
OBSERVATIONS

Prevalence and Risk
Factors of Diabetic
Foot Problems in
Taiwan

A cross-sectional survey of non–
type 1 diabetic patients from a
nationally representative sample

About half of all nontraumatic lower
extremity amputations are per-
formed on diabetic patients (1,2),

and foot ulcers precede 71–84% of all
lower extremity amputations (3,4). In the
Caucasian population, 15% of diabetic
patients will develop a foot ulcer during
their lifetime (5), and 6–43% of diabetic
patients with a foot ulcer will eventually
progress to lower extremity amputation
(3,4,6). To this author’s knowledge, there
has not been any previous nationwide ep-
idemiologic survey on diabetic foot prob-
lems in Taiwan, and the clinical outcomes
of diabetic foot ulcers are still unknown.

To survey diabetic foot problems in
the Taiwanese population, a total of
16,994 non–type 1 diabetic patients were
randomly selected for telephone inter-
view from a group covered by the Na-
tional Health Insurance (�96% of the
total population is covered by this health
care system). They were questioned on
whether they had diabetic foot problems,
as indicated by ulcer, gangrene, or ampu-
tation on the lower extremities. Lifetime
prevalence was calculated, and various
risk factors were analyzed. A total of
12,531 case subjects (response rate
73.7%) were successfully interviewed.
Diabetic foot problems were present in
369 patients (prevalence 2.9%) with 540
initiating events. Ulcers represented
86.7% of all initiating events. Approxi-
mately 26.9% of the ulcers progressed to
gangrene or amputation, and ulcers pre-
ceded 71.9% of all amputations. In uni-
variate analyses, diabetic foot problems
were characterized by older age, male pre-
ponderance, longer duration of diabetes,
smoking, poorer glycemic control, more
insulin users, hypertension, hyperlipid-
emia, higher diastolic and systolic blood

pressure, lower education level, and liv-
ing in rural areas. In logistic regression,
the multivariate-adjusted odds ratios
(95% CI) were significant for men 1.461
(1.063–2.008); duration of diabetes
1.048 (1.033–1.063); insulin therapy
2.921 (2.199–3.881); education level (vs.
a high school education or higher) 1.450
(1.089–1.931) and 2.194 (1.543–3.121)
for elementary school and illiteracy, re-
spectively; ex-smokers �5 years versus
nonsmokers 1.645 (1.030–2.627); sys-
tolic blood pressure 1.019 (1.008 –
1.030); and hyperlipidemia 1.478
(1.117–1.956). In conclusion, diabetic
foot problems are present in 2.9% of Tai-
wanese non–type 1 diabetic subjects. Al-
though foot ulcers are less common
among Taiwanese than Caucasian sub-
jects, the outcomes are not better. Con-
ventional risk factors for atherosclerosis
are important, but particular attention
should be focused on patients with a
lower education level and those who use
insulin.
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Nonalcoholic Fatty
Liver Disease in
Saudi Type 2
Diabetic Subjects
Attending a Medical
Outpatient Clinic

Prevalence and general
characteristics

N onalcoholic fatty liver disease
(NAFLD) is a liver condition that is
being recognized with increasing

frequency, and it may progress to end-
stage liver disease (1). NAFLD can affect
any age-group and has been described in
most racial groups. In most series, the
typical picture is a middle-aged woman
(1). Obesity has the strongest association
with NAFLD, but regardless of BMI, the
presence of type 2 diabetes significantly
increases the risk and severity of NAFLD.
The prevalence of NAFLD in the general
population ranges from 13 to 15% (2).
The prevalence increases in subjects with
diabetes and with severe obesity and has
been reported to range from 25 to 75% or
even higher (3). In Saudi Arabia, a preva-
lence of 7–10% has been reported in the
general population (4,5). The aim of our
work is to determine the prevalence and
characteristics of NAFLD in Saudi type 2
diabetic subjects attending King Abdu-
laziz University Hospital. A sample of 116
patients was randomly selected over 1
year. All participants provided informed
consent before participation. The entire
sample had an abdominal ultrasound ex-
amination (using an ATL HDI 5000 ab-
dominal probe at 2.5–3 MHz) and liver
enzyme measurement performed. The
sonographic findings used to diagnose
NAFLD were diffuse increase in echoge-
nicity of the liver parynchyma, which is
assessed by absence of hyperechoic walls

L E T T E R S

DIABETES CARE, VOLUME 26, NUMBER 12, DECEMBER 2003 3351

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/26/12/3364/590344/3364a.pdf by guest on 10 April 2024



of the portal vein radicals, and absence of
interface between diaphragm and liver.
All radiological examinations were done
by the same radiologist. The upper limit
of normal liver size was 16 cm in the lon-
gitudinal plane; any measurement above
this was considered hepatomegaly. Mild
hepatomegaly was defined as liver size
�16–18 cm in the longitudinal plane.
Secondary causes of liver disease were ex-
cluded, in particular ethanol abuse (the
sample studied did not drink alcohol) and
use of drugs known to promote hepatic
steatosis. In patients with elevated liver
enzymes, those who used hepatotoxic
drugs were excluded.

The mean age of the study group was
54 � 12.8 years with a male-to-female
ratio of 1:2.6. The mean duration of dia-
betes was 8.85 � 6.18 years, mean BMI
was 30 � 5.5 kg/m2, and HbA1c was
7.9 � 1.1%. NAFLD was diagnosed in 64
(55%) subjects. Right upper quadrant
discomfort was reported in 11 of 64
(17%) subjects and elevated liver en-
zymes were found in 12 of 64 (19%).
Mean aspartate aminotransferase level
was 23.75 � 10.3 units/l (normal range
5–65 units/l), alanine aminotransferase
71 � 22.04 units/l (normal range 5–38
units/l), and alkaline phosphatase
112.62 � 58.13 units/l (normal range
35–136 units/l). Fifty-six (88%) subjects
had hepatomegaly as assessed by ultra-
sound, which was mild in two-thirds of
them. None of the patients without
NAFLD had hepatomegaly. The average
liver size was 17.2 � 3.1 cm in patients
with fatty infiltration and 13 � 2.4 cm in
non-NAFLD patients. A significant rela-
tionship was found between the presence
of NAFLD and female sex (P � 0.05). No
significant relationship was found be-
tween the presence of NAFLD and age,
duration of diabetes, or degree of glyce-
mic control. Multiple regression analysis
after adjustment for all factors and sex
identified obesity as an independent fac-
tor associated with the development of
NAFLD (P � 0.06).

Our results agree with those reported
in the literature. The natural history of
NAFLD has not been well defined, but it
seems to be determined by the severity of
histological damage (2). Hepatomegaly
with mild to moderate elevation in serum
levels of transaminases has been reported;
however, this doesn’t correlate with liver
histology (1,6). Future prospective stud-
ies need to clarify whether diabetic sub-

jects have the same natural history, i.e.,
whether they are affected by the same his-
tological changes or have other additional
factors that may play a role, such as insu-
lin resistance or type of treatment.

We can conclude that NAFLD, as de-
termined by ultrasound, is common in
Saudi type 2 diabetic subjects. As in re-
ports from other ethnic groups, female
sex and obesity were the two predomi-
nant features of patients with NAFLD in
Saudi Arabia. In this small cohort of pa-
tients, neither glycemic control nor dura-
tion of diabetes had any relationship with
fatty liver infiltration. This suggests that
factors other than hyperglycemia operate
to cause hepatic steatosis.
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Prospective Audit of
the Introduction of
Insulin Glargine
(Lantus) Into Clinical
Practice in Type 1
Diabetic Patients

Insulin glargine is a modified basal in-
sulin analog that has been recently in-
troduced, and following guidance from

the National Institute for Clinical Excel-
lence (NICE), it is now widely available in
the U.K. (1). Studies in type 1 diabetes
demonstrate that compared with NPH in-
sulin, fasting blood glucose and hypogly-
cemic episodes are reduced and patient
satisfaction is improved (2–7). To con-
firm whether these reported benefits are
also achieved in routine clinical practice,
we conducted a prospective audit of pa-
tients attending our diabetes clinic prac-
tice transferring to insulin glargine.

There were 83 patients with type 1
diabetes on multiple daily injection re-
gimes who were transferred from NPH in-
sulin to insulin glargine between July and
November 2002. Indications for transfer
were nocturnal hypoglycemia, morning
fasting hyperglycemia, the use of two
NPH injections, or patient request. Pa-
tient details, including glycemic control
(glucose concentrations and HbA1c lev-
els), were recorded. Patients completed a
questionnaire on the frequency of hypo-
glycemia (requiring corrective action by
patient) over the preceding month and se-
vere hypoglycemic episodes (requiring
assistance from a third party) over the 3
months preceding the initiation of insulin
glargine therapy. Patient assessments on
quality of life and well-being (Diabetes
Treatment Satisfaction Questionnaire and
Well-Being Questionnaire 28) (8,9) were
also performed. Patients were reassessed
after receiving insulin glargine for 3
months.

Morning blood glucose concentra-
tions and HbA1c levels fell significantly,
from 9.63 � 0.44 to 7.15 � 0.28 mmol/l
(P � 0.001) and from 8.24 � 0.16 to
7.86 � 0.11% (P � 0.006), respectively.
Total hypoglycemic episodes remained
unchanged after transferral to insulin
glargine. The number of severe hypogly-
cemic episodes was not statistically signif-
icantly different after transfer to glargine
from baseline values (from 15 to 7) (P �
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0.077). Aggregate scores for the Diabetes
Treatment Satisfaction Questionnaire,
which reflect satisfaction with treatment,
improved from 23.5 (0.68) to 28 (0.67)
(P � 0.001), whereas the score for unac-
ceptably high blood glucose values fell
from 3.53 (0.16) to 2.83 (0.17) (P �
0.002) with no significant change for un-
acceptably low blood glucose values
(from 2.43 [0.16] to 2.11 [0.14]) (P �
0.07). The scores for the Well-Being
Questionnaire 28 show significant im-
provements in patient-reported energy
levels (P � 0.001), diabetes-specific well-
being (P � 0.044), and total well-being
(P � 0.001), with significant reductions
in diabetes-related stress (P � 0.014).

Our results confirm that people with
type 1 diabetes on a multiple daily insulin
injection regime who transfer to insulin
glargine from isophane insulin have a sig-
nificant fall in their morning blood glu-
cose concentrations and HbA1c levels as
well as significant improvements in satis-
faction with their treatment and subjec-
tive well-being. The use of insulin
glargine appears to be advantageous for
some patients with type 1 diabetes.
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Self–Blood Glucose
Monitoring Practices

Do patients know and act on their
target?

S elf-monitoring of blood glucose
(SMBG) is a major advance in diabe-
tes care, but questions remain about

its exact role in type 2 diabetes (1). Stud-
ies conducted in large clinical practices
have shown a positive association be-
tween SMBG frequency and good glyce-
mic control in patients with type 2
diabetes. However, few attempts to de-
scribe the relationship between monitor-
ing and glycemic control have looked
beyond the frequency of testing to deter-
mine whether patients clearly understood
their target values and how they respond
to the information obtained from moni-
toring (2–4).

In a collaborative effort, the Great
Falls Clinic and the Montana Department
of Public Health and Human Services sur-

veyed a random sample of current
patients with diabetes (815 of 1,234 pa-
tients were selected) by telephone in Oc-
tober 2002, to assess their diabetes care.
Respondents were asked if they were cur-
rently taking insulin and/or oral antihy-
perglycemic medications and were
classified into three groups: those using
insulin with or without oral antihypergly-
cemic agents, those taking oral therapies
only, and those not currently taking any
diabetes medications. Respondents were
also asked about SMBG, “About how of-
ten do you check your blood for glucose
or sugar?” (the response categories for this
question were the number of times per
day, week, month, or year, or don’t know/
not sure, never, and refused to answer).
Respondents reporting any SMBG were
then asked, “What do you do with your
blood glucose or sugar readings when
they are too high? Do you adjust your
medication? Do you eat less food?” Re-
spondents who monitored were also
asked, “What do you do with your blood
glucose or sugar readings when they are
too low? Do you adjust your medication?
Do you take more food?” And finally,
those who reported any SMBG were
asked, “What is your target blood glucose
or sugar value?”

The most recent A1c values were
matched to the information collected
from the telephone survey. A1c testing
was performed by a central laboratory us-
ing the BioRad Variant II (BioRad, Her-
cules, CA), a high-pressure liquid
chromatography method (normal range
4.0 – 6.0%). Data analyses were con-
ducted using SPSS v10.0 software. Pear-
son �2 tests were used to compare SMBG
practices by medication type, and
Kruskal-Wallis tests were used to com-
pare the median A1c value among respon-
dents by SMBG target and medication
type. Nonparametric statistical tests were
used in these analyses because the A1c
values were not normally distributed.

Of the 815 patients, 61% completed
the survey. There were no statistically sig-
nificant differences between respondents
and nonrespondents by age (mean age
62.3 vs. 61.5 years, P � 0.49), sex (male
55 vs. 48%, P � 0.07), or by the last A1c
value (median A1c value 7.2 vs. 7.3%,
P � 0.12). Thirty-seven percent of re-
spondents used insulin (27% insulin
alone and 10% in combination with oral
agents), 49% used oral medications only,
and 14% were taking no antihyperglyce-
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mic medications. Respondents using in-
sulin were more likely to monitor daily
(52%) compared with those taking oral
medication only (30%) and those taking
no medication (7%, P � 0.001). Those
using insulin were also more likely to re-
port an SMBG target (88%) compared
with respondents taking oral therapy only
(70%) or those taking no medication
(42%, P � 0.001).

Among respondents using insulin, a
larger proportion of those reporting a
blood glucose target took some action
(i.e., adjusted medication and/or ate
more/less food) when their blood glucose
values were low compared with those
without a target (90 vs. 71%, P � 0.02).
However, there were no differences be-
tween the two groups regarding actions
taken when the glucose values were high
(86 vs. 77%, P � 0.27). Among respon-
dents taking oral medications only, those
with a blood glucose target were also
more likely than those without a target to
take some action when their blood glu-
cose values were low (63 vs. 46%, P �
0.03), but not when they were high (65
vs. 64%, P � 0.82). For respondents tak-
ing no medications, those with blood glu-
cose targets were no more likely to take
any action (i.e., eat more/less food) when
their blood glucose values were high (67
vs. 33%, P � 0.06) or low (50 vs. 40%,
P � 0.57) compared with those who did
not report a target.

The median target blood glucose
value reported was 120 (25th percen-
tile � 105, 75th percentile � 130). Indi-
viduals using insulin reporting targets
�120 had a significantly lower median
A1c values (median 7.3%) compared with
those with SMBG targets �120 (8.3) and
those with no target (8.7, P � 0.02).
There was a small but not significant dif-
ference in the median A1c values among
respondents taking oral medications in
those with targets �120 (7.1) compared
with those reporting targets �120 (7.3)
or those with no target (7.0, P � 0.07).
But, there were no differences in the me-
dian A1c values regardless of a reported
target or the level of the target among
those taking no diabetes medications (6.1
for each medication group, P � 0.29).

This is one of very few studies to look
beyond the frequency of SMBG and ask
how patients understood and utilized
their values before looking at the relation-
ship of monitoring to glycemic control.
Many patients with diabetes who moni-

tored did not know their blood glucose
targets. Among those taking insulin,
lower targets were clearly associated with
better metabolic control. The relation-
ships between targets and metabolic con-
trol were not as clear among patients
taking only oral medications or those tak-
ing no medications. However, our sample
was small, and we could not distinguish
recently diagnosed individuals from long-
term patients. The cross-sectional design
of this study precludes determining
whether awareness of glycemic targets led
to better glycemic control versus achiev-
able targets that were tailored to each pa-
tient’s level of glycemic control (e.g.,
patients in poor control were given high
and more achievable glycemic targets by
their provider). Longitudinal studies are
needed to address this issue.

Thus, the role of SMBG in type 2 di-
abetes will likely depend on both the ther-
apies used to control hyperglycemia and
what both patients and health care pro-
viders do with the values. Finally, the
SMBG frequency for individuals with type
2 diabetes to maintain optimal A1c levels
for a given therapy may be different from
the frequency needed to adjust therapy to
reach a target. (5) We have previously
shown that patients with diabetes did not
always know their A1c value or its mean-
ing (6). Similarly, in this study patients
with diabetes did not always have a clear
understanding of what blood glucose lev-
els they should be trying to achieve.
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The Cutoff Value of
Fasting Plasma
Glucose to
Differentiate
Frequencies of
Cardiovascular Risk
Factors in a Korean
Population

D iabetes and impaired glucose toler-
ance (IGT) are associated with in-
creased cardiovascular mortality.

Almost all studies, however, failed to de-
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tect evidence of the presence of a fasting
plasma glucose (FPG) threshold for risk of
cardiovascular disease that would clearly
identify groups with a low or high risk
(1,2). Some studies suggested that an FPG
of 5.4–5.7 mmol/l has been found to be
closer to a 2-h cutoff of 7.8 mmol/l both in
terms of the sensitivity for future diabetes
and in defining a category of similar prev-
alence to IGT (3,4). The interrelation-
ships between cardiovascular risk factors
and glucose levels may vary between dif-
ferent populations. Therefore, these find-
ings need to be tes ted in other
populations with different environmental
and genetic backgrounds.

The medical records of 54,623 sub-
jects (30,435 men and 24,188 women)
who attended the Health Promotion Cen-
ter in the Samsung Medical Center be-
tween 1998 and 2001 were examined for
this analysis. Obesity was defined as a
BMI �27 kg/m2. Hypertension was de-
fined as systolic blood pressure �140
mmHg, diastolic blood pressure �90
mmHg, and/or the current use of antihy-
pertensive drugs. Dyslipidemia was de-
fined as LDL cholesterol �4.1 mmol/l,
triglycerides �2.46 mmol/l, HDL choles-
terol �1.04 mmol/l, and/or current use of
antilipid drugs. Cases of previous history
of diabetes were excluded.

All study subjects were classified into
12 groups according to FPG (10 deciles of
normal fasting glucose [NFG]: NFG 1,
�4.56, n � 5,370; NFG 2, 4.57–4.72,
n � 4,495; NFG 3, 4.73–4.89, n � 6,321;
NFG 4, 4.90–5.00, n � 4,655; NFG 5,
5.01–5.11, n � 4,841; NFG 6, 5.12–5.22,
n � 4,503; NFG 7. 5.23–5.33, n � 4,233;
NFG 8, 5.34–5.50, n � 5,236; NFG 9,
5.51–5.72, n � 4,926; NFG 10, 5.73–
6.09, n � 4,230, IFG, 6.10–6.99, n �
3,587; and diabetes, 7.00 mmol/l, n �
2,226). Those with an FPG �4.56 mmol/l
formed the lowest group, and those with
FPG �7.0 mmol/l formed the highest
group. Frequencies of obesity in each
group were 5.2, 6.7, 8.2, 8.9, 9.2, 10.9,
11.1, 12.9, 14.5, 17.0, 19.0, and 20.3%,
respectively. Those of hypertension were
11.3, 13.2, 15.0, 16.6, 18.2, 20.1, 22.9,
23.2, 27.4, 32.8, 37.8, and 37.4%, re-
spectively. Finally, those of dyslipidemia
were 25.0, 29.0, 31.5, 34.7, 36.3, 39.3,
41.7, 42.6, 47.5, 52.8, 58.6, and 67.0%,
respectively. After controlling for age and
sex and odds ratio (OR) for obesity, hy-
pertension and dyslipidemia in the IFG
group were 4.04 (3.43– 4.75), 2.80

Figure 1—ORs of obesity, hypertension, and dyslipdemia according to FPG value, with subjects
with FPG �4.56 mmol/l as the referent group. Data are ORs and 95% CI. *P �0.05; **P � 0.01
vs. subjects with one level lower FPG.
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(2.48–3.17), and 2.74 (2.47–3.04), re-
spectively, with FPG subjects �4.56
mmol/l (NFG1) as the referent group.
Those in the diabetes group were 4.29
(3.59–5.13), 2.65 (2.31–3.04), and 4.13
(3.66–4.67) (Fig. 1). Although there was
no clear cutoff point to differentiate the
risk of obesity, a threshold at an FPG
value of 5.34 –5.50 mmol/l was sug-
gested. For hypertension and dyslipide-
mia, more clear threshold values were
observed. The group with an FPG value of
5.51–5.72 mmol/l had a considerably
greater OR of hypertension and dyslipide-
mia than the group with an FPG value of
5.34–5.50 mmol/l.

The data clearly showed that even in
the NFG range, the level of fasting glucose
was closely related to the frequencies of
cardiovascular risk factors, including
obesity, hypertension, and dyslipidemia,
and strongly suggested the significance
of a concentrated effort to reduce the car-
diovascular risk factors in the earlier stage
of an FPG �6.10 mmol/l in a Korean
population.
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Safety Issues on
Metformin Use

W e read with interest the letter by
Faichney and Tate (1) in the May
issue of Diabetes Care. We would

like to comment on metformin and the
risk of lactic acidosis; however, we do not
have data to refute the hypothetical rele-
vance of diabetic ketoacidosis to the risk
of lactic acidosis (1). We believe that the
aforementioned letter and relevant re-
ports (2–4) may negatively affect the fu-
ture use of metformin, not only in type 1
(1) but also in type 2 diabetic patients. In
this regard, the report by Horlen et al. (2),
which addressed physicians’ lack of
adherence to metformin prescribing pre-
cautions, was received with strong oppo-
sition in the medical media (5) following
the public support from the Associated
Press (www.aace.com).

Lactic acidosis has been linked to the
use of biguanides for decades. Although
phenformin had been pulled from the
market, metformin-associated lactic aci-
dosis has since been believed to be the
direct result of metformin use, especially
in situations likely to precipitate lactic ac-
idosis, e.g., congestive heart failure,
chronic renal insufficiency, shock, etc. Al-
though this “solid fact” of causative (etio-
logic) relation between metformin and
lactic acidosis has not been challenged
previously, recent relevant publications
have appeared in the literature (6–8). La-
lau and colleagues (6,7) found that met-
formin accumulation was not related to
either lactic acidosis or the associated
mortality in patients taking therapeutic
doses of metformin who developed lactic
acidosis in association with other precip-
itating conditions. Metformin overdose
was an exception, they reported (6); the
latter can cause genuine type B lactic aci-
dosis, but only a few such cases have been
reported (9). In the report on metformin-
associated lactic acidosis published by

FDA investigators (3), metformin levels
were not measured.

Rachmani et al. (8) have recently re-
ported no lactic acidosis in diabetic
patients who were continued on met-
formin over 4 years of follow-up; these
patients had traditional contraindications
(congestive heart failure, chronic renal in-
sufficiency, or chronic obstructive pul-
monary disease) to metformin use.
Furthermore, a recent meta-analysis of
176 studies with �35,000 patient-years
of follow-up found no cases of lactic aci-
dosis, although some of these studies in-
cluded patients with renal insufficiency
and cardiovascular conditions (4).

Finally, Jones and Macklin (10) have
recently reported that evidence suggested
it was time to amend the contraindication
“list” of metformin prescribing. They
pointed out that the limiting criteria for
the use of metformin in diabetes had
stemmed largely from reports in the
1970s of mortality and lactic acidosis as-
sociated with “phenformin.”

Therefore, one may wonder whether
metformin is an “innocent bystander” in
these clinically complex metformin-
associated lactic acidosis cases.

In conclusion, in view of the afore-
mentioned thoughts challenging the “ap-
parently well-established” etiologic role
of metformin in metformin-associated
lactic acidosis, and pending further re-
search, it is prudent to critically appraise
published reports on the issue. We be-
lieve that the average dose of metformin
currently used in clinical practice is rea-
sonably safe, even in the presence of mild
to moderate cases of the “traditional con-
traindications.” An exception to this is the
safe practice of holding metformin before
contrast studies and during acute, inter-
current illnesses.
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High Prevalence of
Peripheral Arterial
Disease but Low
Antiplatelet
Treatment Rates in
Elderly Primary Care
Patients With
Diabetes

A lthough diabetes is primarily a met-
abolic disorder, it is also a vascular
disease (1). We aimed to determine

the prevalence of peripheral arterial dis-

ease (PAD), comorbidity of atherothrom-
botic manifestations, and antiplatelet
treatment intensity among elderly dia-
betic patients in primary care, as previous
studies usually investigated smaller and
highly selected samples.

In this cross-sectional study, 344 gen-
eral practitioners throughout Germany
determined the ankle-brachial index
(ABI) of 6,880 consecutive, unselected
patients aged �65 years with bilateral
Doppler ultrasound measurements (2).
PAD was defined as ABI �0.9, or periph-
eral revascularization, or amputation be-
cause of PAD. Additionally, the World
Health Organization questionnaire on in-
termittent claudication was used to assess
symptomatic PAD. Coronary artery dis-
ease (CAD) events (infarction or revascu-
larization of coronary vessels) and
cerebrovascular disease (CVD) events
(stroke or revascularization of carotids)
were taken from the patient’s history. Di-
abetes was defined according to the clin-
ical diagnosis of the physician, and/or
HbA1c �6.5%, and/or intake of oral an-
tidiabetic medication, and/or application
of insulin.

There were 1,743 patients classified
as having diabetes; the median disease
duration was 6 years (1st and 3rd quartile:
2, 11), median HbA1c 6.6% (5.9, 7.3),
mean age 72.5 � 5.4 years, and 51.4%
were women. Patients with diabetes had,
in comparison with nondiabetic subjects,
a higher prevalence of PAD, defined as
ABI �0.9 (26.3 vs.15.3%, univariate
odds ratio [OR] 2.0 [95% CI: 1.7–2.3]),
intermittent claudication (5.1 vs. 2.1%,
OR 2.5 [1.9–3.4]), CAD events (16.1 vs.
10.6%, OR 1.6 [1.4 –1.9]), and CVD
events (6.8 vs. 4.8%, OR 1.4 [1.2–1.8]).

Only 57.4% of the diabetic patients
with previously known PAD (as the only
atherothrombotic manifestation) received
antiplatelet therapy with aspirin, clopi-
dogrel, or ticlopidine (which was similar
to nondiabetic patients, 54.4%; P �
0.63). If only CAD and/or CVD were
present, the treatment rates were 75.1%
for diabetic patients and 72.8% for non-
diabetic patients (P � 0.51), and if CAD
and/or CVD were present in addition to
PAD, rates were 81.8% for diabetic pa-
tients and 80.7% for nondiabetic patients
(P � 0.87).

Elderly patients with diabetes had an
increased risk for PAD and CAD and CVD
events compared with nondiabetic pa-
tients. However, the risk of PAD in dia-

betic subjects was substantially higher
than for one of the other atherothrom-
botic manifestations. In terms of anti-
platelet treatment, no difference was
found between diabetic and nondiabetic
patients. In addition, despite the well-
established benefits of antiplatelet ther-
apy in high-risk groups (3), patients with
PAD were less intensively treated than pa-
tients with CAD. In accordance with cur-
rent guidelines, efforts should be made to
substantially intensify secondary preven-
tion with antiplatelet therapy in patients
with symptomatic or asymptomatic PAD
(4).
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Patient and Provider
Congruence

M easures of effective diabetes man-
agement have traditionally in-
cluded either provider adherence

to best practice guidelines or clinical in-
dicators such as laboratory values (1).
This gives the clinical picture from the
provider’s viewpoint but leaves out the
patient perspective. This descriptive
study was designed to determine congru-
ence between rural patient self-reported
and provider-documented information
on American Diabetes Association (ADA)-
recommended guidelines for measure-
ment and control of HbA1c, blood pres-
sure, lipid levels, and preventive services
(2,3).

Provider medical record information
and patient questionnaires were matched
for 149 patients, 45 years of age and with
a diagnosis of type 2 diabetes, seen at four
rural health care facilities between Janu-
ary 1999 and August 2000. There were
significant differences (P � 0.05) be-
tween patients’ self-reports and providers
in multiple areas. The aggregate percent-
age of patients with an HbA1c measure-
ment was similar (57 vs. 54%) between
provider documentation and patient self-
report, respectively. When data were
matched by individual, i.e., both patient
and provider agree test was or was not
done, HbA1c congruence was 47%, blood
pressure measurement 79%, cholesterol
check 60%, pneumovax 53%, influenza
vaccination 44%, and eye examination
42%. A lack of congruence was evident in
preventive services. Patients reported a
significantly higher (P � 0.05) percentage
of influenza vaccinations (71 to 27%) and
pneumovax rates (58 to 33%) when com-

pared with provider information. Medical
records documented that 13% of patients
had a dilated eye exam in the past year but
82% reported having one and named the
ophthalmologist who performed it.

On chart review, 93% (n � 136) of
patients were on medication for diabetes
management, but patients self-reported
81% (n � 110). Thirty-six percent (n �
53) of patients were on a lipid-lowering
medication; 17 patients agreed, and 45%
(n � 40) of patients not on a documented
lipid-lowering agent thought they were.
Eighty-one percent (n � 72) of patients
with a diagnosis of hypertension were on
a medication to lower their blood pres-
sure, and 44 of these individuals (61%)
agreed.

Diabetes requires a lifelong commit-
ment to maintain control. To achieve this,
providers must implement clinical prac-
tice guidelines into patient care. Patients
must take an active role in their disease
management. The results of this study in-
dicate that these may not be happening in
rural areas. There was suboptimal pro-
vider implementation of ADA recom-
mended guidelines, limited patient
knowledge about testing and medication
use, and a disconnection between patient
and provider for preventive services re-
ceived. Diabetes is a complex metabolic
disease in which the reasoning behind
therapeutic goals can be difficult to un-
derstand. Changes in the traditional
model of care that increase patient educa-
tion and understanding of their disease
while improving provider adherence to
ADA guidelines are needed in rural areas.
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Maturity-Onset
Diabetes of the
Young (MODY)
Mutation in Type 2
Diabetes and Latent
Autoimmune
Diabetes of the Adult

Owen et al. (1) reported etiologic het-
erogeneity among 268 subjects
with type 2 diabetes, of whom

�10% had autoantibodies and �1% had
mutations in HNF1A (MODY3) encoding
hepatic nuclear factor-1	. We hypothe-
sized that maturity-onset diabetes of the
young (MODY) gene mutations would
also be found in subjects with latent au-
toimmune diabetes of the adult (LADA)
(2). We studied 37 Canadian subjects di-
agnosed with LADA (of whom 20 were
female) and 54 control subjects with type
2 diabetes (of whom 28 were female).
LADA was diagnosed when a type 2 dia-
betic patient concurrently had positive
autoantibodies against GAD and/or the
intracytoplasmatic domain of tyrosine
phosphatase–like protein, insulinoma-
associated protein (IA)-2, using validated
assays (sensitivity:specificity of 86:92%
for anti-GAD and 64:86% for anti–IA-2,
respectively [3,4]). Type 2 diabetic con-
trol subjects were negative for autoanti-
bodies by the same assays. Using
Student’s t test (for means � SD of quan-
titative traits) or �2 analysis (for discrete
traits), the LADA subjects were found to
be younger (44.4 � 14.3 vs. 51.6 � 12.6
years, P � 0.011) and leaner (BMI 28.7 �
6.5 vs. 32.8 � 6.7 kg/m2, P � 0.005), and
despite a tendency toward shorter disease
duration (24.8 � 23.8 vs. 34.8 � 27.7
months, P � 0.07), were more likely to
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receive insulin (59.5 vs. 22.1%, P �
0.0003) than type 2 diabetic control sub-
jects. Because most MODY mutations occur
within HNF1A (MODY3) or GCK
(MODY2) encoding glucokinase (5), we
then tested our hypothesis by sequencing
the promoter, exons, and �100 nucleotides
flanking each intron-exon boundary of
HNF1A and GCK as described (6) from
genomic DNA of all 91 subjects (�500 ki-
lobases sequenced in total). No subject had
a MODY3 mutation. However, each group
had one heterozygote for the MODY2 GCK
IVS3 �8G�A mutation (6), i.e., 2.7% of
subjects in the LADA group versus 1.9% of
type 2 diabetic control subjects (P � 0.65,
NS). This mutation was absent in 250 non-
diabetic control subjects. Thus, a small pro-
portion of subjects with either LADA or type
2 diabetes can also have a MODY gene mu-
tation.
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It Can Be Done

Editor’s comment: After reading Dr. Hood’s
results in an abstract for the 2003 American
Diabetes Association (ADA) meeting, I in-
vited him to write this letter. It serves to re-
mind clinicians caring for diabetic patients
that it can be done and to stimulate us to keep
trying and to not be satisfied with less than
the ADA’s evidence-based goals.

The American Diabetes Association
(ADA) has set standards of care that
include various metabolic targets

that are founded on evidenced-based
medicine (1). Despite the widespread dis-
semination of these targets, many patients
fail to obtain adequate control. There
have been progressive developments in
the understanding of type 2 diabetes and
its attendant risk for both microvascular
and macrovascular complications. With
the host of new treatments available to the
diabetes care team, the patient has an un-
precedented opportunity to adequately
control risk factors. Despite this exciting
state of affairs, many clinicians are not of
the opinion that these targets can rou-
tinely be met in clinical practice. One is
hard pressed to find published data doc-
umenting success in achieving these
goals. The purpose of this letter is to dem-
onstrate that many of the goals espoused
by the ADA may in fact be achievable in
the majority of patients with type 2
diabetes.

The following is a cross-sectional
study of the 452 active patients seen for
type 2 diabetes in a community-based en-
docrine practice during the months of
May through July 2003. These patients
had their first visit at least 6 months prior
and at least one other visit during the pre-
vious 6 months. Patients were referred for
comprehensive diabetes education at the
time of initial evaluation with follow-up
education as needed. Data are reported as
means � SD (range). The average age was
64.9 � 13.9 (11.4–92.4) years, and du-
ration of diabetes was 12.2 � 8.9 (1.0–

51.0) years. Women represented 57.7%,
Caucasians 83.4%, and African Ameri-
cans 13.9%. The average BMI was 34.1 �
8.1 kg/m2 (19.6–78.0), whereas waist cir-
cumference was 42.3 � 6.6 (27.0–65.3)
inches in women and 44.0 � 7.2 (31.0–
75.5) inches in men.

HbA1c was 6.38 � 0.90% (4.9–11.9)
with 85.4% of subjects falling in the
�7.0% range. The systolic blood pressure
was 124.0 � 15.0 mmHg (80–210) with
75.4% of subjects falling in the �130-
mmHg range. Diastolic blood pressure
was 68.2 � 10.7 mmHg (30–100) with
92.7% of subjects falling in the �80-
mmHg range. LDL cholesterol was
81.2 � 25.0 mg/dl (27.0–179.7) with
81.8% of subjects falling in the �100-
mg/dl range. Triglycerides were 158.3 �
129.0 mg/dl (20–2,046) with 59.3% of
subjects falling in the �150-mg/dl range.
HDL cholesterol in women was 54.0 �
14.5 mg/dl (25.2–113.0) with 56.2% of
subjects falling in the �50-mg/dl range.
HDL cholesterol in men was 45.0 � 11.4
mg/dl (25.9–95.0) with 59.2% of sub-
jects falling in the �40-mg/dl range. An-
tiplatelet therapy was prescribed to
94.2% of patients aged �30 years in
whom such therapy was not contraindi-
cated.

Goals that were readily attainable in-
cluded antiplatelet therapy, LDL choles-
terol, blood pressure, and HbA1c. More
problematic goals included triglycerides
and HDL cholesterol. Polypharmacy was
common, with an average of 5.1 � 2.0
(0–11) medications being used to treat
glucose, blood pressure, and lipids. The
multiplicity of risk factors, the difficulty
of long-term lifestyle changes, the com-
plexity and cost of pharmacologic regi-
mens, and the cost, time, and discomfort
of self-monitoring of blood glucose all
contribute to the difficulty in managing
this condition. The fact remains, how-
ever, that many of these goals are readily
attainable if all of the tools at our disposal
are used in an aggressive and systematic
fashion that blends science and clinical
judgment. The clinician’s belief in the im-
portance of these goals and an implacable
commitment to pursue them (with ag-
gressive polypharmacy, if necessary) are
essential.

ROBERT C. HOOD, MD, FRCP(C), FACE

From the Endocrine Clinic of Southeast Texas,
Beaumont, Texas.
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COMMENTS AND
RESPONSES

Glimepiride and
Serum Adiponectin
Level in Type 2
Diabetic Subjects

Response to Nagasaka et al.

W e read with interest the article by
Nagasaka et al. (1) reporting that
glimepiride, a new agent of sul-

fonylurea, has an increasing effect on cir-
culating adiponectin concentration,
which may play a role in mediating insu-
lin sensitivity. The authors demonstrated
that serum adiponectin concentration in-
creased significantly from 22.1 � 2.7 to
28.5 � 2.8 
g/ml after 3 months ’
glimepiride treatment. However, their
baseline level of serum adiponectin was
markedly higher than that of the Japanese
type 2 diabetic subjects reported by
Tsunekawa et al. (2) (22.1 � 2.7 vs.
6.61 � 3.06 
g/ml) in spite of higher BMI
(26.5 � 0.9 vs. 21.2 � 2.2 kg/m2) and
greater homeostasis model assessment of
insulin resistance (5.0 � 0.8 vs. 2.54 �
2.25), although both groups measured se-
rum adiponectin levels with Linco radio-
immunoassay kits (St. Charles, MO).

Recently, Hara et al. (3) reported the
association between single nucleotide
polymorphism (SNP) 276 of the adi-
ponectin gene and plasma adiponectin
levels, showing that the G allele at posi-
tion 276 was linearly associated with

lower plasma adiponectin levels (G/G:
10.4 � 0.85 
g/ml; G/T: 13.7 � 0.87

g/ml; and T/T: 16.6 � 2.24 
g/ml) in
Japanese subjects with higher BMIs. Here,
we measured serum adiponectin concen-
trations by human adiponectin enzyme-
linked immunosorbent assay kits (Otsuka
Pharmaceutical, Tokyo, Japan) in Japa-
nese diabetic patients and investigated the
influence of SNP 276 of the adiponectin
gene. A total of 101 type 2 diabetic sub-
jects (70 men and 31 women, aged
55.5 � 8.7 years) were studied (data are
means � SD). Twenty-eight subjects (20
men and 8 women, aged 55.2 � 6.5
years) had been treated with glimepiride
(daily dosage 1.5 � 0.6 mg) and 31 sub-
jects (22 men and 9 women, aged 60.2 �
6.3 years) with gliclazide (daily dosage
39.3 � 18.4 mg) for �6 months. The re-
maining 42 subjects (28 men and 14
women, aged 51.4 � 10.3 years) had
been treated with diet therapy alone and
without any hypoglycemic agents. BMI
(glimepiride group: 24.6 � 3.4 kg/m2;
gliclazide group: 24.3 � 3.1; and diet
group: 24.5 � 5.3), HbA1c (glimepiride
group: 7.2 � 1.2%; gliclazide group:
6.7 � 0.5; and diet group: 6.8 � 1.4),
homeostasis model assessment of insulin
resistance (glimepiride group: 3.3 � 2.3;
gliclazide group: 2.5 � 1.4; and diet
group: 3.1 � 2.0), and serum lipid levels
(data not shown) were not significantly
different among the groups. Serum adi-
ponect in levels in subjects with
glimepiride (5.34 � 2.82 
g/ml) and gli-
clazide (5.38 � 2.61 
g/ml) were signif-
icantly lower than that of the diet group
(7.31 � 4.87 
g/ml). The G allele fre-
quency of SNP 276 of the adiponectin
gene was 0.70. The serum adiponectin
levels were not different among the geno-
types at position 276 of the adiponectin
gene (G/G, n � 54 [53.5%]: 6.43 � 5.54

g/ml; G/T, n � 34 [33.7%]: 6.31 � 4.25

g/ml; and T/T, n � 13 [12.8%]: 5.70 �
2.00 
g/ml). After various treatments
were started, SNP 276 of the adiponectin
gene did not associate with significantly
different serum adiponectin levels.

Again, the serum adiponectin levels
after glimepiride therapy reported by Na-
gasaka et al. (1) were quite higher than
our results. Although cautious interpreta-
tion of our results is necessary because the
present study is cross-sectional and the
number of subjects is small, multiple
factors such as glycemic control per se,
obesity (4), polymorphisms of the adi-

ponectin gene (3), or peroxisome prolif-
erator–activated receptor-�2 gene (5)
may affect serum adiponectin concen-
tration. In addition, therapy with sulfo-
nylureas, such as glimepiride (1) and
gliclazide, is a possible affecting factor for
serum adiponectin level. Prospective and
large-scale studies are needed to clarify
the interactions between environmental
factors or therapeutic interventions and
genetic factors on serum adiponectin
concentrations.

KEIJI YOSHIOKA, MD
1

TOSHIHIDE YOSHIDA, MD
2

TOSHIKAZU YOSHIKAWA, MD
3

From the 1Department of Diabetes and Endocrinol-
ogy, Matsushita Memorial Hospital, Moriguchi, Ja-
pan; the 2Department of Endocrinology and
Metabolism, Graduate School of Medical Science,
Kyoto Prefectural University of Medicine, Kyoto;
and the 3Department of Inflammation and Immu-
nology, Graduate School of Medical Science, Kyoto
Prefectural University of Medicine, Kyoto, Japan.

Address correspondence to Keiji Yoshioka, MD,
Department of Diabetes and Endocrinology, Mat-
sushita Memorial Hospital, 5-55, Sotojima-cho,
Moriguchi, Osaka 570-8540, Japan. E-mail:
yoshik@mue.biglobe.ne.jp.

© 2003 by the American Diabetes Association.

Acknowledgments— This work was sup-
ported by a Grant-in-Aid for Scientific Re-
search (no. 14571106) (to T. Yoshida) from
the Ministry of Education, Culture, Sports,
Science and Technology of Japan.

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

References
1. Nagasaka S, Taniguchi A, Aiso Y, Yatagai

T, Nakamura T, Nakai Y, Fukushima M,
Kuroe A, Ishibashi S: Effect of glimepiride
on serum adiponectin level in subjects
with type 2 diabetes (Letter). Diabetes
Care 26:2215–2216, 2003

2. Tsunekawa T, Hayashi T, Suzuki Y, Mat-
sui-Hara H, Kano H, Fukatsu A, Nomura
N, Miyazaki A, Iguchi A: Plasma adi-
ponectin plays an important role in im-
proving insulin resistance with glimepiride
in elderly type 2 diabetic subjects. Diabe-
tes Care 26:285–289, 2003

3. Hara K, Boutin P, Mori Y, Tobe K, Dian C,
Yasuda K, Yamauchi T, Otabe S, Okada T,
Eto K, Kadowaki H, Hagura R, Akanuma Y,
Yazaki Y, Nagai R, Taniyama M, Matsubara
K, Yoda M, Nakano Y, Kimura S, Tomita M,
Kimura S, Ito C, Froguel P, Kadowaki T:
Genetic variation in the gene encoding adi-
ponectin is associated with an increased risk
of type 2 diabetes in the Japanese popula-
tion. Diabetes 51:536–540, 2002

4. Stefan N, Stumvoll M: Adiponectin: its

Letters

3360 DIABETES CARE, VOLUME 26, NUMBER 12, DECEMBER 2003

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/26/12/3364/590344/3364a.pdf by guest on 10 April 2024



role in metabolism and beyond. Horm
Metab Res 34:469–474, 2002

5. Yamamoto Y, Hirose H, Miyashita K,
Nishikai K, Saito I, Taniyama M, Tomita
M, Saruta T: PPAR �2 gene Pro12Ala
polymorphism may influence serum level
of an adipocytes-derived protein, adi-
ponectin, in the Japanese population. Me-
tabolism 51:1407–1409, 2002

Glimepiride and
Serum Adiponectin
Level in Type 2
Diabetic Subjects

Response to Yoshioka, Yoshida,
and Yoshikawa

W e thank Yoshioka, Yoshida, and
Yoshikawa for their comments
on our article (1) in this issue of

Diabetes Care (2). We reported that serum
adiponectin concentration increased after
3 months’ glimepiride treatment in type 2
diabetic patients (1). They indicated that
baseline values of serum adiponectin
(22.1 � 2.7 
g/ml, mean � SE) seem to
be higher than those expected from sub-
jects with greater BMI (26.5 � 0.9 kg/m2)
and homeostasis model assessment of in-
sulin resistance (5.0 � 0.8) levels. First,
we must apologize for not having cor-
rected the final results of serum adiponec-
tin concentration by using the ratio of
sample dilution. The correct results of our
study (1) are as follows: serum adiponec-
tin concentration increased from 11.1 �
1.3 to 14.2 � 1.4 
g/ml (29%, P � 0.015
by Wilcoxon’s sign-rank test) in the
glimepiride-treated patients (n � 28), and
the concentration also increased from
9.4 � 1.5 to 10.3 � 1.7 
g/ml (10%, P �
0.034) by metformin treatment in an-
other group of type 2 diabetic patients
(n � 12) matched with the glimepiride
group for sex, age, BMI, glycemia, and
insulinemia. Statistical analysis and data
interpretation remained unchanged de-
spite the changes in absolute values of se-
rum adiponectin concentration.

Along with glimepiride (1,3), insulin-
sensitizing thiazolidinediones are known
to increase mRNA and circulating levels
of adiponectin (4,5). We have also con-
firmed that serum adiponectin concentra-
tion increased from 9.1 � 2.3 to 19.6 �
2.0 
g/ml (123%, P � 0.001) in 15 type 2

diabetic patients (10 men and 5 women,
aged 61 � 2 years, BMI 27.2 � 0.4 kg/m2)
after 4 months’ pioglitazone treatment,
which was concomitant with improve-
ments in fasting glucose from 161 � 6 to
137 � 6 mg/dl (P � 0.023), HbA1c from
7.9 � 0.2 to 7.2 � 0.2% (P � 0.002), and
homeostasis model of insulin resistance
from 5.9 � 3.0 to 3.8 � 0.4 (P � 0.025).
Very recently, blockade of the renin-
angiotensin system was also shown to in-
crease serum adiponectin concentration
(15% by temocapril and 30% by cande-
sartan, respectively) as well as insulin
sensitivity in hypertensive men (6).
Therefore, at least three kinds of thera-
peutic interventions are known to in-
crease both adiponectinemia and insulin
sensitivity in men. The mechanisms re-
sponsible for increased adiponectinemia
by glimepiride and blockade of the renin-
angiotensin system await further investi-
gation. In addition, we agree with Yoshioka,
Yoshida, and Yoshikawa in that further
clinical study is also necessary to establish
the long-term beneficial effects of such
pharmacological interventions to in-
crease adiponectinemia in type 2 diabetic
patients.
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Comparison of
Repaglinide and
Nateglinide in
Combination With
Metformin

Response to Raskin et al.

I believe there are significant limitations
in the study by Raskin et al. (1) in the
June issue of Diabetes Care that pre-

clude broad conclusions about the rela-
tive efficacy of nateglinide and repaglinide.
They presented the results of a “head-to-
head assessment of the relative efficacy
and safety of repaglinide versus nateglin-
ide, under conditions of combination
therapy with metformin.”

The authors concluded that when
both agents were compared in combina-
tion with metformin, repaglinide lowered
fasting plasma glucose and HbA1c signif-
icantly better than nateglinide and with a
similar safety profile. The design of the
study precludes drawing conclusions
about the comparable efficacy of these
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agents. Patients were titrated to 2 g/day of
metformin (if they were currently taking
metformin) or switched from either a sul-
fonylurea or Glucovance to metformin,
which was titrated to 2 g/day. Titration to
the final metformin dose occurred over 4
weeks, at which point either repaglinide
or nateglinide was added.

Combination therapy is usually initi-
ated as either first-line therapy in drug-
naı̈ve patients or added to stable doses of
current therapy if glycemic goals are not
met. This study was neither a head-to-
head comparison of initial combination
therapy with repaglinide/metformin ver-
sus nateglinide/metformin nor a true
comparison of repaglinide and nateglin-
ide added to metformin. In order to com-
pare the efficacy of these agents as add-on
therapy to metformin over a 16-week pe-
riod, patients should have been main-
tained on the final dose of metformin for a
sufficient period to allow their glycemic
control to stabilize and establish a clear
baseline.

The most important limitation of the
study is that the nateglinide/metformin
treatment arm was biased by including
patients recently treated with sulfonyl-
ureas. The nateglinide label states that pa-
tients should not be switched from a
sulfonylurea to nateglinide. Over one-
third (33 of 96) of patients receiving the
nateglinide/metformin combination had
been on sulfonylurea monotherapy or
Glucovance before being switched to the
combination and were therefore treated
outside of product labeling.

In addition, the underlying assump-
tions and relevant background informa-
tion whereby the imputation method was
chosen to handle missing data are not
provided. Imputation is generally consid-
ered exploratory in nature, whereas the
last observation carried forward approach
is conservative and appropriate when
reductions in the parameter under con-
sideration reflect the improvement of
disease.

Finally, the authors conclude that re-
paglinide achieved improved glycemic
control with no difference in safety com-
pared with nateglinide; however, there
was a 3.5-fold increase in the incidence of
hypoglycemia with repaglinide compared
with nateglinide.

We believe that for the appropriate
patient, nateglinide is a valuable treat-
ment option to control postmeal glucose
and reduce HbA1c and trust that physi-

cians will continue to exercise discretion
in evaluating product comparisons before
making clinical decisions.
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Comparison of
Repaglinide and
Nateglinide in
Combination With
Metformin

Response to Baron

W e have seen Baron’s letter in this
issue of Diabetes Care (1) regard-
ing our recent clinical research

trial (2) and wish to point out the follow-
ing facts for readers.

Regarding the matter of whether suf-
ficient time was allowed to develop a re-
sponse to metformin therapy, the
duration of metformin treatment in this
trial reached 20 weeks, which is more
than enough time for metformin effects to
stabilize. As shown in Fig. 1B of the arti-

cle, fasting plasma glucose values showed
little or no change for either therapy
group in the times from 4 to 16 weeks of
therapy. The final fasting plasma glucose
values achieved during repaglinide/
metformin or nateglinide/metformin
therapy were clearly different, and HbA1c
values reflected this difference.

The issue of the possible effects of
prior treatment is a consideration that is
not unique to our study. This is precisely
what the randomization procedure was
intended to address. Statistical testing for
imbalance between the treatment groups
for previous oral antidiabetic drug ther-
apy yielded a P value of 0.86 (any imbal-
ances were insignificant).

Regarding concerns that a subset of
patients previously treated with a sulfo-
nylurea may have been unresponsive to
nateglinide/metformin therapy, com-
bination therapy enrollment of a patient
population entirely lacking previous sul-
fonylurea therapy would be a doubtful re-
flection of clinical practice reality. When
patients from this clinical trial were ana-
lyzed based on prior therapy, repaglinide/
metformin produced significantly greater
reductions of HbA1c values than nateglin-
ide/metformin for patients who had pre-
viously received metformin, as well as for
those who had previously received sulfo-
nylureas (including Glucovance). The
comparison of Table 1 makes it clear that
the overall study conclusions were not
solely determined by the nateglinide/
metformin response of patients previ-
ously treated with sulfonylureas. While
patients having prior sulfonylurea ther-
apy had a lesser response to nateglinide/
metformin than those previously treated
with metformin, the majority of enrolled
patients in this study had received prior
metformin therapy. Both patient subsets
showed significant HbA1c reductions
from baseline for both treatment regi-

Table 1—Change in HbA1c values by prior therapy

Previous therapy subset

Repaglinide/
metformin

Nateglinide/
metformin

P (repag/met
vs. nateg/met)n

Change in
HbA1c from

baseline n

Change in
HbA1c from

baseline

Total study population 92 �1.28 (0.1) 89 �0.67 (0.1) �0.001
Prior metformin 56 �1.29 (0.16) 60 �0.77 (0.11) 0.002
Prior sulfonylurea or glucovance 36 �1.27 (0.16) 29 �0.47 (0.19) 0.006

Date are means � SE.
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mens, and differences between repaglin-
ide/metformin and nateglinide/metformin
were significant for both patient subsets.

It is noteworthy that another direct
comparison of repaglinide and nateglin-
ide, under monotherapy conditions in pa-
tients who had received only diet and
exercise for the previous 3 months, has
reported similar differences in the efficacy
of the two drugs (�0.5% difference in
HbA1c changes in 16 weeks) (3).

Regarding the use of the incremental
mean imputation statistical method of im-
puting missing values, it has been statis-
tically demonstrated to be more accurate
than the last observation carried forward
method (4), so we implemented the incre-
mental mean imputation method. The
reader should be aware that the last ob-
servation carried forward method is also
merely a method of imputing missing val-
ues, and in the case of the reported study,
the last observation carried forward cal-
culation method produced similar re-
sults: final reductions of HbA1c or fasting
plasma glucose values from baseline were
significantly greater for repaglinide/
metformin therapy, by 0.63% and 19 mg/
dl, respectively.

Finally, the incidence of minor hypo-
glycemic events (seven patients for repa-
glinide/metformin and two for nateglinide/
metformin) clearly falls into the realm of a
comparison of small numbers that are
hazardous to declare statistically differ-
ent, much less declare different by a spe-
cific factor (3.5-fold, etc.).

We appreciate the opportunity to
clarify these issues.

PHILIP RASKIN, MD

From the Department of Internal Medicine, Univer-
sity of Texas, Southwestern Medical Center at Dal-
las, Dallas, Texas.

Address correspondence to Dr. Philip Raskin,
The University of Texas, Southwestern Medical Cen-
ter at Dallas, Dept. of Internal Medicine, 5323 Harry
Hines Blvd., Dallas, TX 75235-8858. E-mail:
philip.raskin@utsouthwestern.edu.

P.R. has served on an advisory panel for, has re-
ceived consulting fees from, and has received grant/
research support from Novo Nordisk.

© 2003 by the American Diabetes Association.

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

References
1. Baron M: Comparison of repaglinide and

nateglinide in combination with met-
formin (Letter). Diabetes Care 26:3361–
3362, 2003

2. Raskin P, Klaff L, McGill S, South SA, Hol-
lander P, Khutoryansky N, Hale PM: Effi-

cacy and safety of combination therapy:
repaglinide plus metformin versus nateg-
linide plus metformin. Diabetes Care 26:
2063–2068, 2003

3. Saad MF, Rosenstock J, Hale P, Khutory-
ansky N: Repaglinide vs. nateglinide mono-
therapy: a randomized, multicenter, open-
label study (Abstract 44). Endocrine Pract
9 (Suppl. 1):17, 2003

4. Khutoryansky NM, Huang WC: Imputa-
tion techniques using SAS software for in-
complete data in diabetes clinical trials. In
Pharmaceutical Industry SAS Users Group
Conference Proceedings, Boston, MA, 2001.
Boston, MA, Pharmaceutical Industry SAS
Users Group, p. 334–337

Meta-Analysis of
Low–Glycemic Index
Diets in the
Management of
Diabetes

Response to Franz

In the editorial by Franz (1) on the value
of low–glycemic index diets, the re-
sults of our meta-analysis, which were

published in the same issue of Diabetes
Care (2), have been misinterpreted and
therefore misrepresented. Specifically,
the author contrasts the overall decrease
in HbA1c of �1–2% seen with various nu-
trition interventions with a reduction of
0.43% from low–glycemic index diets.
The 0.43% reduction, however, is not the
overall effect of a low– glycemic index
diet, but the incremental effect of a low–
glycemic index diet over and above that
seen with an equally intensive nutrition
intervention. Thus if a nutrition interven-
tion improves HbA1c by 1%, then the
meta-analysis predicts that a low–
glycemic index version of that interven-
tion will result in an overall reduction of
1.43%.

In the reviews and studies cited by
Franz, the change in HbA1c levels of a nu-
trition intervention is compared with ei-
ther a control group given a “basic” or
“usual” level of care or with the baseline
HbA1c. For example, in the Dose Adjust-
ment For Normal Eating (DAFNE) study
(3), the control group consisted of pa-
tients who simply continued to receive
usual care for 6 months versus a group
who received training in flexible intensive
insulin treatment combining dietary

freedom and insulin adjustment. Simi-
larly, in discussing the U.K. Prospective
Diabetes Study (4), Franz compares the
glycemic control at baseline with that af-
ter 3 months of intensive dietary interven-
tion. In both of these instances, intensive
nutritional interventions are compared
with basic care. In the meta-analysis,
however, we included only studies in
which two equally intensive nutrition in-
terventions were compared.

The author goes on to state that the
0.43% reduction in HbA1c is equivalent to
a 7.4% reduction. This is incorrect. A
7.4% reduction in glycated proteins, as
shown in the combined analysis with
both fructosamine and HbA1c data, is
larger and equivalent to �0.6% HbA1c in
an individual with an HbA1c �8%. This is
addressed in our discussion (2).

Lastly, the author states that the meta-
analysis found that “in subjects with type
1 diabetes, HbA1c was reduced by �0.4%
units and in type 2 diabetes by �0.2%
units.” This is also incorrect; we did not
perform a subgroup analysis of HbA1c in
type 1 versus type 2 diabetic subjects be-
cause there were insufficient data. How-
ever, we reported that the incremental
reduction in glycated proteins was �10%
(equivalent to 0.8% HbA1c) in type 1 di-
abetic subjects and �6% (equivalent to
�0.5% HbA1c) in type 2 diabetic patients.

The editorial’s title, “The Glycemic
Index: Not the Most Effective Nutrition
Therapy Intervention,” thus represents a
misinterpretation of the results of the
meta-analysis. It may, unfortunately, lead
readers to dismiss the study’s findings and
potential value.

JENNIE C. BRAND-MILLER, PHD
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Meta-Analysis of
Low–Glycemic
Index Diets in the
Management of
Diabetes

Response to Franz

In her editorial (1) accompanying the
meta-analysis carried out by Brand-
Miller et al. (2), Dr. Franz describes the

glycemic index as “not the most effective
nutrition therapy intervention.” Her con-
clusion appears principally based on the
fact that the reduction in HbA1c by 0.4–
0.6% units (a 7.4% decrease in glycated
protein is equivalent to �0.6% HbA1c
units) when comparing high– and low–
glycemic index diets is less than that seen
when considering other dietary manipu-
lations, which may achieve decreases in
HbA1c of 1–2% units (a 15–22% decrease
in HbA1c). Franz appears to have missed a
pivotal issue clearly discussed by Brand-
Miller et al. in their article (2). The ob-
served improvement in glycemic control
is the net improvement over and above
that of standard current best practice nu-
trition therapy (and medication) in the in-
stitutions where the studies were
conducted. By failing to acknowledge the
additional benefit that may be achieved
by the choice of low– glycemic index
foods and emphasizing only the impor-
tance of total carbohydrate, the American

Diabetes Association may be depriving
people with diabetes of the full benefit of
nutrition therapy. It is noteworthy that
the recommendations of the Nutrition
Study Group of the European Association
for the Study of Diabetes (3) and the Food
and Agriculture Organization/World
Health Organization Expert Consultation
on Carbohydrates (4) include advice to
use the glycemic index as a means of de-
termining the most appropriate choices of
carbohydrate-containing foods.
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Low–Glycemic Index
Diets in the
Management of
Diabetes

Response to Brand-Miller et al. and
Mann

M ann (1) and Brand-Miller et al. (2)
state in this issue of Diabetes Care
that study subjects have been on

previous nutrition therapies before the
implementation of low– versus high–

glycemic index diets. Although this may
be the case, in reviewing the studies in-
cluded in the meta-analysis, only two
studies state this clearly. The first is the
study by Fontvieille et al. (3), in which the
low– compared with high– glycemic
index diet did not improve HbA1c levels
over 5 weeks but did result in a decrease
in fructosamine (P � 0.05). The second is
the study by Heilbronn et al. (4), wherein
subjects participated in 12 weeks of en-
ergy restriction. After 4 weeks on a weight
loss diet similar in composition to the av-
erage Australian diet, the subjects were
randomized to a low– versus high–
glycemic index diet for 8 weeks. At week
12 there was no statistically significant
difference in improving glycemic control
or weight loss between the low– and
high–glycemic index groups. However, if
subjects in the reported trials had been on
previous food/meal planning approaches,
it supports the position of the American
Diabetes Association, which holds that
there is not evidence “to recommend use
of low–glycemic index diets as a primary
strategy in food/meal planning,” (5) but as
is suggested in the editorial, “glycemic re-
sponses of foods can best be used for fine-
tuning glycemic control” (6).

There are three questions that need
answering in order to assist clinicians in
deciding on an intervention approach.
First, have two different approaches been
compared and which approach has the
better outcome? This is the question that
Brand-Miller et al. addressed in their
meta-analysis (7). They determined that
low–glycemic index diets compared with
high–glycemic index diets resulted in a
small but significant improvement in gly-
cemia (7.4% reduction in glycated pro-
teins). Although Brand-Miller et al. (2)
state in their letter that the change in
HbA1c is �0.6%, they also state in their
conclusion that “after an average duration
of 10 weeks, subjects who were following
low–glycemic index diets had HbA1c lev-
els �0.4% lower than those ingesting a
high–glycemic index diet.” But regardless
if it is 0.4 or 0.6%, it is still less than other
nutrition intervention outcomes cited in
the editorial, which report decreases in
HbA1c of �1–2% and, therefore, are bet-
ter choices for primary nutrition therapy
interventions (8,9).

The second question is of equal im-
portance. What is the expected outcome
from the intervention? Table 1 lists the
studies included in the meta-analysis with
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a duration of 6 weeks or longer, their
baseline HbA1c values, and the study-end
HbA1c value. The low–glycemic index in-
tervention resulted in decreases from
baseline to study end in HbA1c ranging
from 0.0 to 0.7%, with an average per
subject decrease of 0.35%. Readers can
decide the clinical significance of this
change for themselves.

The final question is also of impor-
tance to clinicians. Can people with dia-
betes implement the intervention outside
of a research center? Although not ad-
dressed in these studies, one clue does
emerge from the reported research. In the
longest study (10), which was 1 year, at
the end of the year both groups reported
diets with similar glycemic index values,
suggesting that it may be difficult in the
real world to change the overall glycemic
index of an individual’s food intake over
the long term.

The bottom line is that dietitians and
other health care providers will make the
decision on which food/meal-planning
approach their patients with diabetes will
understand, be able to implement, and
benefit from. Some individuals will bene-
fit from simple guidelines as to what to eat
and when, others will benefit from carbo-
hydrate counting or exchange lists, mod-
erate weight loss, and yes, some may even
benefit from the use of low– glycemic
index foods. However, the research sug-
gests that the use of low–glycemic index
diets is not as effective as other nutrition
interventions. And ultimately, people
with diabetes will decide what foods they

eat and, by using their glucose monitoring
results, determine if their choices have led
to their target goals.
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Table 1—Changes in HbA1c from baseline to study end from low– and high–glycemic index diets

Reference, number of subjects
(n), and study length

Baseline HbA1c:
low- vs. high-GI diet

Study end HbA1c:
low- vs. high-GI diet

HbA1c changes from baseline with the
implementation of the low-GI diet

Heilbronn et al. (4), n � 45,
4 wks on weight loss diet
followed by 8 weeks on
weight loss diets of low or
high GI

6.7%, after 4 wks of
weight loss diets:

6.65 vs. 6.35%

6.04 vs. 6.06% After implementation of the GI diets, a 0.6%
decrease in low GI, not significantly
different than high-GI diet; no difference in
weight loss from low- vs. high-GI diets

Gilbertson et al. (10), n � 104,
52 weeks

8.3 vs. 8.6% 8.0 vs. 8.6% 0.3% decrease in low-GI group, although
reported GIs were the same in both groups
at study end

Giacco et al. (11), n � 63,
24 weeks

8.8 vs. 8.8% 8.6% (compliant group)
vs. 9.1%

0.2% decrease in low-GI compliant group

Brand et al. (12), n � 16,
12 weeks

7.7 vs. 7.7% 7.0 vs. 7.9% 0.7% decrease in low-GI group

Collier, et al. (12), n � 7,
6 weeks

10.0 vs. 9.9% 10.0 vs. 9.86% No difference at study end

GI, glycemic index.
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