydrates accounts for 74 –79% of energy
(3). The proportion of starchy foods in
meals can be reduced by increasing portion sizes of pulses, vegetables and fruits,
as the latter foods were usually consumed
in small amounts only. However, some
patients may have difficulty with the
small supply of pulses, vegetables, or
fruits. The portion of monounsaturated
fatty acids could be increased by including groundnuts and groundnut oil and by
replacing meat by fish.
Most patients had BMI ⬎25 kg/m2,
indicating energy intakes above the requirements. The first priority for diabetic
meal planning is to meet individual energy requirements and to balance the intake of carbohydrates with insulin

activity. Of the patients, 64% reported
consuming four to six meals, but the majority had less than five meals daily (68%).
Individual nutritional advice for meal
composition and timing seems to be necessary because of inflexible medical treatment. Weight reduction in overweight
and obese patients as well as an intake of
five to six meals at fixed times outline the
first steps to improve metabolic control
through nutrition in northern Tanzania.
But nutrition education needs sufficient
time for counseling and a sound knowledge basis.
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Diabetes and Air
Pollution

T

he prevalence of diabetes has risen
substantially in the past decade.
This increase has been linked to an
“epidemic” of obesity (1). However, environmental toxins, most notably dioxins,
have also been suggested as contributing
factors.
Because direct exposure data, in the
form of measured levels of toxicants in
blood, etc., are not yet available from
large populations, total air toxicants from
the most recent Toxics Release Inventory
(TRI) were used to evaluate the relationship between the prevalence of diabetes
and environmental toxicants.
Data from the 2000 Behavioral Risk
Factor Surveillance System (BRFSS) were
used to determine diabetes prevalence, by
state (1). These data are based on selfreports obtained from 184,450 randomly
dialed participants. State total air releases
for all industries from the 1999 TRI were
downloaded from the U.S. Environmental Protection Agency Web site (www.
epa.gov). The total prevalence of diabetes
in the 2000 BRFSS was 7.3 ⫾ 0.12%
(mean ⫾ SE)—a 49% increase from 1990
(1). Alaska had the lowest rate, 4.4%,
while Mississippi had the highest, 8.8%.
Race and educational level were important risk factors, with 11.1% of blacks and
12.9% of those with less than a high
school education reporting diabetes.

Total reported TRI air emissions in
1999 were 2,036,510,557 lbs. Ohio industries had the highest emissions,
147,395,113 lbs, while industries in Vermont released 153,161 lbs of toxicants.
Approximately 650 chemicals released by
a wide variety of industries are included
in the TRI. Since the reporting thresholds
are high (generally 10,000 lbs) and not
all industries are covered, substantial
amounts of toxic chemicals are released in
addition to those included in the TRI data.
Dioxins and persistent bioaccumulating
toxins will be included in future TRI data.
(TRI data for 2001 were released in May
2000.) The dioxin reporting threshold is
0.1 g (64 FR 58666). Reporting thresholds for other persistent bioaccumulating
toxins, such as pesticides, are set between
10 and100 lbs, depending on the chemical (64 FR 58666).
A linear regression analysis (Systat,
Evanston, IL) revealed a significant relationship between TRI air releases, by
states, and the prevalence of diabetes (r ⫽
0.54, P ⫽ 0.000057). Although there is a
large gap between air emissions and exposure, and even though the correlation
between air emissions and the prevalence
of diabetes does not prove a cause-andeffect relationship, the significance of the
relationship demands attention.
Several studies have suggested that
exposure to dioxins may be related to the
development of diabetes or altered insulin
metabolism (2– 4). Dioxins are formed
during the combustion of plastics, particularly in municipal and medical waste incinerators (5). Dioxins are concentrated
in body fat; thus, obese individuals are
likely to have an increased dioxin body
burden. While dioxins are among the
most toxic of all known chemicals, they
are not yet included in TRI data or the
Center for Disease Control’s National Report on Human Exposure to Environmental Chemicals.
I hope that this demonstration of a
highly significant correlation between the
prevalence of diabetes and the release of
toxicants into the air will stimulate additional research in this area and lead to
improvements in health.
ALAN H. LOCKWOOD, MD
From the Departments of Neurology and Nuclear
Medicine, VA Western New York Healthcare System
and University at Buffalo, Buffalo, New York.
Address correspondence to Dr. Alan Lockwood,
Center for PET (115P), VA WNY H5, 3495 Bailey
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and 11 (23%) as group 3. The mean duration of diabetes was significantly longer
in group 3 (14.2 ⫾ 6.6 years, P ⬍ 0.05)
and also tended to be longer in group 2
(9.8 ⫾ 5.6 years) than in group 1 (6.5 ⫾
3.7 years). Urinary protein excretion was
significantly higher in group 3 (1,881 ⫾
651 mg/day, P ⬍ 0.05) than in group 1
(536 ⫾ 128 mg/day) and group 2 (729 ⫾
214 mg/day). Creatinine clearance, calculated using the Cockcroft-Gault formula
(7), was significantly lower in group 3
(46 ⫾ 14 ml/min, P ⬍ 0.01) than in group
1 (86 ⫾ 24 ml/min) and group 2 (74 ⫾ 26
ml/min). The MR was significantly higher
in group 2 (21.8 ⫾ 2.5%, P ⬍ 0.01) and
group 3 (20.9 ⫾ 7.8%, P ⬍ 0.01) than in
group 1 (12.9 ⫾ 5.3%), and the severity
of TILs was significantly higher in group 3
(26.4 ⫾ 5.1%, P ⬍ 0.01) than in both
group 1 (7.3 ⫾ 2.3%) and group 2 (7.7 ⫾
5.5%). Scores of arteriolopathy were significantly higher in group 2 (1.82 ⫾ 1.01,
P ⬍ 0.05) and group 3 (2.17 ⫾ 0.83, P ⬍
0.01) than in group 1 (1.07 ⫾ 0.74).
Smoking index was significantly higher in
group 3 (29.6 ⫾ 6.6, P ⬍ 0.05) than in
both group 1 (16.8 ⫾ 3.9) and group 2
(18.1 ⫾ 4.5). Stepwise multiple regression analysis was used to identify independent factors of tubulointerstitial
findings among the following variables:
age, duration of diabetes, urinary protein
excretion, creatinine clearance values,
grades of arteriolopathy, and smoking index. Smoking index (␤ ⫽ 0.306, P ⫽
0.004), creatinine clearance (␤ ⫽
⫺0.376, P ⫽ 0.042), and arteriolopathy
(␤ ⫽ 0.340, P ⫽ 0.049) were independently associated with the severity of TILs
(R2 ⫽ 0.636, P ⬍ 0.001).
These finding indicate an association
between smoking habit and tubulointerstitial injury in diabetic nephropathy.
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Is ACE Inhibitor the
Best First-Line Agent
for Diabetes With
Hypertension?

I

have some questions about the opinions presented by Niskanen et al. in
the December 2001 issue of Diabetes
Care (1).

Study analysis
Was “after the fact” subanalysis designed
with enough power to see the proposed
difference? The subanalysis of 572 patients compared with the 10,985 patients
in the Captopril Prevention Project
(CAPPP) might not seem as robust as the
original study. Even in the original powered-analysis study, the treatment regimens did not differ in terms of prevention
of the primary end point (fatal cardiovas1488

Insulin sensitivity
The CAPPP claims that captopril has a
positive effect in insulin sensitivity, although this claim is not supported by
other studies, including double-blinded
and placebo-controlled studies.
Treatment combinations
“Conventional antihypertensive” treatment was defined as “diuretics and/or
␤-blocker.” Were ␤-blockers or diuretics
administered first, and then were second
agents added? Or vice versa? Even in the
captopril group, patients received a diuretic if their blood pressure was not under control. The calcium antagonist also
was allowed to be added to both treatment groups. The study results did not
report the finalized treatment combinations.
Not supported by U.K. Prospective
Diabetes Study
The U.K. Prospective Diabetes Study also
compared antihypertensive treatment
with an ACE inhibitor to that with a
␤-blocker. Neither drug was superior to
the other in any outcome measured, including diabetes-related deaths, myocardial infarction, and all microvascular end
points.
I recognize that diabetes, being a comorbidity disease, may require three or
more drugs to achieve the specified target
levels of blood pressure control. The established practice of choosing an ACE inhibitor as one of the first-line agents in
most patients with diabetes is reasonable.
And, for patients with microalbuminemia
or clinical nephropathy, both ACE inhibitors and angiotensin receptor blockers
should be used for the prevention and
progression of nephropathy. We should
still remember that diuretic- and ␤-blocker– based therapies also are supported by
evidence from other studies of diabetic
individuals with hypertension.
TAMMY EGGER, PHARMD
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ACE Inhibitor as One
of Several Possible
First-Line Agents Is
Reasonable for
Diabetic Patients
With Hypertension

W

e appreciate the overall constructive criticisms given by Dr. Egger
(1) and we respond as follows:
The Captopril Prevention Project
(CAPPP) Study was the first intervention
trial in hypertensive patients to compare
an ACE inhibitor– based therapy with
conventional antihypertensive therapy,
based on diuretics and/or ␤-blockers, regarding the effects on cardiovascular morbidity and mortality (2). As correctly
pointed out by Dr. Egger, in the whole
CAPPP study population, both diabetic
and nondiabetic subjects combined, no
difference was found between regimens
in preventing the primary end point (i.e.,
the combination of fatal as well as nonfatal myocardial infarction and stroke and
other cardiovascular deaths). In the
whole CAPPP population, the risk of
stroke was lower with conventional therapy than with captopril therapy, but this
was not the case in the diabetic patients.
We are just as puzzled by the result in the
full cohort as are others, since this result is
not supported by other studies. The contributory factors may have been a higher
frequency of history of strokes and transient ischemic attacks at baseline in the
captopril group, and this group also had
an achieved blood pressure that was 2
mmHg higher as compared with the conventionally treated group (2). The development of diabetes was one of the

DIABETES CARE, VOLUME 25, NUMBER 8, AUGUST 2002

Downloaded from http://diabetesjournals.org/care/article-pdf/25/8/1481/657543/1481.pdf by guest on 30 September 2022

References
1. Mokdad AH, Bowman BA, Ford ES, Vinicor F, Marks JS, Koplan JP: The continuing epidemics of obesity and diabetes in
the United States. JAMA 286:1195–1200,
2001
2. Michalek JE, Akhtar FZ, Kiel JL: Serum
dioxin, insulin, fasting glucose, and sex
hormone-binding: globulin in veterans of
Operation Ranch Hand. Clin Endocrinol
Metab 84:1540 –1543, 1999
3. Vena J, Boffetta P, Becher H, Benn T,
Bueno-de-Mesquita HB, Coggon D, Colin
D, Flesch-Janys D, Green L, Kauppinen T,
Littorin M, Lynge E, Mathews JD, Neuberger M, Pearce N, Pesatori AC, Saracci
R, Steenland K, Kogevinas M: Exposure to
dioxin and nonneoplastic mortality in the
expanded IARC international cohort
study of phenoxy herbicide: and chlorophenol production workers and sprayers.
Environ Health Perspectives 106 (Suppl.2):
645– 653, 1998
4. Pesatori AC, Zocchetti C, Guercilena S,
Consonni D, Turrini D: Bertazzi PA: Dioxin exposure and non-malignant health
effects: a mortality study. Occup & Environ
Med 55:126 –131, 1998
5. Exposure Analysis and Risk Characterization Group, National Center for Environmental Assessment: The Inventory Of
Sources Of Dioxin In The United States.
Washington, D.C., U.S. Environmental
Protection Agency, 1998

cular events; stroke, fatal and nonfatal;
myocardial infarction, fatal and nonfatal;
all fatal events; all cardiac events; and diabetes). Even the risk of stroke was lower
with conventional therapy than with captopril therapy.
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vantage for captopril over atenolol in reducing the risk of macrovascular and
microvascular diabetic complications. As
discussed above, these divergent findings
may partly be explained by the fact that
the blood pressure treatment goal was
lower in the UKPDS (⬍150/⬍85 mmHg)
than in the CAPPP Study (diastolic blood
pressure ⬍90 mmHg). Thus, blood pressure lowering may be more important
than the choice of antihypertensive agent,
although captopril was better tolerated (8).
Further, the diabetic patients recruited in the UKPDS had generally
milder disturbances in glucose metabolism, and patients with symptomatic cardiovascular disease were not included in
the UKPDS; therefore, these patients were
likely to be at lower risk than the diabetic
patients in the CAPPP Study. The LIFE
Study (5) as well as the subanalysis of the
LIFE diabetic population (6) (n ⫽ 1,195)
showed that an angiotensin II receptor
antagonist– based (losartan) regimen was
markedly superior in preventing cardiovascular end points in diabetic patients
than a ␤-blocker– based (atenolol) regimen. Even total mortality was reduced
⬃40% in the losartan group as compared
with the atenolol group. However, the diabetic substudy in LIFE was not powered
to be a mortality study, but the results
were striking. The results of the LIFE
Study are in line with the results of the
CAPPP diabetic subpopulation analysis.
As to the concluding remarks by Dr.
Egger, we totally agree. Multiple drugs are
required in diabetic patients and choosing an ACE inhibitor as one of several possible first-line agents is reasonable,
especially in those with renal impairment.
Further and more importantly, all five
classes of agents, diuretics, ␤-blockers,
calcium antagonists, ACE inhibitors, and
AT1-receptor antagonists, have presently
been shown to reduce cardiovascular
events in diabetic patients.
LEO NISKANEN, MD
THOMAS HEDNER, MD
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JAN LANKE, PHD
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predefined secondary end points of this
study. Contrary to what Dr. Egger states,
the captopril group (n ⫽ 337) had lower
incidences of new-onset diabetes than the
conventionally treated group (n ⫽ 380)
(relative risk 0.86, P ⫽ 0.039), and this
was especially marked in those who were
previously untreated (relative risk 0.67,
P ⫽ 0.030) (2).
We do appreciate Dr. Egger’s overall
concern about the power of the study.
The results in the diabetic patient cohort
are, like most other studies in this field,
derived from a subanalysis from the larger
CAPPP project with all its caveats. This
aspect was evident in the title of our article. We fully agree with Dr. Egger that the
results of this and any other single subanalysis should be interpreted with
caution.
Regarding insulin sensitivity, we
agree that the studies on ACE inhibition
and whole-body glucose uptake during
euglycemic clamp technique measurements have been contradictory. Due to
space constraints, detailed speculations
about the potential mechanisms were beyond the scope of our article. There are
also a number of other possible metabolic
disturbances in diabetic patients that are
influenced beneficially by ACE inhibitior
treatment, as we briefly mentioned in our
article. However, regarding the effects of
renin-angiotensin-aldosterone system inhibition on glucose and insulin metabolism, one should acknowledge that in the
CAPPP Study (3), like in the HOPE Study
(4) and the just recently published Losartan Intervention Study For End Point Reduction (LIFE) (5,6), drugs affecting
renin-angiotensin-aldosterone system
have shown significant long-term reduction in the incidence of new-onset diabetes, although the detailed mechanisms
remain obscure.
As to treatment combinations, it is
important to emphasize that we are actually comparing regimens based on various
drugs, and this also holds for the design of
other studies like the U.K. Prospective Diabetes Study (UKPDS) (7,8). In the conventional group of the CAPPP Study, the
choice of starting treatment with either a
diuretic or ␤-blocker was left to the investigator, since this was the accepted firstline antihypertensive therapy at the time
when the CAPPP Study was initiated.
It is true that to some extent the findings may be at deviance with those found
in the UKPDS (7), which showed no ad-
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Response to Block

I

thank Dr. Block (1) for the interest in
our article (2) and the editor for the
opportunity to clarify the point raised.
As stated several times in our article (RESULTS, Table 2, CONCLUSIONS), we define the
early-phase period (i.e., where insulin secretory rates were calculated) as the initial
30 min of the prandial phase. The calculation of insulin secretion was as noted
based on measurements of insulin and Cpeptide, utilizing the classic combined
model. Samples were drawn every 10 min
during this part of the prandial period.
The cardinal issue in our article is the
1490

but we never reported that this took place
within 10 min after administration. I
kindly ask Dr. Block to read our article
again to solve this misinterpretation.
Finally, I thank Dr. Block for giving us
the opportunity to emphasize the importance of defining insulin secretion (e.g.,
early-phase, very early–phase, acutephase, first-phase insulin secretion to a
given challenge) very carefully.
OLE SCHMITZ, MD
From the Department of Endocrinology, University
Hospital of Aarhus, Aarhus, Denmark.
Address correspondence to Dr. Ole Schmitz, Department of Endocrinology, University Hospital of
Aarhus, 8000 Aarhus C, Denmark. E-mail:
ole.schmitz@ickf.au.dv.
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

References
1. Block M: Response to Schmitz et al. (Letter). Diabetes Care 25:1490, 2002
2. Schmitz O, Lund S, Andersen PH, Jonler
M, Porksen N: Optimizing insulin secretagogue therapy in patients with type 2 diabetes: a randomized double-blind study
with repaglinide. Diabetes Care 25:342–
346, 2002
3. Knowles NG, Landchild MA, Fujimoto
WY, Kahn SE: Insulin and amylin release
are both diminished in first-degree relatives of subjects with type 2 diabetes. Diabetes Care 25:292–295, 2002
4. Nyholm B, Walker M, Gravholt CH,
Shearing PA, Sturis J, Alberti KGMM,
Holst JJ, Schmitz O: Twenty-four-hour
insulin secretion rates, circulating concentrations of fuel substrates and gut incretin hormones in healthy offspring of
type 2 (non-insulin-dependent) diabetic
parents: evidence of several aberrations.
Diabetologia 42:1314 –1323, 1999

COMMENTS AND
RESPONSES
On Combination
Therapy of Diabetes
With Metformin and
Dipeptidyl Peptidase
IV Inhibitors

R

ecently, data were presented showing that metformin increased
plasma active glucagon-like peptide (GLP)-1[7–36NH2] concentrations in
obese nondiabetic male patients (1), and
it was suggested that metformin was a di-

DIABETES CARE, VOLUME 25, NUMBER 8, AUGUST 2002

Downloaded from http://diabetesjournals.org/care/article-pdf/25/8/1481/657543/1481.pdf by guest on 30 September 2022

n an otherwise enticing article by
Schmitz et al. (1) in the February 2002
issue of Diabetes Care, the authors
make several assertions that are difficult
to support by the data presented in the
article.
The authors discuss “early-phase” insulin secretion numerous times throughout their article and seem to consider this
term the same as “acute phase” insulin secretion (CONCLUSIONS, paragraph two, line
13: “[. . .] early-phase insulin release is
one of the first defects to appear as type 2
diabetes develops”). Based on this assumption, they conclude that the study
drug did indeed improve “early-phase”
insulin secretion (presumably within 10
min after administration, by their definition) (CONCLUSIONS, paragraph 2, line 9)
but there are no data presented in their
article to support this contention.
As best as I could tell, Schmitz et al.
measured blood samples 43 times over
24 h, but the intervals of measurement are
not given. Even if they measured insulin
levels at 1-min intervals after oral glucose
administration, would this be equivalent
to insulin secretion after intravenously administered glucose? Perhaps I am missing
something here, but are these two terms
interchangeable (acute-phase insulin release and early-phase insulin secretion)?
I would greatly appreciate it if the authors could clarify this point for me.

effect of the insulin secretagogue repaglinide on the meal-induced insulin secretion, which is influenced by several
nutrients, release of incretin hormones,
etc. In CONCLUSIONS we discuss twice the
intravenous glucose-induced early-phase
insulin release (presumably what Dr.
Block refers to as acute-phase insulin release) to notice another important aspect
of type 2 diabetes pathophysiology. In the
same paragraph, meal-induced insulin release was discussed as it appears from the
references. We felt that the message was
clear and it was easy for the general reader
to distinguish between these two issues.
The allegation of the authors trying to
equate meal-induced insulin secretion to
intravenously glucose-induced earlyphase insulin secretion warrants a comment. Oral insulin secretagogues are
developed to reduce glycemia during
daily life conditions (e.g., meals), but of
course in the interest of gaining insight
into mode of action, it may be of relevance
to explore their effects on unphysiological
insulin challenges (e.g., intravenous glucose). The immediate insulin secretion
elicited by the latter stimulus is now demonstrated to be related to a pool of insulin
vesicles docked at the plasma membrane,
whereas the early-phase insulin secretion
after meal ingestion is probably ascribable
to a combination of release from this pool
and initially undocked vesicles.
So, to some extent, it may be two sides
of the same coin. Both a reduced mealinduced and intravenously glucoseinduced early-phase insulin secretion are
abnormalities often present in healthy
prediabetic individuals (3,4). Clearly the
two modes of stimulating the ␤-cell are
only partially comparable. Nevertheless,
our study deals with clinical pharmacology and insulin and glucose dynamics
during daily life conditions of type 2 diabetic individuals after administration of
an insulin secretagogue. In this context,
we did not find it of relevance to compare
this daily life condition in terms of insulin
release with an (unphysiological) intravenous glucose challenge. One almost gets
the impression from Dr. Block’s comment
that restoration of intravenously glucoseinduced insulin secretion is even more
pivotal than restoring the daily-life, mealinduced, early-phase insulin secretion.
Moreover, it is important to state that
our study drug (repaglinide) convincingly improved insulin secretion during
the initial 30 min of the prandial periods,

Letters

DIABETES CARE, VOLUME 25, NUMBER 8, AUGUST 2002

abetic effect. However, because both DP
IV inhibitors and sulfonylureas enhance
insulin release, the potential of combination therapy with these agents is doubtful.
A corollary to our hypothesis was recently
published by Zander et al. (14), who
found that subcutaneous infusion of
GLP-1 had an additive antidiabetic effect
when given in combination with metformin; it was also commented that data
were inconsistent with the findings of
Mannucci et al. Direct testing using laboratory models of type 2 diabetes and clinical trials will ultimately confirm or refute
our prediction on combination therapies.
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e agree with Hinke et al. (1) that
metformin acts mainly through
the inhibition of hepatic glucose
output and the enhancement of periph1491

Downloaded from http://diabetesjournals.org/care/article-pdf/25/8/1481/657543/1481.pdf by guest on 30 September 2022

rect dipeptidyl peptidase (DP) IV inhibitor. Contradiction of this hypothesis is
simply found by examining the modes of
action of metformin and of the DP IV inhibitors. Although the specific molecular
target of metformin is still unknown, biguanides generally act to sensitize peripheral tissues to insulin action (particularly,
skeletal muscle) and inhibit hepatic gluconeogenesis and glycogenolysis (2– 4).
In contrast, DP IV inhibitors act to enhance the insulin response to a meal, via
preservation of intact bioactive incretins,
GLP-1[7–36NH2] and GIP[1– 42OH] (5–10).
Notably, metformin does not improve
glucose tolerance via an increase in circulating insulin levels, implicating different
antidiabetic mechanisms for metformin
and DP IV inhibitors.
Unfortunately, Mannucci et al. (1) did
not measure total GLP-1 (GLP-1[7–36NH2]
⫹ GLP-1[9 –36NH2]) levels in their study.
An increase NH2-terminal intact GLP-1
was interpreted as indicating protection
from degradation by DP IV, and the possibility of an increase in total GLP-1 levels,
yielding a proportional rise in intact
GLP-1 concentrations, was not considered.
This possibility is consistent with prior
studies examining glucagon and GLP-1
levels after metformin treatment (11–13).
A simplistic interpretation of these findings would be that metformin either enhances the glucose sensitivity of the islet
␣-cell and enteroendocrine L-cell, the secretory rate of these cells, or increases
transcription/translation of the proglucagon gene, resulting in greater hormone
release with metformin treatment. Regardless, we initiated a series of in vitro
biochemical studies to test the hypothesis
of Mannucci et al., but were unable to
duplicate their earlier work or support
this hypothesis by other means (13).
Traditional treatment of type 2 diabetes begins with diet control and oral
monotherapy (metformin, sulfonylureas,
acarbose, or certain glitazones), and as the
disease progresses, combinatorial treatment follows, until finally insulin injections are required to achieve glycemic
control (3). Considering the different
modes of action of DP IV inhibitors (enhancing the postprandial insulin response
due to active incretin preservation) and
metformin or glitazones (sensitizing peripheral tissue to insulin), we predict that
type 2 diabetic patients receiving combinatorial treatment of these therapies will
produce an even greater (additive) antidi-
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for the study of the effects of metformin
on GLP-1 secretion.
We also agree with Hinke et al. that,
theoretically, the combination of DPP-IV
inhibitors (acting mainly via the increase
of early postprandial insulin secretion)
and metformin (acting mainly through
the enhancement of insulin sensitivity
and suppression of hepatic glucose output) could be useful in the treatment of
type 2 diabetes. However, the choice of
therapeutic combinations should be
based on evidence derived from clinical
studies rather than on theoretical consideration. Demuth et al. (6) reported that
the Probiodrug DPP-IV inhibitor P32/98
has a significant hypoglycemic effect in
type 2 diabetic patients treated with sulfonylureas, but it does not reduce blood
glucose in those already treated with metformin. We agree with Hinke et al. that
other DPP-IV inhibitors could have a
more favorable profile of action when
given in combination with metformin,
but we advise greater caution in designing
future therapeutic scenarios when so little
sound clinical evidence is available.
EDOARDO MANNUCCI, MD1,2
CARLO M. ROTELLA, MD1
From the 1Section of Endocrinology, Department of
Clinical Pathophysiology, University of Florence
Medical School, Florence, Italy; and the 2Section of
Geriatrics, Department of Critical Care, University
of Florence Medical School, Florence, Italy.
Address correspondence to Prof. Carlo M.
Rotella, Malattie Metaboliche e del Ricambio, Dipartimento di Fisiopatologia Clinica, Viale Pieraccini, 6,
50134 Firenze, Italy. E-mail: c.rotella@dfc.unifi.it.
E.M. has received consulting fees from Molteni
Pharmaceuticals and Merck Pharma Italia. C.M.R. is

a member of an advisory board for Novo Nordisk
and has received grant support from Molteni Pharmaceuticals.
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

References
1. Hinke SA, McIntosh CHS, Hoffmann T,
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eral insulin sensitivity, through unidentified molecular mechanisms in the liver
and skeletal muscle. However, it has been
observed that metformin could enhance
glucose-induced insulin secretion in
some experimental conditions (2), although the relevance of this effect for the
antihyperglycemic action of metformin is
questionable. Furthermore, glucagonlike peptide (GLP)-1 has been shown to
increase insulin sensitivity and non–
insulin-mediated glucose disposal (3,4),
suggesting that DPP-IV inhibitors, which
increase GLP-1 levels, could be expected
to improve insulin sensitivity as well as
insulin secretion.
Our study (5) has shown that the increase of GLP-1 levels after an oral glucose
load determined by metformin, consistent with previous reports, is not due to
drug-induced differences in glycemia or
insulinemia; in fact, this effect can also be
observed in isoglycemic and isoinsulinemic conditions, i.e., during a hyperinsulinemic-euglycemic clamp. The
contribution of enhancement of secretion
and inhibition of degradation to the increase of GLP-1 levels during metformin
therapy needs to be elucidated through
further specifically designed studies, as
was clearly stated in our study. The measurement of total GLP-1, as suggested by
Hinke et al., would be of little use in this
respect; in fact, total GLP-1 should obviously be expected to be increased, even in
the case of metformin inhibiting degradation without stimulating secretion. In
vitro or ex vivo experimental models,
such as isolated intestinal L-cells or perfused ileum, would be more informative

