
OBSERVATIONS

Cost-Effectiveness of
Two Screening
Programs for
Microalbuminuria in
Type 2 Diabetes

The presence of microalbuminuria is
associated with an increased risk for
developing nephropathy and car-

diovascular diseases in both type 1 and
type 2 diabetes (1–3). A proper pharma-
cological treatment can reduce urinary al-
bumin excretion rate (AER) and prevent
clinical nephropathy. Consequently, the
screening for microalbuminuria should
be an essential tool of the care for diabetic
patients.

Controversy still exists regarding the
type of urine specimen to be used to eval-
uate microalbuminuria. AER determined
in timed urine collections (24 h or over-
night) is the most direct measure of uri-
nary albumin excretion (4,5). However,
due to the demand of the protocol and
frequent imperfect patient adherence, the
AER is not practical for epidemiological
studies or clinical settings. For these rea-
sons, the measurement of the albumin-to-
creatinine ratio (ACR) in a random spot
urine has became a widely accepted clin-
ical tool for assessing urinary albumin
excretion (6–8). Recently, several semi-
quantitative office tests for detecting ab-
normal albuminuria have been developed
(9).

The aim of our study was to identify
the easiest and most cost-effective screen-
ing program for microalbuminuria in an
outpatient clinic. We evaluated specific-
ity, sensitivity, and positive (PPV) and
negative (NPV) predictive values of mea-
surement of microalbuminuria by using
ACR or by an immunological semiquan-
titative test in a first-morning spot urine
sample in comparison with AER mea-
sured in three timed overnight urine
collections.

Urinary albumin concentration was
determined by using an immunological
semiquantitative test (Micral-test; Roche
Diagnostics, Mannheim, Germany) and
the ACR by using DCA 2000 Analyzer

(Bayer, München, Germany) in a first-
morning urine specimen of 1,712 type 2
diabetic patients consecutively admitted
to our outpatient clinic. AER was then
measured using three timed overnight
urine collections that were performed at
home a month after the screening evalua-
tion. Albuminuria was detected by immu-
noturbidimetr ic method (Image;
Beckman). Sensitivity, specificity, PPV,
and NPV were calculated to determine the
diagnostic properties of Micral and ACR.
The AER, calculated as the median of
three timed overnight urine collections,
was used as the reference indicator. Mi-
croalbuminuria was defined as Micral-test
�20 mg/l or ACR �2.8 g/mol for women
and �1.9 g/mol for men (10) or AER be-
tween 20 and 200 �g/min. Patients with
urinary tract infections, acetonuria, he-
maturia, or leucocituria (n � 56) were
excluded from the study.

In the remaining 1,656 patients eligi-
ble for evaluation, the median of AER re-
vea led that 1 ,273 pat ients were
normoalbuminuric (76.8%), 338 mi-
croalbuminuric (20.4%) and 45 mac-
roalbuminuric (2.7%). These figures are
similar to those already found in an Italian
population (11). Macroalbuminuric pa-
tients were excluded from the subsequent
analysis.

Of the remaining 1,611 patients, 516
patients were classified as microalbumin-
uric by using Micral-test (194 false-
positive test results and 16 false-negative
tests compared with the AER method).
According to the ACR, 420 patients were
microalbuminuric (95 false-positive tests
and 13 false-negative tests). The correla-
tion coefficient between ACR and AER
levels was 0.858.

For the Micral-test, a sensitivity of
95.2%, a specificity of 84.7%, a PPV of
62.4%, and a NPV of 98.5% were calcu-
lated; for the ACR, a sensitivity of 96.1%,
a specificity of 92.5%, a PPV of 77.3%,
and an NPV of 98.9% were found.

Although the semiquantitative mea-
surement (Micral-test) and ACR measure-
ment in a first-morning urine specimen
were easy methods, acceptable for pa-
tients, and convenient to be carried out in
an office setting because of a fast reading
time, both determinations had a very high
sensitivity but a lower specificity. Partic-
ularly, 194 of 516 patients with Micral
�20 mg/l were determined to be nor-
moalbuminuric with AER; 95 of 420 pa-
tients who were determined to be

microalbuminuric with ACR were consid-
ered normoalbuminuric with AER. Al-
though the use of ACR reduces the
influence of variations in urinary flow
rate, it is considerably more expensive
than Micral-test (€4.64 vs. €1.54 per test),
because the former needs the additional
measurement of creatinine at the expense
of extra costs. In our population, an initial
screening to identify microalbuminuric
patients carried out with ACR rather than
Micral-test would have determined a
much higher final cost (€7,684 vs.
€2,250). However, this extra cost could still
be acceptable if the results obtained were
comparable to those found with a stan-
dard measurement of AER in a timed
urine collection. Although in the past de-
cade numerous reports evaluated the use
of ACR in first-morning specimens as an
alternative to AER (12), in our study,
compared with AER, the good sensitivity
of ACR (96.1%) was associated with a
PPV of only 77.3%. Therefore, by using
the determination of ACR rather than AER
in our population to identify patients with
microalbuminuria, �6% of our normo-
albuminuric type 2 diabetic patients would
have received an inappropriate therapeutic
intervention for microalbuminuria. On the
other hand it remains to be established
whether a repeated determination of ACR
as for AER (in three first-morning spot
urine samples) would have improved the
specificity of ACR, thereby reducing the
percentage of false-positive tests.

In conclusion, our results demon-
strate that the detection of urinary albu-
min concentration in a first-morning
urine sample by a semiquantitative test
(Micral) is the easiest and most cost-
effective screening procedure to identify
microalbuminuric subjects in an outpa-
tient type 2 diabetic population. The
ACR, because of its low PPV, cannot sub-
stitute the determination of AER in timed
overnight urine collections for the confir-
mation and the initiation of a therapeutic
intervention for microalbuminuria in
type 2 diabetic patients.
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Editor’s Comment— I interpret these results
to support the recommendation of both the
American Kidney Foundation and the Ameri-
can Diabetes Association that ACR can be used
instead of a timed collection. Timed collec-
tions, 24 h or otherwise, are very inconvenient
and often not collected accurately. Since albu-
min excretion is highly variable from day to
day (up to 25%), a repeat ACR to fulfill the
criterion of two of three positive values within
a 3- to 6-month period as recommended for the
diagnosis of microalbuminuria would very like-
ly have reduced the false-positive rate of 6%.
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Self-Monitored
Blood Glucose in
Pregnant Women
Without Gestational
Diabetes Mellitus

T he Fourth Workshop-Conference
on Gestational Diabetes Mellitus
(GDM) recommended to lower

maternal blood glucose (BG) goals (1).
However, data on glucose values in non-
diabetic pregnant women are scant and
targets have not been derived from clini-
cal trials (1). In addition, the regression
line between laboratory and capillary BG
measurements deviates from the origin
with differences between meters (2).

We aimed to assess the BG range in
pregnant women without GDM using
self-monitoring of blood glucose (SMBG)
with three reflectance meters (Accutrend
Sensor, One Touch, and Precision). Uni-
versal GDM screening was performed us-
ing criteria from the first Workshop-
Conference at three periods during
pregnancy (before 24 weeks, at 24–28
weeks, and at 32–35 weeks). A total of 36
pregnant women were studied shortly af-
ter a normal screening/oral glucose toler-
ance test (12 subjects per period). Within
each period, permuted-block randomiza-
tion was performed and then separated
into six groups (2 reflectance meters, se-
quence of use). Women were asked to
perform SMBG before and 1 h after each
main meal while maintaining their usual
diet and activity. At each time two BG
measurements were performed, one with
each meter.

Maternal age was 30.2 years (24–38),
BMI was 24.1 kg/m2 (18.6 –33.0), the
gestational age at second screening was
26.0 weeks (24–29), and plasma glucose
1 h after challenge was 112.0 mg/dl (77–

174), without differences between groups
(Kruskall-Wallis ANOVA). Women who
were tested after the first period per-
formed monitoring at a gestational age of
16 weeks (12–23), those who were tested
after the second period performed moni-
toring at 27.5 weeks (24–30), and those
who were tested after the third period
performed monitoring at 36 weeks (32–
39). Differences for capillary BG (mg/dl)
in the three periods were tested with
ANOVA and adjusted for the meter. Fast-
ing BG decreased (first period 88.0 � 9.4,
second period 87.5 � 14.0, and third pe-
riod 78.8 � 15.8) and 1-h postprandial
BG increased in the third period (105.9 �
21.6, 109.5 � 15.5, and 117.5 � 21.4),
whereas no change was observed for pre-
prandrial (lunch/dinner) BG (85.9 �
14.1, 87.7 � 15.2, and 80.9 � 17.7) and
no influence for the meter was observed.

After we translated these results into
practice, the first conclusion is that differ-
ent meters do not seem to be a main de-
terminant of SMBG values. Knowledge of
SMBG values in healthy pregnant women
can be used to establish glycemic goals for
diabetic pregnant women. Recently, the
maximal value for mean 1-h postprandial
BG in healthy pregnant women (105.2
mg/dl) has been proposed as the target for
diabetic pregnant women (3,4). This can
be considered too tight because half of the
pregnant population would be over the
target, and to decrease BG implies risk
(5). A range between mean and �1 SD or
�1 SD and �2 SD would be safer. In this
study, mean to �2 SD would translate
into fasting BG 88–111 mg/dl before 30
pregnancy weeks and 79–110 mg/dl af-
terward, preprandrial BG (lunch/dinner)
85–116 mg/dl throughout pregnancy,
and 1-h postprandial BG 108–145 mg/dl
before 30 weeks and 118–160 mg/dl af-
terward. In the aforementioned study (3),
mean �2 SD for 1-h postprandial BG is
�115 mg/dl, a figure remarkably lower.
We have no clear explanation for the dif-
ference; it cannot be attributed to obesity
(data not shown), and we can only spec-
ulate on the influence of reagent storage
and meter calibration. This underscores
the importance of additional information
on SMBG values in healthy pregnant
women.
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Pulmonary
Mucormycosis in a
Diabetic Patient with
HIV

In 1994, a 43-year-old woman was ad-
mitted to the hospital for acute lung
infection and was subsequently diag-

nosed with HIV without any opportunis-
t ic infect ion. One month before
admission, she developed fever, asthenia,
cough, and polyuro-polydipsic syndrome
with a 10-kg weight loss. The chest X-ray
was normal. Clinical assessment showed
hyperthermia (38.4°C), permanent
cough, hemoptysis, anterior chest pain,
and crackles in the right upper field. The
chest X-ray revealed a systematic opacity
in the right upper lobe. A computed to-
mographic scan showed a voluminous
cavitation (56 � 64 mm) with a bronchus
of drainage. The laboratory tests revealed
type 2 diabetes (glycemia 28 mmol/l; se-

rum HCO3 22 mmol/l; anti-GAD anti-
bodies 0.51 units/ml [�1]; and C-peptide
2.3 ng/ml [0.9–4]). Her C-reactive pro-
tein level was 248 mg/l, and her blood cell
count and electrolytes were in the normal
range. Immunodeficiency was not severe
(CD4 370/mm3) and her viral load was
low (1,700 copies/ml). A bronchoscopy
showed a diffuse mucosis thickening with
congestion. Mycobacteriological culture
from a transbronchial biopsy carried out a
final diagnosis of mucormycosis. No
other localization of mucormycosis was
found.

Treatment involved systemic ampho-
tericin B, surgical resection of the right
upper lobe, and the strict glycemic con-
trol. One month later, the patient was afe-
brile and asymptomatic.

Mucormycosis is an opportunistic
fungal infection commonly found in pa-
tients with neutropenia (immunosuppre-
sive agents) and diabetes. Mucormycosis
seldom occurs in AIDS patients, except in
those with neutropenia or additional risk
factors (1). Because of the aerobic nature
of fungi, the rhinocerebral form is the
most frequent (55%), followed by pulmo-
nary localization (30%) (2). The disease is
severe with vascular invasion, thrombo-
sis, and necrosis. Diabetic subjects are
predisposed to rhinocerebral location,
whereas neutropenic subjects are suscep-
tible to pulmonary or disseminated infec-
tions (3). Only 225 cases of pulmonary
mucormycosis were reported, 56% of
which were found in patients with diabe-
tes (2). In neutropenic patients, the clini-
cal presentation mimics pulmonary
aspergillosis, a rapidly progressive pneu-
monia with diffuse infiltrates. Conversely,
diabetic subjects develop a localized en-
dobronchial form (4). In diabetic pa-
tients, the mechanisms of the disease
involve the combined effects of hypergly-
cemia, ketosis, and acidosis. The fungi-
static activity of serum is due to the
transferrin, which reduces the free-iron
available to the fungus for growth. Acido-
sis temporarily disrupts the ability of
transferrin to bind iron. Since ketoreduc-
tase is available in the fungi, they can use
ketone bodies in their metabolism (1).
The mechanism is different in poorly con-
trolled diabetes, owing to impaired che-
motaxis and phagocytosis of neutrophils
(1).

The diagnosis is difficult. The mucor-
mycosis is usually fulminant and mostly
discovered at autopsy (5). Overall mortal-

ity rate of pulmonary mucormycosis is
�80%, depending on underlying disease,
delay to diagnosis, and extent of the le-
sion. Mortality is lower in surgical com-
pared with medical treatment (11 vs.
68%) (2). Optimal therapy requires con-
trol of the underlying disease, surgical re-
section, and systemic antifungal therapy
(1,2,4).

In this particular case, diabetes was
probably the underlying disease and the
HIV status was an additional risk factor.
Moreover, the HIV infection favored a
misleading diagnosis such as opportunis-
tic infection (tuberculosis, aspergillus,
etc.) or neoplasia.

In conclusion, mucormycosis should
be considered in nonimmunodeficient di-
abetic patients with acute lung disease
with cavitation, because early diagnosis
and aggressive management maximize
the chances for cure.
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A Mitochondrial
Genotype Associated
With the
Development of
Autoimmune-
Related Type 1
Diabetes

O xidative stress has been demon-
strated to play an essential role in
the destruction of pancreatic

	-cells without infiltrating inflammatory
cells in mice with type 1 diabetes (1). Re-
cently, it was reported that a nucleotide
substitution in mitochondrial DNA, a C-
to-A transversion at nucleotide position
5178 within the NADH dehydrogenase
subunit 2 gene, resulting in a Leu3Met
substitution (Mt5178A), is related to lon-
gevity and that individuals with Mt5178C
are more susceptible to adult-onset dis-
eases than those with Mt5178A (2).
Mt5178C/A genotype may influence oxi-
dative damage to mitochondrial DNA.
Myers et al. (3) recently reported that the
specific inhibition of mitochondrial oxi-
dative phosphorylation induced hyperex-
pression of GAD in pancreatic 	-cells.
Inhibitors of NADH-ubiquinone oxi-
doreductase (complex I) seemed to be
particularly effective in increasing the ex-
pression of GAD. Therefore, we hypothe-
sized that the Mt5178C genotype is
related to type 1 diabetes, especially auto-
immune-related diabetes.

A total of 385 patients with type 1
diabetes (154 males, 231 females; current
mean age 30.7 � 5.5 years; onset age
14.4 � 6.8 years; mean � SD) diagnosed
under the age of 30 were randomly re-
cruited from outpatients attending the Di-
abetes Center at Tokyo Women’s Medical
University. The subjects were diagnosed
with type 1 diabetes according to the
guideline of the Expert Committee on the
Diagnosis and Classification of Diabetes
Mellitus (4). At the time of this study, all
patients were ketosis-prone, and insulin
treatment had been started immediately
after the onset of type 1 diabetes. The

mean BMI was 21.1 � 0.5 kg/m2. The
mean daily insulin dose was 1.01 � 0.23
IU � kg
1 � day
1. A total of 469 healthy
people (276 males, 193 females; current
age 35.4 � 6.4 years) who had no abnor-
mality in glucose or lipid metabolism
served as cont ro l sub jec t s . The
Mt5178A/C genotype was analyzed by
use of PCR and restriction fragment–
length polymorphism with AluI digestion
(2).

The frequency of Mt5178C among
patients with type 1 diabetes (264 of 385,
68.6%) was significantly higher than that
among healthy control subjects (285 of
469, 60.8%) (P � 0.017; odds ratio
1.409; 95% CI 1.060–1.871). This find-
ing suggests that Mt5178C is associated
with genetic susceptibility to type 1 dia-
betes. There was no association of
Mt5178C with HLA-DR4, -DR9, -DQ3,
or -DQ4 as representative HLA class II
molecules in Japanese patients with type
1 diabetes (5).

Next, the relation of mitochondrial
genotype to the presence of pancreatic
	-cell–specific autoantibodies was exam-
ined. Antibodies to GAD and to a
receptor-type protein tyrosine phospha-
tase, designated IA-2, were assayed in a
total of 180 subjects within 3 months after
the onset of the disease. Sera within 2
weeks after the onset were tested for in-
sulin autoantibody (IAA). The ratio of C-
to-A was significantly higher in the
patients who were positive for GAD anti-
body, IA-2 antibody, or IAA (Abs�) than
in the patients who were negative for all
three (Abs
) (Table 1).

Our present observation suggests that
mitochondria with the Mt5178C genotype
are susceptible to enhanced oxidative stress
to pancreatic 	-cells, resulting in activa-
tion of autoimmune mechanisms leading
to the development of type 1 diabetes.
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Cockcroft’s Formula
Underestimates
Glomerular Filtration
Rate in Diabetic
Subjects Treated by
Lipid-Lowering
Drugs

D iabetic subjects are often dysli-
pemic and have to be treated by fi-
brates or statins. These drugs must

be cautiously used (and sometimes with-
drawn) when chronic renal failure is
present. Accurate evaluation of glomeru-
lar filtration rate (GFR) is thus of crucial
importance in diabetic patients to detect
early renal impairment. The Cockroft-
Gault formula estimates glomerular func-

Table 1—Frequency of Mt5178C and Mt5178A in 180 patients who were tested for GAD and
IA-2 antibodies and IAA

Abs� Abs
 Odds ratio (95% CI) P

C:A 94:42 20:24 2.686 (1.339–5.389) 0.0046
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tion as a function of age, body weight, and
serum creatinine, and is recommended by
the American Diabetes Association (1).

We evaluated the accuracy of Cock-
roft’s formula (CF) for predicting GFR, by
reference to 51Cr-EDTA clearance, in 48
diabetic subjects without important renal
failure (GFR �60 ml/min).

Diabetic subjects were divided into
two groups: 22 were not treated by lipid-
lowering drugs (TTT
) and 26 were
treated (TTT�; 22 with statin, 4 with fi-
brates). Results of plasma creatinine, iso-
topic GFR, CF calculated clearance, and
the percent underestimation of CF as
compared with isotopic GFR were com-
pared by nonparametric tests (Mann-
Whitney U for unpaired and Wilcoxon
signed rank for paired data). Number of
underestimated (�60 ml/min) CF in both
groups was compared by the �2 test. Re-
sults are expressed as mean � SD.

The two groups had similar BMI,
(TTT
 26.8 � 3.5 kg/m2 vs. TTT�
28.7 � 5.3 kg/m2; NS) and HbA1c (TTT

9.0 � 1.7 vs. TTT
�: 9.3 � 1.2%; NS).
Patients who were not treated were
younger than treated patients (50.9 �
15.9 vs. 61.9 � 11.6 years; P � 0.01).
Total, HDL, and LDL cholesterol did not
significantly differ in the two groups.
Triglycerides remained higher in treated
patients (TTT
 1.5 � 1.3 g/l vs. TTT�
2.2 � 1.5 g/l; P � 0.01). The degree of
albuminuria was similar in the two
groups (TTT
 168.9 � 187 mg/24 h vs.
TTT� 275.3 � 552 mg/24 h; NS).

Despite the fact that treated patients
were older than the patients who were not
treated, isotopic GFR was only slightly
lower in this group of patients (TTT�
98.5 � 33.9 ml/mn vs. TTT
 102.3 �
31.5 ml/mn; NS). Plasma creatinine was
slightly higher in the treated group
(TTT
 88 � 15 �mol/l vs. TTT� 95 �
20 �mol/l; NS). CF underestimated GFR
in both nontreated (TTT
 94.3 � 27 ml/
min, P � 0.01 vs. isotopic GFR) and
treated subjects (TTT� 82.3 � 30.7 ml/
min, P � 0.0005 vs. isotopic GFR). How-
ever, the percent underestimation by CF
was greater in treated (TTT
 
6.4 �
1.7%, TTT� 
15.1 � 2%; P � 0.05). In
the entire population the percent under-
estimation of GFR by CF was not corre-
lated with age. Number of falsely renal
insufficient subjects according to CF (CF
�60 ml/min) was higher in treated sub-
jects (TTT
 3 of 22 � 13.6%, TTT� 8 of
26 � 30.7%; P � 0,05).

CF is known to underestimate GFR at
high values (2), but we find this was more
pronounced in diabetic subjects treated
with lipid-lowering drugs, despite the fact
that their isotopic GFR was slightly lower.
This underestimation was not associated
with age. Indeed, the agreement between
the true GFR and the estimated creatinine
clearance depends on the former and
should be closest when GFR is �100 ml/
min (3), as found in the treated group. It
does not depend on the age that is already
included in CF. This underestimation
may be due to the influence of these drugs
on muscles (4) and muscular creatinine
production, as already reported with fi-
brates (5). The use of CF may lead physi-
cians to falsely consider one-third of
treated diabetic subjects as renal insuffi-
cient and consequently erroneously re-
duce or withdraw lipid-lowering drugs,
based on the proportion whose calculated
GFR is falsely �60 ml/min. However,
treatment of dyslipidemia is of crucial im-
portance in patients with diabetic ne-
phropathy. Indeed, lipid nephrotoxicity
has been identified as a factor involved in
the progression of renal injury (6).
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The Prevalence of
Hypertension and
Utilization of
Antihypertensive
Therapy in a District
Diabetes Population

H ypertension and antihypertensive
treatment (AHT) impact on diabetes
vascular outcomes and systolic

blood pressure (SBP) probably confers a
greater risk than diastolic blood pressure
(1,2). Recent guidelines promote low in-
tervention thresholds and target blood
pressures (�130 –140/80 – 85 mmHg)
without considering the impact on clin-
ical service provision (3,4). Using SBP
targets, we describe hypertension preva-
lence, AHT utilization, and efficacy in a
large district diabetes population.

We studied 6,485 of 7,123 registered
adults (�18 years) who had complete
SBP and AHT data. Only 4,987 (76%) had
complete data within 18 months. The
subject (n � 6,485) characteristics were
age 60 � 15 years (mean � SD); BMI
29 � 8 kg/m2; 3,584 (55%) males; 5,115
(79%) type 2 diabetic subjects; 4,242
(65%) Caucasians; 1,259 (20%) Asians;
and 546 (8%) Afro-Caribbean subjects.
Blood pressure was measured by trained
nurses (DinamapXL automated monitor;
Johnson and Johnson Medical, Arlington,
TX) with readings taken while the patient
was sitting, from the right arm, and after a
5-min rest.

The mean SBP was 149 � 24 mmHg.
Hypertension prevalence (SBP �140
mmHg and/or AHT use) was 74%
(4,788). Overall (Table 1), 2,252 subjects
(35%) were untreated, 1,949 (30%) were
suboptimally treated, 587 (9%) were
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treated to target SBP �140 mmHg, and
only 285 (4%) attained a target of �130
mmHg. Using 160 mmHg as the defini-
tion and treatment target, 54% were hy-
pertensive (3,493 of 6,485), of whom 957
were untreated and 1,069 were subopti-
mally treated (i.e., overall, 31% had SBP
�160 mmHg).

Our hypertension prevalence (74%),
low treatment rates (2,536 of 4,788,
53%), and poor control rates (587 of
4,788, 12%) at SBP of 140 mmHg com-
pare directly with another U.K. study (5).
These data clearly imply a huge workload
for resource-constrained services. The
obligation to improve access, equity, and
systematic health care will increase this
workload. Priority setting may deprive
some people of potential but small bene-
fits. However, concepts of rationing and
prioritization to maximize gains and im-
prove the efficiency of delivery of health
care overall (6) must consider the curvi-
linear relationship between SBP and vas-
cular risk. High-risk groups may be
defined by understanding event rates
for all vascular/diabetes complications
at different SBP thresholds (1) (40.4,
51.3, and 76.2 per 1,000 person-years at
�130, �140, and �160 mmHg, respec-
tively). Our data strongly suggest that ser-
vice providers must embrace these
questions, and a necessary debate should
ensue regarding the need for pragmatic
intervention targets and how best to
achieve them.
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A Case of Recurrent
and Fatal
Hypothermia in a
Man with Diabetic
Neuropathy

S evere hypothermia most commonly
results from accidental exposure to
environmental cold temperatures.

However, numerous medical conditions
can contribute to or even cause hypother-
mia, including those that increase bodily
heat loss (e.g., exfoliative dermatitis),
those associated with deficient heat pro-

duction (e.g., hypothyroidism, liver fail-
ure, and malnutrition), and those causing
abnormal thermoregulation (e.g., spinal
chord injury and sepsis syndrome). Hy-
pothermia in diabetic patients is well de-
scribed, particularly in association with
hypoglycemic episodes (1) and diabetic
ketoacidosis (2). Hospital admissions for
hypothermia are more frequent among
patients with diabetes than among the
general patient population (3). Diabetic
patients with neuropathy may be at risk
for clinical hypothermia because of im-
pairment of physiologic thermoregula-
tory mechanisms. We report a case of
recurrent and fatal hypothermia in a man
with diabetes and neuropathy.

P.V., a 40-year-old man with insulin-
treated diabetes, was admitted to the in-
tensive care unit of our hospital in January
2001 with hypothermia (rectal tempera-
ture 31.5°C) and coma. The patient was
found by his wife early on the morning of
admission to be cold and unresponsive.
The patient had been discharged from our
hospital only 1 week prior, and he was
known to have diabetes, renal insuffi-
ciency, and lower-extremity neuropathy
with reduced sensation and deep tendon
reflexes. The medical record notes that
the patient was also hypothermic (tem-
perature 33.9°C) upon presentation for
his prior admission. In the emergency de-
partment, his blood pressure was 78/48
mmHg, and his heart rate was 43 bpm
and regular. The patient had no focal neu-
rological deficit and a computed tomog-
raphy scan of his head revealed old
lacunar infarct. There was no leukocytosis
or gap-acidosis, and his blood area nitro-
gen, creatinine, and glucose were 16
mmol/l, 504 �mol/l, and 6.9 mmol/l, re-
spectively. The patient was given warmed
intravenous fluids and blankets, but had
an episode of ventricular tachycardia re-
quiring defibrillation. The patient was
moved to intensive care where he quickly

Table 1—Utilisation and impact of AHT on attained SBP in a whole district diabetes population

AHT

SBP (mmHg)

�140 140–160 �160 Total

Yes 587 (9) 880 (14) 1,069 (16) 2,536 (39)
Well treated Suboptimally treated Poorly treated Labelled hypertensive

No 1,697 (26) 1,295 (20) 957 (15) 3,949 (61)
Not hypertensive Possibly hypertensive Probably hypertensive Not labelled hypertensive

Total 2,284 (35) 2,175 (34) 2,026 (31) 6,485 (100)

Data are n (%).
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recovered and returned to his baseline
level of health. The patient’s thyroid func-
tion and cortisol response to stimulation
were both normal. The chest radiograph
showed no infiltrate, and blood cultures
and HIV antibody were negative. He had
no further episodes of hypothermia or ar-
rhythmia, and he was discharged from the
hospital. In February 2001, we received
notification that the patient had expired at
a local hospital after again being found by
his wife to be unresponsive and cold. The
medical record notes that the patient’s
temperature was 33.9°C upon his arrival
to the other facility, where he was resus-
citated but subsequently expired of car-
diac arrest.

Diabetic patients with autonomic
neuropathy may be predisposed to hypo-
thermia by alteration of normal thermo-
regulatory mechanisms. Peripheral arterial
vasomotion as measured with laser Dopp-
ler is impaired in diabetic patients with
autonomic neuropathy (4), and these pa-
tients are at increased risk for intraopera-
tive hypothermia (5). When exposed to
external cooling, diabetic patients with
autonomic neuropathy demonstrate im-
paired peripheral vasoconstriction and do
not transiently increase their core temper-
ature like nondiabetic patients (6). This
case of recurrent and fatal hypothermia
was due to the impairment of thermoreg-
ulatory mechanisms associated with dia-
betes and autonomic neuropathy. It is
important to counsel diabetic patients, es-
pecially those who are elderly and have
neuropathy, to guard against accidental
cold exposure. Tests of autonomic func-
tion (e.g., heart rate variability testing)
may identify diabetic patients at increased
risk for hypothermia.
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Incidence and Costs
of Severe
Hypoglycemia

H ypoglycemia is a significant cause of
morbidity and mortality and is the
limiting factor in the successful

metabolic control of diabetes. Severe hy-
poglycemic episodes can be li fe-
threatening and are particularly feared by
diabetic patients and their relatives.

In a prospective population-based
study with sensitive screening for hypo-
glycemia, we determined the incidence
and direct medical costs of severe hypo-
glycemia (SH) in a nonselected German
population with 200,000 inhabitants
(Detmold, East Westphalia) between
1997 and 2000. SH was defined as a
symptomatic event requiring intravenous
glucose or glucagon injection and was
confirmed by a blood glucose measure-
ment. To also detect atypical manifesta-
tions of SH, an initial blood glucose test
from venous whole blood was performed
in all 30,768 patients presenting to the
medical emergency department of the re-
gion’s central hospital and in 6,631 (85%)
of all 7,804 patients attended by the emer-
gency medical service in the region. The
diabetes prevalence in Germany on the
basis of pooled epidemiological data is
5%. Of these, 90% have type 2 diabetes,
while 6% have type 1 diabetes (1). There-
fore, in the investigated region with a
population of 200,000 there will have
been �9,000 type 2 and 600 type 1 dia-
betic patients. During the 4-year period,
264 cases of SH (blood glucose 33 � 17
mg/dl [SD]) were registered, comprising
14 (5%) cases of spontaneous hypoglyce-

mia, 92 (35%) cases in type 1, 146 (56%)
in type 2, and 10 (4%) in nonclassified
insulin-treated diabetic patients. This
corresponds to a rate of SH of 3.8/100
patients/year in type 1 diabetic patients
and 0.4/100 patients/year in type 2 dia-
betic patients. These figures do not in-
clude the nonclassified insulin-treated
diabetic patients. SH in type 1 diabetic
patients was probably underreported be-
cause in some cases appropriately trained
family members or carers would have
been able to effectively treat SH by admin-
istration of glucagon without calling a
doctor. Whereas 60% (55 of 92) of hypo-
glycemic patients with type 1 diabetes
were treated only at the scene of the emer-
gency by an emergency physician or in
the hospital emergency department, hos-
pitalization of patients with type 2 diabe-
tes was usually unavoidable (95% [ 141 of
148]). Factors that contributed to inpa-
tient treatment were poor general condi-
tion, concomitant disease requiring
treatment, fractures and injuries sus-
tained in connection with the hypoglyce-
mia, and the need for monitoring in the
70 patients with sulfonylurea-induced
hypoglycemia. Due to advanced age
(76 � 12 vs. 44 � 17 years; P � 0.0001)
and comorbidity (comedication 3.6 � 2.6
vs. 1.0 � 2.1 drugs; P � 0.0001), hypo-
glycemic individuals with type 2 diabetes
spent considerably more time in hospital
than type 1 diabetic patients (9.5 � 10.6
vs. 2.3 � 5.3 days; P � 0.0001). The total
annual costs of SH including ambulance
attendance ($391 per item), treatment by
emergency physicians ($115 per item),
hospitalization ($220 per day), and out-
patient treatment ($22 per item)
amounted to $44,338/100,000 inhabit-
ants in type 2 diabetic patients and
$8,129/100,000 inhabitants in type 1 di-
abetic patients.

SH is a common, cost-intensive com-
plication of diabetes. Due to the high
prevalence of type 2 diabetes there was a
greater total number of events in type 2
than in type 1 diabetic patients. We be-
lieve that the medical and socioeconomic
significance of SH in this specific group
has been underestimated.
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Psychological Impact
of Changing the
Scale of Reported
HbA1c Results Affects
Metabolic Control

HbA1c has been an invaluable tool for
the monitoring of long-term com-
plications in type 1 and type 2 dia-

betes. However, in spite of the wide
international use of HbA1c, there has been
a substantial lack of harmonization among
methods (1). Both the Diabetes Control
and Complications Trial (DCCT) (2)
and the U.K. Prospective Diabetes Study
(UKPDS) (3) used the same method for
analysis of HbA1c and, with the help of the
National Glycohemoglobin Standardiza-
tion Program (NGSP), many HbA1c meth-
ods have been standardized to the results
reported in these landmark trials (4). Pure
reference material and reference methods
for HbA1c have been under development
for many years by the International Fed-

eration of Clinical Chemistry (IFCC) (5)
and are now in the final stages (6).

From a clinical point of view, it is es-
sential that HbA1c test results can be
traced to the DCCT/UKPDS results where
the relationships to risk for vascular com-
plications have been established. Several
experts have recommended that HbA1c

should be reported in “DCCT-equivalent”
percentage units (7,8) in order to avoid
the confusion of adding another scale of
numbers.

We evaluated the effect on a diabetic
patient population of raising the reference
scale up to the DCCT level in 1992 and
then down to the Swedish national stan-
dard in 1997.

All patients at our center who had ac-
quired diabetes at least 3 years before the
change in 1997 and who had follow-up
HbA1c readings for at least 2 years after
the change were included in this study.
We retrospectively collected chart data
from 49 children and adolescents born
between 1971 and 1989 who had their
diabetes onset between September 1984
and October 1994. All participating pa-
tients have used intensive insulin therapy
with four to six multiple daily injections
since 1987. HbA1c results within 2 years
of diabetes onset were not included to re-
move any influence of the remission
phase. Before 1992, our samples were
sent to the local laboratory that used a
Mono S HPLC method (Pharmacia, Swe-
den) with a normal range of 3.0–4.6%

(9). In 1992 we began using the DCA
2000 (Bayer Corporation) for HbA1c mea-
surements (normal range 4.1–5.7%) (10),
which is calibrated to be traceable to the
DCCT reference. The relationship be-
tween the Mono S and DCA 2000 num-
bers was as follows at that time: (Mono
S � DCA � 0.869 
 0.34). In 1997 the
calibration of our DCA 2000 was adjusted
to be aligned with the Swedish national
standard (normal range with DCA 2000
3.1–4.6%); the relationship to the origi-
nal DCA 2000 results was follows: (Mono
S � DCA � 0.973 
 0.908).

A seasonal effect with higher HbA1c

toward the end of the year can be seen
(Fig. 1), as described earlier (11). After
switching methods in 1992, patients re-
ceived results that were 1.4% higher
(mean of 24 paired samples) due to the
change in calibration. However, after
�9–12 months, the mean HbA1c level
had decreased �0.5% from the expected
level, i.e., patients’ glycemic control had
actually improved. In 1997 when the na-
tional Swedish standard was introduced
(12), the calibration of our DCA 2000 an-
alyzer was adjusted to a level �1.1%
lower. Although HbA1c results first de-
creased beyond the level expected based
on the calibration change, several months
later, patients’ HbA1c results increased,
i.e., patients’ glycemic control had actu-
ally deteriorated.

Why does the glycemic control of this
population change 9–12 months after a

Figure 1—HbA1c in percentage numbers as patients have seen them. The dashed lines indicate the expected change in HbA1c due to the change in
reference level (1.4 and 1.1% difference) in 1992 and 1997. Bars indicate � SE. N refers to number of patients.
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change in HbA1c calibration? It seems as if
persons and families with diabetes were
aiming at a certain level of HbA1c that had
been rather stable throughout the years
(13). When the numbers changed, we
emphasized this to our patients, educat-
ing them as to which levels the new values
referred. However, in spite of repeated in-
formation on this, the HbA1c levels drifted
back toward the previous level by �0.5%
on both occasions. This suggests that the
psychological impact of the absolute
numbers is very high when small changes
are made to the patients’ reference levels.
Two to three years after the change in ref-
erence level, the average level in the pop-
ulation stabilized close to the expected
original level, indicating psychological
acceptance of the new HbA1c scale (pa-
tients diagnosed after the HbA1c change
will not be affected by older reference lev-
els). Other factors that may have influ-
enced these changes in HbA1c include the
introduction of rapid-acting insulin ana-
logs in 1996, long-acting analogs in 2001,
and a slight (0.1–0.2% HbA1c) change in
calibration of the DCA 2000 analyzed in
1998.

The new international calibrator will
be an important step for global harmoni-
zation of HbA1c. However, the major
question is if we should change the num-
bers that are presented to our patients
with diabetes or just the reference for lab-
oratory calibration (14,15). The new
IFCC international calibration was ini-
tially thought to be at �1% below the
DCCT level, but after further work, the
level is now �1.5–2% lower than DCCT
and 0.5–1% lower than the present Swed-
ish level (16). Our data indicate that if we
were to introduce this lower level to pa-
tients, there is a considerable risk of a de-
terioration in metabolic control of the
magnitude of 0.5% for at least 2–3 years.
Approximately one thousand HbA1

months were needed (on average) for ad-
vanced complications to develop in a
study on childhood-onset diabetes (17).
The above-mentioned change in HbA1c is
equivalent to �15 HbA1c months in one
individual, perhaps a small figure in terms
of the number of A1c months needed for
advanced complications. However, in the
DCCT, a 10% reduction in HbA1c (e.g.,
from 7.0 to 6.3% HbA1c) was associated
with a 39% reduction in risk for retinop-
athy (18). Thus, it is likely that the in-
crease of 0.5% HbA1c observed in our

patient population indicates a clinically
significant increased risk for development
and/or progression of diabetic complica-
tions, causing both a substantial burden
for the individual patient and a consider-
able additional cost for the health care
system.

In conclusion, these data show a pos-
itive effect on the metabolic control in our
patients when the HbA1c reference level
was adjusted up to the higher DCCT level.
On the contrary, a considerable deterio-
ration of metabolic control was induced
when patients were presented with HbA1c
results on a lower scale, as would happen
if the new IFCC number scale would be
used to report HbA1c results to patients.
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Forgot to Fast?

The importance on plasma glucose
values

W e have recently shown that by us-
ing a casual plasma glucose value
of �5.5 mmol/l as a cut point for

screening, the yield of newly diagnosed
diabetic subjects and those with impaired
glucose tolerance (IGT) is greatly en-
hanced in comparison to using 6.5 or 7.5
mmol/l as cut-points for diagnostic as-
sessment using the 1999 World Health
Organization (WHO) criteria (1–3). In
lowering this screening cut point for ca-
sual measurement, factors such as the
time of eating before this test on the result
may be relevant to its utility and warrant
investigation.

A total of 4,876 high-risk subjects,
identified from 50,859 individuals partic-
ipating in the Australian Diabetes Screen-
ing Study (1), provided fasting plasma
glucose (FPG) and 2-h plasma glucose
(2hPG) test results to confirm diabetes
and IGT status. High risk was defined as
having either two or more symptoms
and/or two or more diabetes risk factors,
casual plasma glucose values of �5.5
mmol/l, and no known diabetes (2). The
time between when the subjects last ate
and the casual plasma glucose test was
calculated in minutes and grouped into
hour blocks (0–360 min). Subjects were
diagnosed as having diabetes or IGT using
the 1999 WHO criteria (3).

A casual plasma glucose of �5.5
mmol/l yielded a positive diagnosis of di-
abetes in 557 subjects (20%) and of IGT
in 776 subjects (28%) �2 h after eating.
Within 0–2 h of eating, the diagnostic
yield of diabetes was less (316 subjects,

15%) but IGT rate similar (541 sub-
jects, 
26%). In subjects with risk factors
for diabetes, a casual plasma glucose of
�5.5 mmol/l generates a similar propor-
tion of IGT cases irrespective of time since
eating.

Eating within 2 h of a casual glucose
test in comparison to after 2 h resulted in
a significantly higher level (7.09 � 1.66
vs. 6.6 � 1.38 mmol/l, respectively).
However, if the screening cut point was
raised for subjects who had consumed
food within 2 h to 6.5 mmol/l, this would
have yielded 249 (23%) diabetic subjects
and 295 (25%) subjects with IGT. Raising

the casual plasma glucose threshold to 7.5
mmol/l would yield 187 (33%) diabetic
subjects and 157 (28%) subjects with
IGT. Despite the fact that consuming food
within 2 h of a casual glucose test results
in significantly increased values, the 5.5
mmol/l cut point identified an additional
67 subjects (27%) with frank diabetes. It
is also important to note that the 5.5
mmol/l cut point almost doubled the
number of subjects with IGT in compari-
son to the 6.5 mmol/l cut-point, and the
number tripled if 7.5 mmol/l was chosen
as a cutoff.

Thus the 5.5 mmol/l cut point seems
to be valuable irrespective of the time
since eating, as it results in early identifi-
cation of subjects with IGT, which may
aid in the prevention of the micro- and
macrovascular complications associated
with diabetes.
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The Role of
Hemochromatosis
C282Y and H63D
Gene Mutations in
Type 2 Diabetes

Findings from the Rotterdam Study
and meta-analysis

D iabetes is a disease commonly
found in patients with hemochro-
matosis (1). The hemochromatosis

C282Y and H63D mutations in the HFE
gene are associated with increased iron
stores (2), which in turn are associated with
glucose intolerance and insulin resistance
(3). Whether these HFE mutations play an
important role in the pathogenesis of type
2 diabetes is still a matter of controversy.

We have studied the frequencies of the
C282Y and H63D mutations in 254 sub-
jects with glucose intolerance, 220 pa-
tients with type 2 diabetes, and 595
normoglycemic individuals (control sub-
jects), all derived from a population-
based cohort study (Rotterdam Study)
(4). Glucose levels were measured by the
hexokinase method in fasting and post-
load serum samples, and participants
were classified as diabetic, glucose intol-
erant, or normoglycemic (4). Genotyping
for the C282Y and H63D mutations was
carried out as previously described (5).

In our population-based sample, we
observed that 26 (10.5%) subjects with
glucose intolerance, 24 (11.0%) with type
2 diabetes, and 61 (10.6%) control sub-
jects were carriers of the C282Y mutation.
For the H63D mutation, 65 (26.0%) glu-
cose-intolerant subjects, 56 (25.7%) type
2 diabetic patients, and 168 (28.5%) con-
trol subjects were carriers. Also, the num-
ber of homozygotes for the H63D
mutation in glucose-intolerant patients
(1.7%) and in type 2 diabetic patients
(1.8%) was similar to that seen in control
subjects (1.5%). There were too few ho-
mozygotes for the C282Y mutation
among glucose-intolerant (n � 2) and di-
abetic patients (n � 1) to yield reliable
results.

Because of the low frequency of the
C282Y mutation, we reanalyzed all pub-
lished association studies between the
HFE mutations and type 2 diabetes in a
meta-analysis. Our meta-analysis in-
cluded 12 studies for the C282Y mutation
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and 8 studies for the H63D mutation.
There was no evidence for heterogeneity
(�2� 18.5, 11, P � 0.07) between stud-
ies. Of 2,630 type 2 diabetic patients, 225
(8.6%) were carriers of the C282Y muta-
tions compared with 327 of 3,437 control
subjects (9.5%), yielding an odds ratio
(OR) (95% CI) of 1.0 (0.8–1.4), suggest-
ing no association between C282Y and
the risk of diabetes. When studying the
C282Y homozygosity, there was no sig-
nificant association to diabetes (1.1 [0.6–
2.3]). For the H63D mutation, 559 type 2
diabetic patients of 1,889 (29.6%) and
690 control subjects of 2,524 (27.3%)
were carriers, yielding an OR of 1.1 (1.0–
1.3). The frequency of H63D homozygos-
ity was modestly increased (1.2 [1.1–
2.3]) in type 2 diabetic patients,
suggesting no major effect of the H63D
mutation on type 2 diabetes.

In conclusion, there was no evidence
for an increased frequency of the C282Y
or H63D mutations in patients with im-
paired glucose intolerance or type 2 dia-
betes in our population-based sample or
in the meta-analysis. Also, the findings of
our meta-analysis suggest that the role of
HFE mutations in the pathogenesis of di-
abetes in the general population is limited.

OMER T. NJAJOU, PHD1

BEHROOZ Z. ALIZADEH, MD1

NORBERT VAESSEN, MD, PHD1,2

JEANNETE VERGEER, BSC1

JEANNINE HOUWING-DUISTERMAAT, PHD1

ALBERT HOFMAN, MD, PHD1

HUIBERT A.P. POLS, MD, PHD1,2

CORNELIA M. VAN DUIJN, MD, PHD1

From the 1Genetic Epidemiology Unit, Department
of Epidemiology & Biostatistics, Rotterdam, the
Netherlands; and the 2Department of Internal Med-
icine, Erasmus Medical Centre, Rotterdam, the
Netherlands.

Address correspondence to Omer T. Njajou, Ge-
netic Epidemiology Unit, Department of Epidemiol-
ogy & Biostatistics, P.O. Box 1738, Rotterdam, 3000
DR, the Netherlands. E-mail: njajou@lycos.com.

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

References
1. Phelps G, Chapman I, Hall P, Braund W,

Mackinnon M: Prevalence of genetic
hemochromatosis among diabetic pa-
tients. Lancet 8657:233–234, 1989

2. Whitfield JB, Cullen LM, Jazwinska EC,
Powell LW, Heath AC, Zhu G, Duffy DL,
Martin NG: Effects of HFE C282Y and
H63D polymorphism and polygenic
background on iron stores in a large com-
munity sample of twins. Am J Hum Genet
66:1246–1258, 2000

3. Tuomainen TP, Nyyssonen K, Salonen R,
Tervahauta A, Korpela H, Lakka T,
Kaplan GA, Salonen JT: Body iron stores
are associated with serum insulin and
blood glucose concentrations: population
study in 1,013 eastern Finnish men. Dia-
betes Care 20:426–428, 1997

4. Baan CA, Stolk RP, Grobbee DE, Witte-
man JCM, Feskens EJM: Physical activity
in elderly subjects with impaired glucose
tolerance and newly diagnosed diabetes
mellitus. Am J Epid 149:219–227, 1999

5. Feder JN, Gnirke A, Thomas W, Tsuchi-
hashi Z, Ruddy DA, Basava A, Dormishian
F, Domingo R Jr, Ellis MC, Fullan A, Hin-
ton LM, Jones NL, Kimmel BE, Kronmal
GS, Lauer P, Lee VK, Loeb DB, Mapa FA,
McClelland E, Meyer NC, Mintier GA,
Moeller N, Moore T, Morikang E, Wolff
RK, et al: A novel MHC class I-like gene is
mutated in patients with hereditary hemo-
chromatosis. Nat Genet 13: 399–408, 1996.

The Use of Alkali
Therapy in Severe
Diabetic
Ketoacidosis

T he use of bicarbonate in patients
with diabetic ketoacidosis (DKA) is
controversial (1), especially in pa-

tients with severe DKA (pH �7.0). Previ-
ous studies have shown that the use of
bicarbonate in patients with moderate
DKA (pH �7.0) is not associated with
better outcomes, when compared with sa-
line-treated control subjects (2–5), and
can generate lactate (3). The use of bicar-
bonate therapy in patients with severe
DKA has not been addressed adequately,
due to a lack of data on benefit or harm of
bicarbonate therapy in severe DKA, but
dogmatic use of bicarbonate still contin-
ues in such cases. In our initial random-
ized study, 5 of 11 patients had pH �7.0
(none below 6.9), but the outcome was no
different from the group of patients who
did not receive bicarbonate (4).

To examine this issue we evaluated
records of 41 patients with DKA who
were admitted to the medical intensive
care unit at the Regional Medical Center,
The University of Tennessee, between
July 1999 and December 2000. We iden-
tified 5 DKA patients (group 1) with pH
�7.0 (mean pH 6.85 � 0.09) and com-
pared their responses to treatment with
36 case subjects (group 2) with pH �7.0
(7.15 � 0.11). The admission glucose

and biochemical parameters were not sig-
nificantly different between the two
groups. All patients were treated with a
low-dose insulin infusion protocol (1).
Four of the five patients with severe DKA
received a small initial dose of intrave-
nous bicarbonate (50 mmol), whereas
none of the patients with pH �7.0 re-
ceived bicarbonate therapy. One patient
with severe DKA died during the hospital
stay. She was admitted with pneumonia,
sepsis, and multi-organ failure and re-
ceived bicarbonate therapy for her acido-
sis. Of the remaining four cases who
survived, three received 50 mmol bicar-
bonate each and one did not. The admin-
istration of bicarbonate therapy did not
appear to have an impact on the time for
resolution of DKA or hospital length of
stay in the four patients when compared
with the patients who did not get bicar-
bonate. However, the number of subjects
was too few to draw any meaningful con-
clusion on the utility of bicarbonate.
There was no mortality in group 2.

Our review of present cases showed
that 12% of patients admitted to the hos-
pital with DKA had pH �7.0. This clearly
indicates that the number of patients with
severe DKA is large enough to merit a
comprehensive study on the efficacy of
bicarbonate therapy. Furthermore, the
cardiac and, especially, the left ventricular
status of such patients is not known (6).
This controversial subject could only be
settled by evidence-based studies under a
prospective randomized protocol, which
at this time is not available.
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Alternative-Site
Blood Glucose
Measurement at the
Abdomen

A lternative sites for self-monitoring
of blood glucose (SMBG) (e.g., fore-
arm, abdomen, calf, or thigh) are

currently being introduced in clinical
practice (1). However, blood glucose
(BG) concentrations by these methods
may differ from those by traditional fin-
gertip pricking (2–4). In an elegant study,
Jungheim and Koschinski (3) demon-
strated that BG measurements, at the fore-
arm by three commercially available
devices, showed a less steep increase after
an oral glucose load and a delayed decline
after insulin administration. In addition,
Ellison et al. (4) showed similar findings,
which were less adequately followed at
the forearm after a standardized meal.

Given the patients’ preference for al-
ternative-site SMBG, an appreciation
mainly based on the avoidance of painful
fingertip pricking (1), clinical application
will certainly ensue and, thereby, will in-
troduce a new problem, i.e., what glucose
value is actually measured and how does
this relate to reference values?

We compared capillary BG taken at
the fingertip (Glucotrend; Roche Diag-
nostics, Mannheim, Germany) and the
abdominal wall (Freestyle; Disentronic,
S’ulzbach, Switzerland) in 12 healthy
nondiabetic males (age 25 � 11 years
[mean � SD], BMI 23.7 � 3.5 kg/m2).

The participants arrived at the outpatient
clinic after an overnight fast. They were
clamped on their fasting BG by a varying
glucose infusion and received an intrave-
nous insulin infusion of 30 mU � kg
1 �
h
1. After 60 min, the glucose infusion
was stopped and BG was allowed to drop
to near hypoglycemic levels. Then, after
BG was increased by intravenously ad-
ministered glucose (20% by weight,
0.15 � body weight � 12 [ml]), which
was intended to increase BG 12 mmol/l
above the actual BG level, the glucose in-
fusion rate was increased. BG was mea-
sured every 5 min at the abdomen and
fingertip. This was done every minute for
15 min after the sudden increase in BG.
The agreement in fingertip and abdomi-
nal BG measurements during the gradual
decrement and the sudden increment in
BG levels was evaluated by repeated mea-
surement ANOVA. Abdominal BG mea-
surement adequately followed the decline
in BG measured at the fingertip (see fig-
ure). In contrast, abdominal BG concentra-
tions were 10–18% lower than fingertip
BG the first 15 min after the rise in BG
(P � 0.01, see figure).

Our finding that an increase in BG
was less well followed by abdominal BG
measurements supports the contention
of Jungheim and Kochinsky (3) that alter-
native-site SMBG differs from classic fin-
ger pricking. It illustrates the existence

of tissue-specific differences in glucose
kinetics, and we previously noted that
distribution effects may play a role in
abdominal BG measurements (6,7). Ob-
viously, compartment-dependent glucose
characteristics should be taken into ac-
count with alternative-site SMBG. One
solution is adjustment of glucose values
generated from alternative sampling sites
(forearm, abdomen, thigh, or calf) to ar-
terial or nearby fingertip capillary values,
known as the golden reference, and this
was actually done in the report of Jung-
heim and Koschinski (3). Another ap-
proach could be that BG measurements
are interpreted according to the site-
specific characteristics. For instance, hy-
poglycemic episodes were more pro-
tracted in abdominal subcutaneous adi-
pose tissue (8), suggesting that clinically
relevant tissue glucopenia may be over-
looked by conventional BG measure-
ments. This illustrates that alternative
sites may be preferable as they may better
reflect tissue glucose homeostasis. There-
fore, we challenge the view that fingertip
capillary BG is the only reference in de-
noting BG excursions. We are entering a
new era of BG monitoring with the first
available glucose sensors that will provide
us with a wealth of data on previously
unavailable BG excursions, but at the same
time confront us with compartment-

Figure 1—Fingertip and abdominally measured capillary blood glucose concentrations after a
gradual decline and sudden increase in blood glucose level. *P � 0.01.
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specific differences in BG concentrations
from traditional fingertip pricking.
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COMMENTS AND
RESPONSES

The Long-Term
Effects of Self-
Management
Education for
Patients With Type 2
Diabetes on
Glycemic Control

Response to Norris et al.

W e read with interest the recently
published meta-analysis by Nor-
ris et al. (1), which focuses on the

effects of diabetes self-management edu-
cation (DSME) on glycemic control in
adult patients with type 2 diabetes. They
report that this intervention decreases pa-
tients’ GHb levels by 0.76% at immediate
follow-up, by 0.26% at the 1- to 3-month
follow-up and by 0.26% at �4 months of
follow-up. They conclude in both this
meta-analysis and their previous systemic
review (2) that DSME alone moderately
but significantly improves GHb levels in
the short term but that its long-term ef-
fects still need to be determined in a study
of randomized controlled intervention.

As part of the Japan Diabetes Compli-
cations Study (JDCS), we have been eval-
uating the long-term effects of DSME for
�5 years in 2,205 adult patients with type
2 diabetes. Our study is longer and in-
volves more patients than any of the trials
included in the meta-analysis by Norris
et al. Ours is a randomized, controlled,
multicenter, intervention trial that aims to
evaluate the effects of DSME. The trial in-
volves 59 institutes specializing in diabe-
tes care, and the 3-year interim report will
be published shortly (3). In brief, we ran-
domly allocated patients with previously
diagnosed type 2 diabetes and HbA1c lev-
els of �6.5% into either an intervention
(INT) group or a control (CON) group.
The patients in the CON group received
regular conventional care before or dur-
ing the study period. Although changes in
medication were not restricted in either
group, there were no significant differ-
ences in terms of therapeutic contents be-
tween the CON and INT groups even after

3 years. The patients in the INT group
received DSME, which comprised all of
the categories that Norris et al. included
in their meta-analysis (1) and consisted
mainly of intensive lifestyle management
at each outpatient clinic visit and frequent
telephone counseling by trained diabetes
educators. Our results show that there are
small but significant differences in
HbA1c levels between the INT and CON
groups that are still maintained 3 years
after the start of intervention (CON group
7.78 � 1.27% vs. INT group 7.62 �
1.20%, P � 0.0023). Although the differ-
ence between the two groups is small, it
should be noted that a bias arising from
variations in the techniques of GHb mea-
surement, as discussed by Norris et al.
(1), does not exist in Japan, where a
highly standardized assay is used
throughout the country. Therefore, the
difference in the JDCS study is likely to be
a realistic measurement of the effect of
DSME intervention.

The improvement in GHb levels of
�1% seen in the results of the meta-
analysis (1), as well as in our longer-term
trial (3), seems to be clinically trivial and
disappointing as compared with medical
interventions (i.e., drugs or insulin). As
Norris et al. discuss in their article (1),
however, it is still clinically meaningful
because each 1% reduction in HbA1c lev-
els over 10 years has been shown to be
associated with a 37% reduction in the
risk of microvasular complications in the
U.K. Prospective Diabetes Study (UK-
PDS) (4). We expect that further meta-
analyses regarding differences in long-
term costs and the patients’ quality of life
between DSME and medications that
lower GHb levels will be carried out. In
the JDCS, however, the long-term effects
on lifestyle brought about by DSME and
the cost of its implementation are already
under analysis.

In summary, on the basis of the large-
scale JDCS trial, we can conclude that the
moderate but significant improvement ef-
fected by DSME on the glycemic control
of adult patients with type 2 diabetes is
maintained even in the long term.
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Editor’s Comment:
“It Ain’t
Necessarily So”

A s much as we may wish to believe
that diabetes education per se leads
to improved long-term glycemic

outcomes, the evidence is not particularly
strong. The review by Norris et al. (1), to
which the letter by Sone et al. (3), above,
is addressed, and an earlier one by Clem-
ent (2) do not support this contention.
Likewise, neither does the accompanying
letter by Sone et al. (3). They contend that
the 0.16% difference in HbA1c levels after
3 years between an intervention group re-
ceiving diabetes self-management educa-
tion and a control group receiving regular
conventional care in the Japanese Com-
plications Study would be “clinically
meaningful because each 1% reduction in
HbA1c levels over 10 years has been
shown to be associated with a 37% reduc-
tion in the risk of microvascular compli-
cations in the U.K. Prospective Diabetes
Study (UKPDS) (4).” Unfortunately for
the hypothesis, it is an average reduction
of 1% in HbA1c levels per year over 10
years—not a cumulative decrease over 10
years—that leads to this favorable out-
come.

For those of you who remember try-
ing to prove mathematical theorems, the
concepts of necessary and sufficient are
germane, in my view, to the situation con-
cerning diabetes education and glycemic
outcomes. Certain conditions are neces-
sary to prove theorems, but they won’t do

it by themselves. On the other hand, for
some theorems, if a specific condition is
met, it is sufficient to prove that theorem
all by itself. I think of diabetes education
as a necessary condition, but without an
appropriate management component, it
is not sufficient. On the other hand, with-
out appropriate education, a management
piece is usually not all that effective.
Therefore, in this analogy, the difficulty of
showing the effectiveness of diabetes self-
management education is that patients
often return to medical environments in
which appropriate management is lacking.
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