
hort: 36 children scored as high risk,
which included all 13 children with ab-
normal glucose tolerance. The sensitivity
of this scoring system in our cohort is
100%, specificity 57%, and positive pre-
dictive value 36%, i.e., three children
need to be tested to identify one abnormal
result. Prospective validation of this as-
sessment tool is now underway in our
clinic. We suggest that other units de-
velop risk assessment tools for their pop-
ulations so that screening at-risk children
for glucose intolerance becomes more fea-
sible and is not “a lost battle.”
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Vinegar Improves
Insulin Sensitivity to
a High-Carbohydrate
Meal in Subjects
With Insulin
Resistance or Type 2
Diabetes

The number of Americans with type 2
diabetes is expected to increase by
50% in the next 25 years; hence, the

prevention of type 2 diabetes is an impor-
tant objective. Recent large-scale trials
(the Diabetes Prevention Program and
STOP-NIDDM) have demonstrated that
therapeutic agents used to improve insu-
lin sensitivity in diabetes, metformin and
acarbose, may also delay or prevent the
onset of type 2 diabetes in high-risk pop-

Figure 1—Assessment tool for the selection of children at risk of abnormal glucose tolerance. The assessment tool does not apply to children referred
with raised fasting blood glucose values or with suspected glucose intolerance posttransplantation or secondary to other diagnoses. Children are
scored on the clinical characteristics as shown. The scores for family history and insulin resistance are cumulative, giving a maximum score of 24.
*Definite diagnosis on scan or irregular menses and hirsutism; †systolic or diastolic blood pressure 	95th percentile for age (5). Scores: 0–11, low
risk; 12–24, high risk (these children should be screened by OGTT).
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ulations. Interestingly, an early report
showed that vinegar attenuated the glu-
cose and insulin responses to a sucrose or
starch load (1). In the present report, we
assessed the effectiveness of vinegar in re-
ducing postprandial glycemia and insu-
linemia in subjects with varying degrees
of insulin sensitivity.

Our study included nondiabetic sub-
jects who were either insulin sensitive
(control subjects, n � 8) or insulin resis-
tant (n � 11) and 10 subjects with type 2
diabetes. Subjects provided written in-
formed consent and were not taking dia-
betes medications. Fasting subjects were
randomly assigned to consume the vine-
gar (20 g apple cider vinegar, 40 g water,
and 1 tsp saccharine) or placebo drink
and, after a 2-min delay, the test meal,
which was composed of a white bagel,
butter, and orange juice (87 g total carbo-
hydrates). The cross-over trial was con-
ducted 1 week later. Blood samples were
collected at fasting and 30 and 60 min
postmeal for glucose and insulin analyses.
Whole-body insulin sensitivity during the
60-min postmeal interval was estimated
using a composite score (2).

Fasting glucose concentrations were
elevated �55% in subjects with diabetes
compared with the other subject groups
(P � 0.01, Tukey’s post hoc test), and
fasting insulin concentrations were ele-
vated 95–115% in subjects with insulin
resistance or type 2 diabetes compared
with control subjects (P � 0.01). Com-

pared with placebo, vinegar ingestion
raised whole-body insulin sensitivity dur-
ing the 60-min postmeal interval in insu-
lin-resistant subjects (34%, P � 0.01,
paired t test) and slightly improved this
parameter in subjects with type 2 diabetes
(19%, P � 0.07). Postprandial fluxes in
insulin were significantly reduced by vin-
egar in control subjects, and postprandial
fluxes in both glucose and insulin were
significantly reduced in insulin-resistant
subjects (Fig. 1).

These data indicate that vinegar can
significantly improve postprandial insu-
lin sensitivity in insulin-resistant subjects.
Acetic acid has been shown to suppress
disaccharidase activity (3) and to raise
glucose-6-phosphate concentrations in
skeletal muscle (4); thus, vinegar may
possess physiological effects similar to
acarbose or metformin. Further investiga-
tions to examine the efficacy of vinegar as
an antidiabetic therapy are warranted.
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Sleep Disturbance
and Onset of Type 2
Diabetes

S leep disturbance, which is often ob-
served among patients with diabetes
(1), is possibly caused by impaired

glucose metabolism or physical and psy-
chological discomfort due to the disorder.
In addition, a recent prospective study of
women has indicated an interesting asso-
ciation between sleep patterns and later-
onset type 2 diabetes, with a greater
incidence among both short-term (�6 h)
and long-term (	8 h) sleepers (2). Dis-
turbance in sleep quality may also affect
the later onset of overt diagnosis of type 2
diabetes. We investigated the association
between sleep disturbance and the subse-
quent onset of type 2 diabetes in a group
of Japanese male employees.

We analyzed the database of an 8-year
prospective study of male employees of an
electrical company in Japan (3). We fol-
lowed 2,649 male employees with no
medical history of diabetes or other
chronic illnesses at baseline for 8 years
from 1984 to 1992. Data from 2,265
(86%) male respondents, who were thor-
oughly followed, were analyzed. All sub-
jects received a medical checkup once a
year during the follow-up to identify
those with type 2 diabetes according to
World Health Organization criteria (4). A
mailed questionnaire was used to assess
sleep disturbance in the previous month
at baseline. Two single-item questions

Figure 1—Effects of vinegar (�) and placebo (}) on plasma glucose (A– C) and insulin (D– F)
responses after a standard meal in control subjects, insulin-resistant subjects, and subjects with
type 2 diabetes. Values are means � SE. The P values represent a significant effect of treatment
(multivariate ANOVA repeated-measures test).
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