OBSERVATIONS

Critical Evaluation of
Models to Identify
Individuals With
Insulin Resistance

linical indexes of insulin resistance

(IR) have acquired increasing im-

portance with the development of
various drugs that improve endogenous
insulin action (1). Recently, the largest
database on insulin clamp studies has
been established. This database includes
2,321 subjects, of whom 2,138 are non-
diabetic (92%), from 19 sites worldwide
(2). Using classification trees, three mod-
els have been derived. Model 1 is based on
homeostasis model assessment of insulin
resistance (HOMA-IR) >4.65, BMI
>28.9 kg/m?, or HOMA-IR >3.60 and
BMI >27.5 kg/m”. Model 2 is based on
BMI >28.7 kg/m?, or BMI >27.0 kg/m*
and a positive family history of diabetes.
Model 3 is based on BMI >28.7 kg/m?,
BMI >27.0 kg/m” and a positive diabetes
family history, or triglycerides >2.44
mmol/l and a negative family history of
diabetes. These three models should all
accurately identify insulin-resistant indi-
viduals (2). We have evaluated the prev-
alence and characteristics of subjects with
IR based on these models using data from
the KORA Survey 2000, an oral glucose
tolerance test (OGTT)-based, population-
based survey in Germany (n = 1,352 in-
dividuals aged 55-74 years without
previously known diabetes) (3).

In the KORA Survey, proportions
(95% CI) with IR were 47.4% (44.7—
50.1), 45.8% (43.1-48.5), and 49.1%
(46.4-51.8) for models 1, 2, and 3, re-
spectively. Agreement of the models was
high (k coefficients 0.78-0.94). Al-
though HOMA-IR significantly increased
with worsening glucose tolerance (geo-
metric means [SDF]: normal glucose tol-
erance 2.17 [1.83], impaired glucose
tolerance [IGT] 3.39 [2.12], and newly
diagnosed diabetes 4.67 [2.16]; all P <
0.05), the sensitivities (0.67, 0.60, and
0.64 for models 1, 2, and 3, respectively)
and specificities (0.60, 0.59, and 0.56) of
the IR models for detecting IGT or diabe-
tes were only moderate. Model 1 included

HOMA-IR as a surrogate measure of IR. In
multiple age-sex—adjusted logistic regres-
sion including all three models, model 1
(odds ratio 4.3, 95% CI 2.8—-6.8) was
more closely related to IGT/diabetes (de-
pendent variable) than the others (model
2:0.5,0.2-1.1; model 3: 1.6, 0.7-3.4).

Overall, about one-third of the sub-
jects with IGT or previously undiagnosed
diabetes would not have been included
when applying the proposed rules for
identifying individuals with IR in our el-
derly population. This may indicate a lim-
ited diagnostic validity of the IR models,
because a large body of evidence shows
that IGT and type 2 diabetes are charac-
terized by moderate-to-severe IR (4). On
the other hand, defective insulin secretion
rather than IR may be present in some
subjects with IGT and type 2 diabetes (4).
This could partly explain the low sensitiv-
ities of the models to detect glucose dis-
orders in our population. In conclusion,
the recently proposed IR models need to
be further validated, using measures of
B-cell function across the whole range of
glucose intolerance, before they should
be incorporated into clinical trials and
clinical practice (2).
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C-Reactive Protein
for Cardiovascular
Risk Assessment

alik et al. (1) report on the useful-

ness of C-reactive protein (CRP)

in stratifying risk in patients with
the metabolic syndrome and diabetes.

Studies on normal volunteers showed
intraindividual variability, which in
~50% of individuals was sufficient to
change their CRP-related risk category
).

Bogaty et al. (3) have also demon-
strated what seems to be spontaneous
fluctuation of CRP in stable patients with
coronary artery disease (CAD).

Intraindividual biological variation
data for high-sensitivity CRP (hsCRP)
needs to be established for each individ-
ual before using the level to estimate risk
and prognosis.

Reliance on single or even the mean of
two measurements 2—4 weeks apart is
clearly unacceptable, and there is conflict
in the published literature regarding the
number of samples that should be tested
and the time span (3).

Many laboratories use conventional
CRP assays, which report levels <5 mg/l
as normal. These assays are obviously un-
suitable for risk assessment, as it now
seems that levels as low as 2 mg/l confer
additional risk (3,4). Laboratories should
be able to provide hsCRP assays for the
purpose of cardiovascular risk stratification.

CRP seems to be an important player
in the inflammatory component of ath-
erosclerosis and an independent predic-

DiaBETES CARE, VOLUME 28, NUMBER 7, JuLy 2005

1833



Letters

tor of adverse CAD outcomes (5,6).
Adding it formally to risk stratification
scoring methods would improve our abil-
ity to identify high-risk patients in both
primary and secondary prevention. Be-
fore adopting this strategy, it is important
to decide how many measurements
should be checked, over what interval,
and under what conditions.

Also, what weight should be given to
the presence of an elevated CRP? Should
it influence risk scores qualitatively, like
diabetes, or quantitatively, like systolic
blood pressure and cholesterol; the
higher the level, the higher the risk? How
should CRP level be incorporated into
standard scoring systems such as the Fra-
mingham risk score?

Until these issues are addressed, CRP
measurements should perhaps be re-
served for problematic or borderline
cases, where the decision to use an inter-
vention, whether medical or procedural,
is difficult.
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Age and A1C Are
Important Clinical
Predictors of
Continuvous
Subcutaneous Insulin
Infusion Efficacy in
Type 1 Diabetic
Patients

nly a few studies have reported a

long-term follow-up in a significant

number of patients using continu-
ous subcutaneous insulin infusion (CSII)
(1). Who stands to benefit more from this
costly insulin therapy is still unclear.

The aim of our observational, retro-
spective study was to evaluate the possible
predictors of the degree of improvement
of metabolic control with CSII in 82 con-
secutive type 1 diabetic patients (age
37.9 £ 13.4 years, 42 men and 40
women, duration of diabetes 19.7 = 9.9
years) who started CSII in the Diabetes
Unit of Bergamo Hospital between June
1999 and March 2004.

The patients had been treated with
multiple daily injection (MDI) therapy
(regular [n = 22] or rapid-acting analog
insulin [n = 60] before meals plus NPH
[n = 72] or glargine [n = 10] as basal
insulin) for at least 1 year. During CSII
treatment, lispro or aspart analogs were
used.

All patients were evaluated every 3
months both before and during CSII. The
mean duration of CSII treatment was
31.9 *= 14.5 months (range 4-55).

Only three patients discontinued CSII.
Every patient performed self-monitoring
of blood glucose (SMBG) (four to seven
daily determinations).

Data are expressed as means * SD.
The means of parametric data of the pe-
riod of MDI treatment were compared
with those of the CSII period using the
Student’s t test for paired data. The differ-
ences between groups were compared us-
ing the Student’s t test for unpaired data.

Compared with MDI therapy, HbA, .
(A1C) significantly decreased with 3
months of CSII therapy (CSII vs. MDI:
8.35 = 1.06 vs. 9.39 £ 1.35%, P <
0.001). The significant decrease of A1C
was maintained over the whole CSII treat-
ment with a mean change in A1C of
1.15 + 0.84% (P < 0.001).

During CSII treatment, as compared
with MDI treatment, there was a signifi-
cant decrease of severe hypoglycemic ep-
isodes (0.35 = 0.07 per patient/year
during MDIs vs. 0.10 % 0.02 during CSII,
P < 0.001) and insulin requirement
(52.1 = 17.5 units/day vs. 38.8 £ 12.3,
P < 0.001). CSII was not associated with
any significant increase in BMI. Incidence
of ketoacidosis was negligible during both
MDI and CSII treatment.

To evaluate the possible predictors of
CSII effect on A1C changes, multiple lin-
ear regression analysis performed on all
patients revealed that age (B = 0.16, P =
0.05) and baseline A1C (B = 0.21, P =
0.008) were independently associated
with A1C improvement after 3 months of
CSII(F = 5.41, adjusted R? = 0.28). BMI,
diabetes duration, insulin requirement,
and frequency of SMBG were unrelated to
A1C changes. Age and baseline A1C were
even better predictors of the mean A1C
changes during the whole follow-up pe-
riod (F = 11.87, adjusted R? = 0.48).

This observational, clinic-based study
of a significant number of type 1 diabetic
patients who represent all pump-treated
patients in the province of Bergamo, Italy,
confirmed that CSII significantly de-
creased A1C levels with respect to MDlIs,
as reported in a recent meta-analysis of 52
CSII studies (2). The reduction of severe
hypoglycemic episodes and the concom-
itant negligible frequency of ketaoacidosis
confirmed the safety of CSII (3-4).

Although most of our patients during
MDI treatment used rapid-acting analogs,
only a few used glargine as basal insulin. It
is possible that the extensive use of this
long-term analog during MDI treatment
would reduce the difference in metabolic
control, as suggested (5).

There are discordant data about the
persistence of initial lowering of A1C
achieved with CSII (6). Our data showed
that improved glucose control persisted
during the whole long-term follow-up pe-
riod, which was longer (mean duration
2.6 years) than most CSII studies.

Most important, our study demon-
strated that CSII was particularly advan-
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tageous in patients with the poorest
metabolic control, as suggested by a ran-
domized controlled trial that compared
CSII and MDI treatments using a rapid-
acting analog (7). In our population,
those with a baseline A1C >10% (n = 25)
had an average decline in A1C of 1.5 *
0.6%, significantly greater (P < 0.001)
than that observed in those with a base-
line value <8% (n = 16; average decline
0.6 £0.5%).

CSII was also more advantageous in
patients older than 50 years (n = 14; av-
erage A1C decline 1.45 = 0.7%) than in
those younger than 20 years (n = 11; av-
erage Al1Cdecline 0.5 = 0.8%; P < 0.01).
A similar observation suggested that CSII
is useful and safe in older adults with type
1 diabetes (8).

In conclusion, we suggest that in type 1
diabetic patients who have sufficient ability
to master CSII therapy, a poor metabolic
control, despite MDI therapy, and older age
are better predictors of CSII efficacy.

GIUSEPPE LEPORE, MD
ALESSANDRO R. DODESINI, MD
ItaLo NOsARI, MD

ROBERTO TREVISAN, MD, PHD

From the Diabetes Unit, Ospedali Riuniti Bergamo,
Bergamo, Italy.

Address correspondence to Dr. Giuseppe Lepore,
U.O. Diabetologia, Ospedali Riuniti di Bergamo,
Largo Barozzi, 1, 24128 Bergamo, Italy. E-mail:
glepore@ospedaliriuniti.bergamo.it.

© 2005 by the American Diabetes Association.

References

1. Linkeshova R, Raoul M, Bott U, Berger M,
Spraul M: Less severe hypoglycaemia, bet-
ter metabolic control, and improved qual-
ity of life in type 1 diabetes mellitus with
continuous subcutaneous insulin infu-
sion (CSII) therapy: an observational
study of 100 consecutive patients fol-
lowed for a mean of 2 years. Diabet Med
19:746-751, 2002

2. Pickup], Keen H: Continuous subcutane-
ous insulin infusion at 25 years. Diabetes
Care 25:593-598, 2002

3. Bode BW, Steed RD, Davidson PC: Reduc-
tion in severe hypoglycaemia with long-
term continuous subcutaneous insulin
infusion in type 1 diabetes. Diabetes Care
19:324-327, 1996

4. Boland EA, Grey M, Osterle A, Fredrick-
son L, Tamborlane W: Continuous sub-
cutaneous insulin infusion: a new way to
lower risk of severe hypoglycemia, im-
prove metabolic control, and enhance
coping in adolescents with type 1 diabe-

tes. Diabetes Care 22:1779-1784, 1999

5. Lepore G, Dodesini AR, Nosari I, Trevisan
R: Both continuous insulin infusion and a
multiple daily insulin injection regimen
with glargine as basal insulin are equally
better than traditional multiple daily in-
sulin injection treatment (Letter). Diabetes
Care 26:1321-1322, 2003

6. Plotnick LP, Clark LM, Brancati FL, Er-
linger T: Safety and effectiveness of insu-
lin pump therapy in children and
adolescents with type 1 diabetes. Diabetes
Care 26:1142-1146, 2003

7. DeVries JH, Snoek FJ, Kostense PJ, Ma-
surel N, Heine RJ: A randomized trial of
continuous subcutaneous insulin infu-
sion and intensive injection therapy in
type 1 diabetes for patients with long-
standing poor glycemic control. Diabetes
Care 25:2074-2080, 2002

8. Siegel-Czarkowski L, Herold KC, Goland
RS: Continuous subcutaneous insulin infu-
sion in older patients with type 1 diabetes
(Letter). Diabetes Care 27:3022-3023, 2004

Continuvous
Subcutaneous Insulin
Infusion Versus
Multiple Daily
Injections

Modeling predicted benefits in
relationship to baseline Alc

ith either continuous subcutane-
ous insulin infusion (CSII) or
multiple daily insulin injection
(MDII) therapy, the optimal meal insulin
is a rapid-acting analog (lispro or aspart).
To date, the efficacy of CSII versus MDII

Letters

therapy has been evaluated in a limited
number of randomized controlled trials
in which rapid-acting analogs were used
for both regimens. In this context, we re-
cently conducted a pooled analysis (1) us-
ing raw trial data from three such studies
undertaken in adults with type 1 diabetes
(2—4). This analysis suggested that CSII is
associated with better glycemic control,
particularly in those patients with poor
initial control. Indeed, the relative benefit
of CSII over MDII was found to increase
with higher baseline Alc. To provide di-
rect clinical context, we have now re-
analyzed this data to evaluate the impact
of CSII and MDII in relation to specific
baseline Alc categories using the pooled
dataset (139 patients representing 529
patient-months on MDII and 596 patient-
months on CSII).

Treatment effect on Alc was studied
using a mixed linear modeling approach
(MIXED procedure in SAS 9.1.3), with an
isotropic exponential spatial covariance
structure used to model intrasubject cor-
relation of the repeated measurements
and random effects used to model patient,
patient*treatment, study, and study*
month effects. All fixed and random ef-
fects were initially allowed to differ
between studies, with the Akaike Infor-
mation Criterion (AIC) approach used to
reduce model complexity. Fixed effects in
the final model included the following: 1)
baseline Alc, 2) treatment modality, and
3) the interaction between baseline Alc
and treatment effect.

These models predicted that, with
both MDII and CSII, the reduction in Alc
will progressively increase as baseline Alc
rises (Fig. 1). Importantly, however, CSII

Baseline A1c (%)
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Figure 1—The predicted relative benefit of CSII over MDII in lowering Alc increases as baseline

Alc rises. [], MDII; B, CSII.

DiaBETES CARE, VOLUME 28, NUMBER 7, JuLy 2005

1835



Letters

is predicted to achieve a greater reduction
in Alc at each level of initial glycemia.
Moreover, the relative benefit of CSII over
MDII in lowering Alc (i.e., difference in
treatment effect between the two modali-
ties) increases as baseline Alc rises. In-
deed, for a patient with an Alc of 12%,
CSII would be expected to reduce Alc by
a full 1% more than MDII.

In summary, this analysis extends our
earlier work by providing a quantitative
estimate of the anticipated reduction in
Alc associated with CSII and MDII ther-
apy, respectively, in relation to baseline
Alc. Importantly, the relative benefit of
CSII over MDII in lowering Alc increases
asbaseline Alcrises. This analysis has sig-
nificant clinical implications in that 1) it
provides an anticipated response to inten-
sive insulin regimens in adults with type 1
diabetes, and 2) it highlights the impor-
tance of baseline glycemic control as a fac-
tor to consider when choosing between
CSII and MDII therapy.

It should be noted that NPH insulin
provided basal replacement in MDII ther-
apy in the current analysis. Given the su-
perior basal pharmacokinetics of long-
acting analogs, future clinical trial
comparison between CSII and MDII us-
ing both rapid- and long-acting analogs
will be of great interest. Based on the cur-
rent findings, comparison of these treat-
ment modalities across a broad range of
baseline glycemic control would be par-
ticularly relevant.
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The Effect of Blood
Sample Volume on
11 Glucose
Monitoring Systems

he effect of variable blood sample
volume on the accuracy of 11 glu-
cose meters was studied to verify the
reliability of self-monitoring of blood glu-

cose. A total of 11 meters were assessed:
OneTouch FastTake, OneTouch Basic,
OneTouch Profile, and SureStep (Life-
Scan Canada, Burnaby, B.C., Canada);
AccuSoft Advantage and AccuSoft Man-
ager (Roche, Hoffman-LaRoche, Laval,
P.Q., Canada); Precision Pen and Preci-
sion QID (MediSense Canada, Missis-
sauga, ON, Canada); and Glucometer
Elite, Glucometer Elite XL, and Glucom-
eter DEX (Bayer, Toronto, ON, Canada).
Venous blood collected from 16 fasting
patients with diabetes was used to test
each meter brand in triplicate. Sample
volumes tested were of 1, 2, 3, 4, 5, 10,
and 20 pl. Each patient contributed to the
5-nl sample plus two other sample vol-
umes. The 5-pl volume, which is the
usual volume required by the manufac-
turer of most meters, was considered the
reference for comparison with other vol-
umes tested, thus excluding the con-
founding effects of hematocrit, humidity,
hypotension, and hypoxia. Several repli-
cates of each volume size were tested. The
number of times meters gave no result or
an error message was recorded. Results
were then calculated as percentages of the
reference value and considered accurate if
within 20% of the reference, as recom-
mended by the Food and Drug Adminis-
tration/National Committee for Clinical
Laboratory Standards (1). It has been rec-
ognized that most current meters do not
comply with the 5% accuracy recom-
mended by the American Diabetes Asso-
ciation (2—4).

All meters gave mostly nonmisleading

Table 1—Meter brands ranked by performance as estimated by Somers’ d statistic

Percentage of

misleading results

Percentage of
misleading results
at 1 pl (W/N)T

Somers’
d statistic¥

Meter brand at 2 pl* (/N)+
Precision QID 0 (0/14)
Precision Pen 7 (1/14)
AccuSoft Advantage 13 (2/16)
AccuSoft Manager 13 (2/16)
Glucometer Elite 0 (0/16)
SureStep 11 (2/18)
Elite XL 19 (3/16)
OneTouch Profile 75 (12/16)
Glucometer DEX 69 (11/16)
OneTouch Basic 81 (13/16)
OneTouch FastTake 22 (4/18)

0(07112) —0.01
0 (0/10) 0.02
0 (0/16) 0.03
6 (1/16) 0.05
31 (5/16) 0.13
44 (8/18) 0.14
25 (4/16) 0.14
6 (1/16) 0.17
19 (3/16) 0.20
19 (3/16) 0.22
44 (8/18) 0.22

*Results >20% from the reference value. tNumber of misleading results divided by the number of samples
tested. ¥Measures the degree to which more blood volume decreases the chance of a misleading result.
Calculation is based on all volumes tested (1, 2, 3, 4, 5, 10, and 20 ul).
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results (accurate result or error message) at
the 3-pl volume or above. However, below
the 3-pl volume, most meters gave mislead-
ing results (Table 1). At the 1-pl volume,
the mean calculated as a percentage from
the 5-pl reference volume varied between
40 and 68%. OneTouch Basic and FastTake
were the most likely to give a misleading
result for a smaller blood volume as shown
by Somers’ d statistic. Only four meters were
reliable at all volumes showing no associa-
tion with the Jonckheere tests: Precision
QID, Precision Pen, AccuSoft Advantage,
and AccuSoft Manager (data not shown).

Our results confirm that insufficient
blood sample volume remains potentially
amajor source of user error with many of
the current meters, including those with
built-in detection of insufficient blood
sample. Inaccurate results underesti-
mated the real glucose value. Patients
should be aware of this phenomenon
since falsely low readings may result in
unnecessary treatment of hypoglycemia
and weight gain.
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Anticraving Effects of
Topiramate in a
Diabetic Patient

opiramate is an effective antiepilep-

tic medication. It holds promise in

the care of diabetic patients by virtue
of its effect on weight loss (1). It is also
reported efficacious as an adjunct in the
treatment of alcohol dependence (2) and
in the management of binge-eating disor-
der (3). We report a case illustrating the
potential anticraving effects of topiramate
against chocolate, leading to significantly
improved glycemic control in an epileptic
patient with concurrent diabetes.

A 67-year-old woman presented to
the epilepsy clinic in September 2003 for
evaluation of “possible seizures” and was
subsequently treated with topiramate.
She also had an 11-year history of poorly
controlled diabetes and was a recovered
alcoholic for 30 years. Medications in-
cluded levothyroxine, repaglinide, acetyl-
salicylic acid, and atorvastatin. General
examination was remarkable for an obese
woman with clinical features of hypothy-
roidism. She weighed 194 pounds, and
neurological examination was significant
for symmetrical peripheral neuropathy.
Subsequent follow-ups were remarkable
for a moderate improvement in seizure
control, a total of 34 pounds weight loss,
and significant amelioration of her diabe-
tes. She ascribed the improved glycemic
control to her recent aversion to choco-
lates and sweets, which she claimed had
occurred since starting the topiramate.

Initial blood work was remarkable for
a fasting blood glucose of 14.3 mmol/l
(normal 3.3-6.0 mmol/l) and HbA,_
(A1C) 0f 8.9% (normal 4.3-6.1%). Eight
months after starting the topiramate, her
fasting blood glucose was 6.1 mmol/l, and
A1C dropped from 8.9 to 6.1%. We
checked fasting blood glucose and A1C
every 3—4 months after initiating the topi-
ramate. Average fasting blood glucose and
A1C before introduction of topiramate
were 10.2 mmol/l and 8.4%, and 8
months later were 8.7 mmol/l and 6.7%,
respectively. The dosage of repaglinide
was unchanged over the last 2 years. The
patient reported a significant aversion to
chocolate after starting the topiramate.

Topiramate is one of the preferred
agents in obese epileptic patients, and this
was one of the reasons for prescribing this

Letters

agent to our patient. The 34-pound
weight loss was most likely related to the
use of topiramate. Our patient reported a
very strong craving for chocolate in pre-
vious years, which together with her obe-
sity was apparently responsible for her
poor glycemic control. Topiramate is
known to cause weight lossin 15—20% of
patients, but the precise mechanism is un-
known. There is a possibility that the an-
ticraving effect may in part be responsible
for the weight loss.

Topiramate is known to be efficacious
as an adjunct treatment for alcohol de-
pendence and in the treatment of binge-
eating disorder. The proposed mechanism
is facilitation of y-amino-butyric acid ac-
tivity and inhibition of glutamate function
in the mesocorticolimbic dopamine path-
ways (2). Similar mechanisms may be re-
sponsible for the anticraving effects noted
in our patient. Dietary noncompliance
can adversely affect glycemic control. Al-
though some patients are aware of this
fact, they are unable to avert this craving
without pharmacological support, thus
leading to failure of oral hypoglycemic
agents. By virtue of its potential to cause
weight loss, topiramate deserves consid-
eration when treating diabetic patients
with epilepsy. Our case illustrates the pos-
sibility of another potential mechanism, its
anticraving effect, which would support
topiramate as a useful adjuvant in the treat-
ment of diabetes.
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COMMENTS AND
RESPONSES

Diabetes Is the Main
Factor Accounting for
the High Ferritin
Levels Detected in
Chronic Hepatitis C
Virus Infection

Response to Lecube et al.

e read with interest the article by

Lecube et al. (1) regarding the

strong association they observed
between diabetes and serum ferritin in
chronic hepatitis C. We sought to analyze
the contribution of biochemical, meta-
bolic, and histological parameters to high
ferritin levels detected in hepatitis C.

We investigated a large consecutive
series of 177 patients with chronic hepa-
titis C who underwent a diagnostic liver
biopsy. Serum ferritin was tested in a uni-
variate analysis against demographics,
biochemical parameters, and histological
features. Patients with cirrhosis or with
any alcohol intake were excluded. The
median age of the patients was 48.4 years
(range 19-71) and 97 (54.8%) were men.
Using the same cutoff values of Lecube et
al., serum ferritin was raised in 92 cases
(52.0%). The prevalence of impaired glu-
cose tolerance or diabetes was 9.6% (17
cases) in our series. Overall, 66 patients
(37.3%) had mild fibrosis (FO-F1) and
111 patients (62.7%) had moderate to se-
vere fibrosis (F2-F3) according to META-
VIR. Hepatic iron deposits were found in
68 patients (38.4%). Hepatic steatosis
was detected in 132 patients (74.6%). Se-
rum ferritin correlated by univariate anal-
ysis with male sex (P = 0.05), BMI (P =
0.0001), aspartate aminotransferase and
alanine aminotransferase levels (P =
0.003 and P = 0.0009, respectively),
v-glutamyl transferase levels (P <
0.00001), hepatic iron (P < 0.00001),
and hepatic steatosis (P = 0.01). No cor-
relation between serum ferritin and fast-
ing glucose could be observed. Moreover,

no significant difference in serum ferritin
was observed in patients with impaired
glucose tolerance or diabetes in compari-
son with other patients.

The following considerations arise
from the comparison of our data with
those reported by Lecube et al. First,
mean serum ferritin in our study was
much higher than that observed by
Lecube et al. even if we excluded cirrhosis
and alcohol consumption. Second, preva-
lence of diabetes was much higher (21.7%)
in the Spanish series compared with our
own cohort, probably because Lecube et
al.’s study was conducted in a tertiary refer-
ence center for both diabetes and hepatitis
C. Third, we did not observe any associa-
tion between raised serum ferritin and dia-
betes. In chronic hepatitis C there are many
conditions that could elevate serum ferritin
such as necroinflammation, steatosis, and
hepaticiron deposition (2). In our series, we
found an association with metabolic factors
and with markers of inflammation. On the
other hand, there was also a strong associa-
tion with proper hepatic iron deposition.

We can therefore conclude that the in-
crease of serum ferritin in chronic hepatitis
C could be linked to diabetes, as Lecube et
al. have clearly suggested, but the pathogen-
esis is multifactorial. The weight of different
determinant factors on the elevation of fer-
ritin depends on their prevalence in the an-
alyzed series of patients.
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Diabetes Is the Main
Factor Accounting for
the High Ferritin
Levels Detected in
Chronic Hepatitis €
Virus Infection

Response to Sebastiani et al.

fter reading the comments by Se-

bastiani et al. (1) on our article (2)

regarding the association between
diabetes and ferritin in chronic hepatitis C
virus (HCV) infection, we would like to
make the following comments. In con-
trast to our results, the authors did not
find any relationship between serum fer-
ritin levels and glucose abnormalities in
HCV-infected patients. However, it
should be noted that the number of pa-
tients included in our study was much
larger and, thereby, a statistical multivar-
iate analysis considering sex (a major con-
founding factor) could be performed. In
addition, because in our study a group of
diabetic patients without HCV infection
and a group of anti-HCV-negative nondi-
abetic control subjects were analyzed, we
were able to conclude that the increase in
ferritin levels detected in HCV patients
was closely related to the presence of di-
abetes (2). Another concern of Sebastiani
et al. is the high prevalence of diabetes in
our population (21.7%). Although some
influence could be attributed to the ter-
tiary reference center setting of our study,
it ismore important to note that the HCV-
infected patients included in our study
were ~10 years older that those reported
by Sebastiani et al. In addition, our results
agree with a previous study by our group
that specifically addressed this issue (3).
Concerning the higher serum ferritin lev-
els detected in Sebastiani et al.’s popula-
tion, it should be emphasized that most of
the patients included in their study ap-
pear to have been in more advanced
stages of chronic hepatitis than those in
our study. Moreover, we are unaware
whether they had ruled out hemochroma-
tosis. Finally, we did not deny that there
are other factors apart from diabetes ac-
counting for the high serum ferritin levels
detected in HCV-infected patients. In
fact, the relationship between alanine
aminotransferase and serum ferritin levels
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observed by Sebastiani et al. in univariate
analysis was also observed by us in a mul-
tiple regression analysis (2). However, in
light of our results, it would appear that
diabetes is not only associated with higher
serum ferritin levels but also is a signifi-
cant factor accounting for the higher fer-
ritin levels detected in HCV-infected
patients.
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Glycemic Index,
Glycemic Load, and
Glycemic Response
Are Not the Same

he paper by Hodge et al. (1) pub-

lished in the November 2004 issue

of Diabetes Care aptly contrasts the
potential benefits of moderately high-
carbohydrate diets with a low glycemic
index (GI) versus diets that have a lower
glycemic load (GL) by virtue of a low car-
bohydrate content. In their prospective
analysis of a cohort of ~36,000 adults fol-
lowed for 4 years, Hodge et. al found that

higher-carbohydrate diets were associ-
ated with a lower risk of development of
type 2 diabetes. However, the type of car-
bohydrate was equally important: low-Gl
carbohydrates reduced the risk, while
high-GI carbohydrates increased the risk.
Thus, low GI and low GL are not equiva-
lent and produce different clinical out-
comes.

Because this issue may be confusing
to some readers, it is important to clarify
the difference between GI and GL. Both
the quality and quantity of carbohydrate
determines an individual’s glycemic re-
sponse to a food or meal (2). By defini-
tion, the GI compares equal quantities of
available carbohydrate in foods and pro-
vides a measure of carbohydrate quality.
Available carbohydrate can be calculated
by summing the quantity of available sug-
ars, starch, oligosaccharides, and malto-
dextrins. As defined (3), the GL is the
product of a food’s GI and its total avail-
able carbohydrate content: glycemic
load = [GI X carbohydrate (g)]/100.

Therefore, the GL provides a sum-
mary measure of the relative glycemic im-
pact of a “typical” serving of the food.
Foods with a GL =10 have been classified
as low GL, and those with a value =20 as
high GL (4). In healthy individuals, step-
wise increases in GL have been shown to
predict stepwise elevations in postpran-
dial blood glucose and/or insulin levels
).

It can be seen from the equation that
either a low-Gl/high-carbohydrate food
or a high-Gl/low-carbohydrate food can
have the same GL. However, while the
effects on postprandial glycemia may be
similar, there is evidence that the two ap-
proaches will have very different meta-
bolic effects, including differences in
B-cell function (6), triglyceride concen-
trations (7), free fatty acid levels (7), and
effects on satiety (8). Hence, the distinc-
tion has important implications for the
prevention and management of diabetes
and cardiovascular disease. Our concern
is that the use of the GL or “glycemic
response” in isolation may lead to the
habitual consumption of lower-
carbohydrate diets.

The simplest way to consume a mod-
erately high-carbohydrate, but low-GI
diet is to follow the new 2005 Dietary
Guidelines for Americans (9) and to in-
corporate the recommendations of the
World Health Organization/Food and
Agriculture Organization (10); that is, the

GI should be used to compare foods of
similar composition within food groups.
By choosing the lower-Gl options within
afood category (breads, breakfast cereals,
etc.), an individual automatically chooses
those with a lower GL. Because most fruit
and vegetables, other than potatoes, are
not major contributors to carbohydrate
intake, their GI should not be the basis for
restriction.

The important message for clinicians,
nutritionists, and food industry profes-
sionals is that the evidence, as it stands,
suggests that for preventing type 2 diabe-
tes, we ought to encourage low-GI carbo-
hydrate foods but not those that simply
have low “net carbs,” low GL, or produce
a low glycemic response.
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o=Glucosidase
Inhibitors for
Patients With
Type 2 Diabetes

Response to van de Laar et al.

he authors of the Cochrane system-

atic review carefully analyzed all

available studies that fulfilled the
criteria of randomized clinical trials of at
least 12 weeks’ duration (1). With the ex-
ception of one study (2), all registered
mortality and morbidity as secondary ob-
jectives. Glycemic control was the pri-
mary objective in 40 of 41 of these trials.
Thus, the major legitimate conclusion of
this careful analysis was that “AGIs
[a-glucosidase inhibitors] have clear ben-
eficial effects on glycemic control” mainly
through their dose-dependent effect on
postprandial hyperglycemia.

However, the authors also state as one
of their main conclusions that they “found
no evidence for an effect on mortality or
morbidity.” Although this statement may
be mathematically correct, it is misleading
as it purports to be based on a solid anal-
ysis of the data from the 41 studies. This s
not the case in their meta-analysis. Most

of the selected trials had a treatment pe-
riod of =24 weeks; many were of
3-month duration only and were there-
fore not designed and powered to inves-
tigate hard clinical end points such as
morbidity or mortality. This is well re-
flected by the fact that, as reported by the
authors, information on morbidity or
mortality could only be retrieved in 3 of
the 41 trials. While one study showed a
significant treatment effect regarding car-
diovascular events, the others presented
only general statements without provid-
ing any detail. It is well known that sam-
ple sizes of individual clinical trials are
often too small to detect clinically impor-
tant effects reliably and that this is one of
the reasons why meta-analysis is em-
ployed (3,4). However, hard end points
such as cardiovascular mortality are going
to be very rare in short-term duration stud-
ies unless compensated for by a huge
population sample. Therefore, including
short-term duration studies in their meta-
analysis dilutes the cases of cardiovascular
mortality. That biases the interpretation of
the data analyzed.

The MERIA (MEta-analysis of Risk
Improvement under Acarbose) analysis of
seven placebo-controlled, long-term, ran-
domized studies examining the effect of
acarbose on cardiovascular-related mor-
tality and morbidity showed a reduction
of cardiovascular events in patients with
type 2 diabetes (5). This analysis is based
on all available acarbose studies with a
minimum treatment duration of 52 weeks
from a database including individual pa-
tient data. Because of this, publication and
selection bias were already ruled out, as
discussed in the response (6) to the criti-
cism raised by van de Laar and Lucassen.
Unfortunately, the same criticism voiced
previously is repeated in their meta-
analysis without taking the detailed re-
sponse into consideration. In summary,
the MERIA analysis showed a beneficial
effect on cardiovascular complications in
patients with established type 2 diabetes,
a finding which is in accordance with the
results from the STOP-NIDDM trial in sub-
jects with impaired glucose tolerance (7).

We fully agree with the authors’ state-
ment that prospective trials with the
primary objective of investigating cardio-
vascular events and mortality are required
to confirm the beneficial effect of acarbose
on cardiovascular events in these high-
risk populations. However, the combined
data from the STOP-NIDDM trial and the

MERIA meta-analysis are highly sugges-
tive of the preventive effects of acarbose
on cardiovascular complications in sub-
jects with glucose intolerance.
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Response to Hanefeld et al.

anefeld et al. (1) assert that the con-
clusion (“no evidence for an effect
on mortality or morbidity”) from
our systematic review on the effects of
a-glucosidase inhibitors for patients with
type 2 diabetes was biased. Furthermore,
they claim to have found evidence for
such an effect based on their own meta-
analysis. We disagree with both statements.

First, we would like to underline that
the solid basis of our results is a systematic
review and that meta-analyses were only
applied when this was methodologically
sound. The extensive search for all possi-
ble trials investigating a-glucosidase in-
hibitor monotherapy yielded only one
study with prospectively collected data on
morbidity or mortality (2), so a meta-
analysis could not be done with these end
points; therefore, we concluded that no
evidence for an effect on mortality and
morbidity could be found (which is es-
sentially different from “evidence for no
effect”). In the above-mentioned study, it
was reported that for the entire treatment
group (a-glucosidase inhibitors given
both as monotherapy and as additional
therapy), no effects of acarbose on cardio-
vascular end points were found.

This makes it quite remarkable that
this particular study (2) was not included
in the MERIA (MEta-analysis of Risk Im-
provement under Acarbose) study (3).
Hanefeld et al. assert that this meta-
analysis shows a beneficial effect of acar-
bose on the occurrence of myocardial
infarctions. If it had been included in the
MERIA study, it would have been the
study with the second longest duration, it
would have nearby doubled the number
of patients, and it would have been the
only study with a sound method of col-
lecting end points. This points to the fact
that the sole use of a manufacturer’s data-
base is not a reliable method for the selec-
tion of studies for a meta-analysis and that
an extensive systematic review is neces-
sary to reduce the risk of selection bias.

Other differences between the con-
clusions of MERIA and our Cochrane re-

view can be explained by differences in
inclusion and methodological robustness.
Three of the seven studies in MERIA were
also included in our Cochrane review, but
no reliable data on cardiovascular out-
comes could be obtained. The four other
publications were excluded from our re-
view, mainly because no data on a-gluco-
sidase inhibitor monotherapy were
available or accessible. Moreover, it should
be noted that there was no quality assess-
ment of the studies included in MERIA.
Other serious concerns about the MERIA
study were expressed in our previous let-
ter and remain largely unresolved (4).

In conclusion, there is currently no
evidence for an effect on cardiovascular
morbidity and mortality of monotherapy
with a-glucosidase inhibitors in patients
with type 2 diabetes. In the near future,
indirect evidence may be derived from
another Cochrane review on the effects of
a-glucosidase inhibitors for patients
with glucose intolerance (5). We are
pleased that the authors of the main stud-
ies in this field already have assured their
cooperation.
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Chromium
Supplementation
Does Not Improve
Glucose Tolerance,
Insulin Sensitivity, or
Lipid Profile: A
Randomized,
Placebo-Controlled,
Double-Blind Trial of
Supplementation in
Subjects With
Impaired Glucose
Tolerance

Response to Gunton et al.

e read the recent article by Gun-

ton et al. (1) with great interest

and feel that it warrants com-
ment. In this study, the authors stated
that they “found no beneficial effect of
chromium supplementation in the treat-
ment of people with IGT [impaired glu-
cose tolerance].” The results are in
conflict with other clinical studies that
showed chromium picolinate can en-
hance or normalize impaired glucose me-
tabolism, as described in a recent review
(2). The lack of effect described by the
authors may be explained by the apparent
low dose of elemental chromium used in
the study.

The authors stated that the chromium
picolinate “dose (at 800 wg/day) was at
the higher end of the ranges used in pre-
vious studies” (1). However, chromium
picolinate administered at 800 g per day
yields a daily dose of 100 ng per day of
elemental chromium (i.e., chromium pi-
colinate contains 12.4% elemental chro-
mium). An elemental chromium dose of
100 pg a day is half of the suggested min-
imum amount (200 ng) of elemental
chromium previously shown to exhibit
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efficacy in glucose and lipid metabolism
(2). A daily dose of 200-1,000 pg of ele-
mental chromium, as chromium picoli-
nate, is the efficacious dosage range used
in previous studies.

Bullivants Natural Health Products,
the supplier of the study products used by
the authors, stated that 400 wg of the
chromium picolinate product they pro-
duce yields 50 g of elemental chro-
mium. The study was conducted in
Australia, and the 50-jg elemental chro-
mium dose is also the maximum daily
dose allowed by the Australian Therapeu-
tic Goods Administration (3).

It was also interesting to note that al-
though the serum chromium levels signif-
icantly rose in the active group, the serum
chromium levels were not significantly
higher in the active group than in the pla-
cebo group after 3 months of supplemen-
tation (active group 5.2 * 8.9 nmol/l,
placebo group 4.4 * 4.0 nmol/l). For
these reasons, we believe study subjects in
the active group may have been adminis-
tered daily doses of 50 pg elemental chro-
mium, twice daily.

We recommend future studies be
conducted in people with impaired glu-
cose tolerance (following criteria defined
by the American Diabetes Association)
using daily doses of chromium picolinate
providing =200-1,000 g of elemental
chromium for at least 90 days. We also
recommend evaluating efficacy using the
75-g oral glucose tolerance test with cal-
culation of the area under the curve using
the trapezoidal method.

James KoMOROWSKI, MS
VUAYA JUTURU, PHD

From the Technical Services & Scientific Affairs De-
partment, Nutrition 21, Inc., Purchase, New York.

Address correspondence to Vijaya Juturu, PhD,
Nutrition 21, Inc., 4 Manhattanville Rd., Purchase,
NY 10577. E-mail: vjuturu@nutrition21.com.

The authors are employees of Nutrition 21, Inc.,
which manufactures products containing chro-
mium.
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Response to Komorowski and
Juturu

e thank Komorowski and Juturu

(1) for their interest in our study,

and we agree that it is possible
that higher doses of chromium may show
some effects. The subjects in this study
received 100 g of elemental chromium
daily, administered as 800 pg of chro-
mium picolinate, for 3 months. The small
increase in serum chromium in the active
group is probably appropriate for this
dose. It is worth noting that significant
uncertainty remains regarding how best
to measure whole-body chromium status,
as there are no well-defined outcomes to
allow determination of a therapeutic
range. This unfortunately includes assay-
ing of serum.

The Australian Therapeutic Goods
Administration daily dose recommenda-
tion was adopted in 2004 and is based on
concerns about the safety of higher doses
as raised by the Complementary Medi-
cines Evaluation Committee (2), includ-
ing two reports of renal failure (3,4). Our
study commenced before 2003 and was

scientifically reviewed by our local ethics
committee.

We do not agree that the results of the
study conflict with the literature. Studies
of chromium supplementation in nondi-
abetic subjects and people with normal
glucose tolerance, insulin resistance,
and/or impaired glucose tolerance (IGT)
have not produced any consistent bene-
fits, as reviewed by Cefalu et al. (5), Yeh et
al. (6), Althuis et al. (7), and Gunton et al.
(8). In contrast, some studies in subjects
with diabetes have shown significant ben-
efits (5,8), and further studies in this
group will be of great interest.

Our study was conducted in people
diagnosed with impaired glucose toler-
ance according to the American Diabetes
Association criteria. Efficacy was also
evaluated using area under the curve dur-
ing glucose tolerance testing, but this was
also nonsignificant (data not shown). We
feel that at this dose, chromium picolinate
supplementation in subjects with im-
paired glucose tolerance is ineffective.

We note that Komorowski and Juturu
are affiliated with Nutrition 21, Inc.,
which markets chromium picolinate.
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The Case for Biennial
Retinopathy
Screening in Children
and Adolescents

Response to Maguire et al.

have read the article by Maguire et al.

(1) with interest. In a large, longitudi-

nal cohort of type 1 diabetic children
and adolescents, the study describes the
natural history and prevalence of retinop-
athy. Although not the main focus of the
article, their data also highlight two impor-
tant points. First, Maguire et al. highlight
the relationship between puberty and mi-
crovascular complications, as evidenced by
the significantly increased incidence of ret-
inopathy after 2 years’ follow-up in subjects
aged >11 years and after 5 years’ follow-up
in subjects aged <11 years. These findings
were independent of glycemic control. Sec-
ond, the study reveals that in 136 subjects
with evidence of retinopathy at outset, 64
(47%) regressed, after amedian of 3.1 years,
to either lower-grade retinopathy or to nor-
mal at the end of follow-up, although the

median age at which this occurs is not
given.

These data are comparable to the nat-
ural history of microalbuminuria as de-
scribed in longitudinal studies of children
and adolescents, including the Oxford
Regional Prospective Study in the U.K.
(2). In this study, puberty (using age 11
years as a surrogate marker for onset of
puberty) conferred a threefold increased
risk of microalbuminuria, independent of
poor glycemic control, and these data
have been in part confirmed by previous
studies from Couper et al. (3). This may
relate in part to pubertal hormonal vari-
ables, as recent evidence suggests that mi-
croalbuminuria risk in this age-group is
associated with growth hormone hyper-
secretion and insulin resistance, particu-
larly in females (4). Furthermore, in
~60% of subjects, microalbuminuria
subsequently regressed, and in these sub-
jects compared with those with persistent
microalbuminuria, mean HbA,_ levels
were similar before onset of microalbu-
minuria (median age 15.8 years) but were
lower thereafter. Thus, adolescent sub-
jects with regression may be individuals
in whom microalbuminuria initially man-
ifests during the poor glycemic control
and insulin resistant state associated with
puberty but demonstrate regression when
glycemic control improves in the postpu-
bertal period. One may hypothesize that
microalbuminuria may subsequently re-
appear in these “at risk” subjects in later
life; however, this remains unproven.

These same mechanisms may apply
to the pathogenesis and natural history of
retinopathy during adolescence. We hope
Maguire et al. will further detail the de-
mographic details and risk factors for pro-
gression and regression of retinopathy, as
adequate longitudinal data in this age-
group are currently lacking.
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The Case for Biennial
Retinopathy
Screening in Children
and Adolescents

Response to Amin

n response to the letter from Amin (1),

we provide further details on the risk

factors for progression and regression
of retinopathy in our natural history study
(2). Of 136 patients with retinopathy at
baseline, 72 progressed or persisted com-
pared with 50 patients (37%) who re-
gressed to no retinopathy and 14 who
regressed to a lower grade of retinopathy
after a median follow-up of 3.1 years in
both groups. Those who progressed or
persisted had longer duration (7.8 vs. 5.9
years, P = 0.0086) and higher HbA, . (9.1
vs. 8.5%, P = 0.034) at baseline and were
older at follow-up (18.1 vs. 17.4 years,
P = 0.037). In multivariate logistic re-
gression analysis of baseline factors, gly-
cemic control (P = 0.0057) and duration
of diabetes (P = 0.017) were significant
predictors of progression/persistence ver-
sus regression of retinopathy to normal,
these data are consistent with the Diabetes
Control and Complications Trial. Neither
high baseline BMI nor blood pressure per-
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centiles were significant contributors to
the incidence or progression/regression of
retinopathy.

We agree that our data support a re-
lationship between puberty and micro-
vascular complications (using age =11
years as a surrogate marker for puberty).
In this cohort, however, we did not find a
relationship between pubertal staging
and progression/regression of retinopa-
thy, but the small number (n = 13) of
prepubertal patients with retinopathy
prevented us from answering this ques-
tion. In addition, the permissive effect of
puberty, growth hormone, and IGF-1
may be more pronounced in the patho-
genesis of microalbuminuria than reti-
nopathy. When we studied an incident
cohort after 6 years’ duration, we found
that higher pubertal stage (Tanner stage
4-5 vs. 1-3) had a larger effect on eleva-

tion of albumin excretion than retinopa-
thy (odd ratios 5.2 vs. 3.4). The effect on
albumin excretion rate was independent

of HbA,. (3).
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