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OBJECTIVE — Postprandial hyperglycemia characterizes early type 2 diabetes. We investi-
gated whether ameliorating postprandial hyperglycemia with acarbose would prevent or delay
progression of diabetes, defined as progression to frank fasting hyperglycemia, in subjects with
early diabetes (fasting plasma glucose [FPG] �140 mg/dl and 2-h plasma glucose �200 mg/dl).

RESEARCH DESIGN AND METHODS — Two hundred nineteen subjects with early
diabetes were randomly assigned to 100 mg acarbose t.i.d. or identical placebo and followed for
5 years or until they reached the primary outcome (two consecutive quarterly FPG measure-
ments of �140 mg/dl). Secondary outcomes included measures of glycemia (meal tolerance
tests, HbA1c, annual oral glucose tolerance tests [OGTTs]), measures of insulin resistance (ho-
meostasis model assessment [HOMA] of insulin resistance and insulin sensitivity index from
hyperglycemic clamps), and secondary measures of �-cell function (HOMA-�, early- and late-
phase insulin secretion, and proinsulin-to-insulin ratio).

RESULTS — Acarbose significantly reduced postprandial hyperglycemia. However, there was
no difference in the cumulative rate of frank fasting hyperglycemia (29% with acarbose and 34%
with placebo; P � 0.65 for survival analysis). There were no significant differences between
groups in OGTT values, measures of insulin resistance, or secondary measures of �-cell function.
In a post hoc analysis of subjects with initial FPG �126 mg/dl, acarbose reduced the rate of
development of FPG �126 mg/dl (27 vs. 50%; P � 0.04).

CONCLUSIONS — Ameliorating postprandial hyperglycemia did not appear to delay pro-
gression of early type 2 diabetes. Factors other than postprandial hyperglycemia may be greater
determinants of progression of diabetes. Alternatively, once FPG exceeds 126 mg/dl, �-cell
failure may no longer be remediable.
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T ype 2 diabetes is a progressive dis-
ease, often with an inexorable rise in
HbA1c (A1C) over time and the

need for increasingly aggressive multi-

drug therapy (1). Insulin resistance is a
fundamental abnormality in type 2 diabe-
tes that appears to develop long before the
development of hyperglycemia. How-

ever, many obese subjects never develop
hyperglycemia despite significant insulin
resistance. �-Cell dysfunction, with pro-
gressive loss of the capacity to hyperse-
crete insulin to compensate for insulin
resistance, seems to be required for the
development of impaired glucose toler-
ance (IGT) or diabetes (2,3). Several ab-
normalities have been described as part of
the syndrome of �-cell dysfunction, in-
cluding loss of first-phase insulin secre-
tion, a defect in conversion of proinsulin
to insulin, decreasing maximal capacity of
glucose to potentiate nonglucose signals,
and eventually loss of adequate basal in-
sulin secretion (2–5). The causes of �-cell
dysfunction and failure are unknown but
may include genetic factors, glucose tox-
icity, lipotoxicity, or some combination
thereof.

Most patients in whom type 2 diabe-
tes is diagnosed in clinical practice do not
actually have “new-onset” diabetes; on av-
erage, diabetes has been present for 9–12
years at the time of clinical diagnosis (6).
During the pre-diabetic state of IGT and
the early years of diabetes, hyperglycemia
is primarily postprandial in nature (7–9),
asymptomatic, and difficult to detect,
leading to delay in diagnosis. With time,
as the �-cell defect becomes more severe,
impaired basal insulin secretion leads to
fasting hyperglycemia, more severe post-
prandial hyperglycemia, hyperglycemic
symptoms, and a clinical diagnosis. At
this point, the U.K. Prospective Diabetes
Study Group (UKPDS) data suggest that
�-cell decline may not be remediable (1).

Because postprandial hyperglycemia
is an early abnormality in type 2 diabetes,
the resultant glucose toxicity is a potential
mediator of progressive �-cell dysfunc-
tion (10–13). We hypothesized that ame-
liorating postprandial hyperglycemia in
subjects with early type 2 diabetes (pri-
marily postprandial hyperglycemia and
found by screening asymptomatic indi-
viduals) would prevent or delay �-cell
failure, manifested by progression to
frank fasting hyperglycemia. We used
acarbose, a drug known to primarily af-
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fect postprandial hyperglycemia and to
have little effect on fasting glucose (14), to
test this hypothesis in a randomized, dou-
ble-blind placebo-controlled clinical trial.

RESEARCH DESIGN AND
METHODS — The Early Diabetes In-
tervention Program (EDIP) was a 5-year
trial carried out at Indiana University
School of Medicine and Washington Uni-
versity School of Medicine. The study was
approved by the institutional review
boards of both institutions, and all sub-
jects provided informed consent for
screening and for the trial.

Recruitment for EDIP paralleled re-
cruitment for the Diabetes Prevention
Program (DPP) trial (15) at both institu-
tions and has been described previously
(16). Individuals at least 25 years of age
with obesity, a history of gestational dia-
betes, or a family history of diabetes were
targeted. After informed consent, subjects
underwent fasting plasma glucose (FPG)
measurement using a glucose analyzer
(YSI, Yellow Springs, OH). Subjects with
FPG measurements between 105 mg/dl
(5.5 mmol/l) and 140 mg/dl (7.8 mmol/l,
the diagnostic FPG cutoff for diabetes at
the time of study initiation) underwent a
75-g oral glucose tolerance test (OGTT).
Those with a 2-h postload plasma glucose
measurement �200 mg/dl (11.1 mmol/l)
along with FPG �140 mg/dl were consid-
ered to have early diabetes and screened
for enrollment. Exclusion criteria in-
cluded BMI �24 kg/m2, cancer within 5
years, infectious disease including HIV in-
fection, a cardiac event within the previ-
ous 6 months, uncontrolled hypertension
or hypertension that could not be con-
trolled with agents other than �-blockers
or thiazide diuretics, elevated aspartate
aminotransferase or alanine aminotrans-
ferase, serum creatinine �1.4 mg/dl in
men or 1.3 mg/dl in women, fasting
plasma triglycerides �600 mg/dl despite
treatment, any significant disease or
medication that could interfere with
medication tolerance or with outcomes,
suspected inability to adhere to the
protocol, or inability to give informed
consent.

Within 6 weeks of the qualifying
OGTT, subjects were admitted for a 2-day
study initiation visit. All subjects had a
medical history taken and underwent
physical examination, electrocardiogram,
seven-field fundus photography, 24-h
urine collection for creatinine clearance
and microalbumin, and a 9-h meal profile
study (MPS; described below). Half of the

subjects were randomly assigned to un-
dergo a hyperglycemic clamp procedure,
described below. A registered dietitian
counseled subjects on an appropriate diet
for type 2 diabetes. At the end of the ad-
mission, subjects began either acarbose or
an identical placebo based on a blinded
randomization stratified by site and by
randomization to the clamp. Study drug
was initiated at a dose of 25 mg once daily
with the evening meal, then titrated at
weekly intervals by 25 mg daily to the
maximum dose of 100 mg t.i.d. with
meals. Study drug was down-titrated as
needed in subjects who complained of
gastrointestinal side effects. Efforts were
made to reach a daily dosage of at least 50
mg t.i.d.

The primary outcome was develop-
ment of frank fasting hyperglycemia (de-
fined a priori as two consecutive quarterly
FPG measurements �140 mg/dl or 7.8
mmol/l). Subjects visited the study clinic
at 3-month intervals and had FPG mea-
sured by the YSI glucose analyzer, among
other measurements. Subjects whose FPG
was �140 mg/dl had intensified dietary
counseling. If the next quarterly FPG was
�140 mg/dl, the subject continued in the
study. If the next FPG again was �140
mg/dl, the subject was considered to have
reached the primary end point and was
asked to complete a closeout visit; this
visit was equivalent to what would have
been the next annual visit.

Annually, each subject completed a
visit at which multiple measures were
done (OGTT, history, and physical exam-
ination, seven-field fundus photographs,
electrocardiogram, and laboratory tests
for renal and hepatic function). At years 1
and 2, MPS studies and hyperglycemic
clamps were repeated, as detailed below.

Meal profile studies
Subjects underwent MPS at the initiation
visit (before beginning the study drug)
and at years 1 and 2, when the study drug
was taken with the MPS. For each subject,
a standardized isocaloric meal plan com-
posed of 55% carbohydrate, 30% fat, and
15% protein was provided, with one-
third of calories at each of three meals.
Each breakfast or lunch consisted of the
same food items from subject to subject
and from year to year. Test meals were
consumed within 20 min starting at 8:00
A.M. and 12:00 P.M., with the final (non-
test) meal consumed after the 5:00 P.M.
sampling. Blood samples for plasma glu-
cose and insulin were obtained at 7:30
A.M. and then hourly from 8:00 A.M.

through 5:00 P.M. Fasting samples for pro-
insulin were obtained at 7:30 and 8:00
A.M.

Hyperglycemic clamp
Of the subjects at each site, 50% were ran-
domly assigned to undergo hyperglyce-
mic clamp testing at the initiation visit
and at years 1 and 2. Studies were done in
the fasting state with no study medica-
tion. At �10 and 0 min, samples were
obtained for plasma glucose and insulin.
A priming and then a maintenance rate of
glucose, calculated by modification of the
Andres method (17), was infused to rap-
idly bring the plasma glucose to 200
mg/dl and “clamp” it there for 4 h. To
prevent hypokalemia, potassium phos-
phate was infused. Samples for plasma
glucose and insulin were obtained every 2
min for the first 10 min of glucose infu-
sion, then at 15 and 30 min, and then
every 30 min for 4 h.

Other measurements
A1C was measured every 6 months by im-
munoturbidimetric assay (Roche Diag-
nostics, Indianapolis, IN). Total and HDL
cholesterol and triglycerides were mea-
sured annually by the enzymatic end
point assay (Roche Diagnostics). LDL
cholesterol was calculated by the Friede-
wald calculation (18) if the value for tri-
glycerides was �400 mg/dl. Insulin and
proinsulin were measured by radioimmu-
noassay (Linco Research), with fasting
values being the mean of �30 and 0 min
samples. Early insulin secretion in the
clamp was defined as the incremental area
under the curve (AUC) for insulin over
the first 10 min, with late-phase insulin
secretion defined as incremental AUC for
insulin for 30–240 min. All AUC mea-
surements were calculated using the trap-
ezoid rule. The insulin sensitivity index
was assessed from the clamp by calculat-
ing (glucose infusion rate over final 30
min) divided by (mean insulin level over
final 30 min). Peak postprandial glucose
was calculated as the highest plasma glu-
cose measurement after each test meal in
the MPS, and glucose incremental AUC
was calculated for each meal and for the
entire 9 h. Homeostasis model assess-
ments of insulin resistance (HOMA-IR)
and �-cell function (HOMA-�) were cal-
culated as described by Matthews et al.
(19). All laboratory assays for both sites,
other than the YSI plasma glucose mea-
surements, were done at the central study
laboratory at the Indiana University
School of Medicine.
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Sample size
The conversion rate from postprandial di-
abetes to frank fasting hyperglycemia is
unknown but was estimated to be from 4
to 14% per year. We assumed a 10% an-
nual rate of reaching the primary end
point in the placebo arm. A sample size of
100 per group would provide 80% power
to detect a decrease from 34% at 4 years to
18% and a difference of 7 mg/dl in FPG.
With allowance for a 10% drop-out rate,
the target sample size was 220 subjects.

Analyses
The primary outcome, time to develop-
ment of frank fasting hyperglycemia, was
assessed using Kaplan-Meier product-
limit estimation. Cumulative probability
curves were compared using the log-rank
test. Repeated-measures ANOVA and
random-effects models were used to ana-
lyze other longitudinal outcomes, with as-
sumptions of normally distributed errors

and subject-specific random effects.
Tukey’s correction was used to adjust sig-
nificance levels of multiple tests. Results
are presented as means � SD.

RESULTS — To screen for the study,
454 subjects underwent OGTT testing.
Of these, 246 had early diabetes by OGTT
criteria, met entry criteria, and provided
informed consent. Twenty-seven subjects
subsequently did not complete the base-
line testing, which took place during an
initiation admission up to 6 weeks after
the OGTT. In total, 219 subjects (160 at
Indiana University and 59 at Washington
University) completed the initiation visit,
received the study drug, returned for at
least one follow-up visit, and are included
in the intention-to-treat analysis. (More
details on subject flow are available in an
online appendix at http://care.diabetes
journals.org.) After study drug titration,
91% of subjects receiving acarbose had

achieved the full dose (97% of placebo
subjects). Compliance was assessed by
pill counts; mean pill consumption was
79.5% of prescribed dose in the acarbose
group at year 1 and 84.6% in the placebo
group, with little change in compliance
over time (year 5 means 79.0 and 83.8%,
respectively).

Table 1 shows demographic and clin-
ical characteristics of the study popula-
tion. On average, subjects were obese
with a high prevalence of hypertension
and diabetic dyslipidemia. Race and eth-
nicity reflected the populations of India-
napolis and St. Louis in the late 1990s.
Retinopathy (Early Treatment of Diabetic
Retinopathy Study [ETDRS] score �20
on fundus photographs) was present in
12% of subjects, whereas 14% had evi-
dence of peripheral neuropathy (inability
to sense a 10-g monofilament on two or
more sites on the foot). There were no
significant differences in any baseline
variable between subjects randomly as-
signed to acarbose and those randomly
assigned to placebo.

Over the course of the 5-year trial, a
total of 95 subjects terminated follow-up
prematurely. In the acarbose group (53
subjects), reasons for early termination
included drug side effects (13), loss to fol-
low-up (14), withdrawal of consent (11),
prescription of other diabetes medica-
tions by outside physicians (5), and other
(10). In the placebo group (42 subjects),
reasons included drug side effects (5), loss
to follow-up (10), withdrawal of consent
(12), prescription of other diabetes med-
ications (9), and other (6).

As shown in Table 2, acarbose signif-
icantly reduced peak postprandial glu-
cose after both meals at year 1 and at year
2 compared with baseline, whereas there
was no significant reduction with pla-
cebo; the difference between groups was
highly significant at both time points. In
addition, compared with placebo, acar-
bose significantly reduced the AUC curve
for glucose after the second meal at year 1
and year 2 and for the entire 9-h MPS at
year 2. Acarbose lowered AIC slightly at
year 1 and significantly at year 2, whereas
there was no significant improvement
with placebo. For the OGTT, there was
improvement in both fasting and 2-h glu-
cose over the first 2–3 years in both
groups, with a subsequent increase in
both variables back to baseline. The dif-
ference from baseline was significant for
FPG at year 1 and at year 2 for acarbose,
whereas the 2-h values were significantly
reduced from baseline in both groups at

Table 1—Baseline characteristics

Overall Acarbose Placebo

n 219 109 110
Sex

Male 74 (33.8) 36 (33.0) 38 (34.6)
Female 145 (66.2) 73 (67.0) 72 (65.4)

Race
White 171 (78.1) 84 (77.1) 87 (79.1)
African American 41 (18.7) 21 (19.3) 20 (18.2)
Asian 3 (1.4) 2 (1.8) 1 (0.9)
Hispanic 4 (1.8) 2 (1.8) 2 (1.8)

Family history of diabetes 153 (79.3) 74 (77.9) 79 (80.6)
Women with history of gestational

diabetes mellitus
17 (11.7) 14 (19.2) 3 (4.2)

Age (years) 53.7 � 11.4 53.7 � 11.0 53.7 � 11.7
Weight (kg) 98.6 � 21.2 97.4 � 19.1 99.9 � 23.1
BMI (kg/m2) 35.2 � 7.1 35.1 � 7.2 35.2 � 7.1
Waist circumference (inches) 41.2 � 5.1 41.2 � 5.6 41.2 � 4.6
% body fat by dual-energy X-ray

absorptiometry
42.7 � 9.0 42.2 � 9.5 43.2 � 8.5

FPG (mg/dl) 121.4 � 13.7 122.1 � 13.9 120.8 � 13.4
2-h plasma glucose (dl) 236.2 � 31.0 236.5 � 31.8 235.8 � 30.4
A1C (%) 6.34 � 0.64 6.35 � 0.65 6.33 � 0.63
Diagnosis of hypertension 107 (49.8) 54 (50.5) 53 (49.1)
Systolic blood pressure (mmHg) 132.6 � 17.3 133.3 � 16.4 132.0 � 18.2
Diastolic blood pressure (mmHg) 75.4 � 11.0 75.6 � 11.1 75.2 � 11.0
Lipids (mg/dl)

Total cholesterol 195.0 � 38.7 195.1 � 37.4 195.0 � 40.0
HDL cholesterol 38.4 � 8.6 38.2 � 8.4 38.5 � 8.8
LDL cholesterol 118.1 � 36.1 117.7 � 36.2 118.4 � 36.1
Triglycerides 192.9 � 102.0 195.5 � 113.9 190.3 � 89.3

Retinopathy present 25 (12.7) 11 (11.7) 14 (13.6)
Microalbuminuria present 6 (2.8) 3 (2.8) 3 (2.8)
Sensory neuropathy present 33 (15.5) 15 (14.2) 18 (16.7)

Data are n (%) or means � SD.
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Table 2—Postprandial glucose, glucose tolerance, measures of insulin resistance, and �-cell function by treatment group and visit

Visit

Acarbose Placebo

n Mean � SD n Mean � SD

Peak postprandial glucose, first meal (mg/dl)
Baseline 108 189.8 � 33.4 110 189.5 � 30.5
Year 1 81 164.6 � 28.6* 82 183.5 � 29.7
Year 2 63 164.7 � 25.1* 62 184.2 � 29.7

Peak postprandial glucose, second meal (mg/dl)
Baseline 108 141.6 � 27.5 110 140.9 � 25.5
Year 1 81 122.3 � 16.9* 82 136.5 � 21.3
Year 2 63 119.6 � 14.5* 61 133.4 � 17.8

AUC plasma glucose, first meal (mg � h�1 � dl�1)
Baseline 108 148.1 � 75.5 109 129.8 � 70.5
Year 1 81 97.4 � 51.3 82 117.6 � 62.6
Year 2 62 94.5 � 51.6 61 124.4 � 70.1

AUC plasma glucose, second meal (mg � h�1 � dl�1)
Baseline 108 66.1 � 64.8 109 65.9 � 69.7
Year 1 81 31.1 � 52.0* 82 70.0 � 71.7
Year 2 63 29.2 � 53.4* 61 76.2 � 58.4

AUC plasma glucose, both meals (mg � h�1 � dl�1)
Baseline 106 206.2 � 135.4 106 164.5 � 135.7
Year 1 81 105.0 � 98.0 82 143.6 � 109.2
Year 2 62 90.1 � 100.2† 60 154.7 � 133.1

A1C (%)
Baseline 106 6.35 � 0.64 106 6.32 � 0.62
Year 1 81 6.16 � 0.74 76 6.22 � 0.60
Year 2 63 6.02 � 0.49‡ 63 6.26 � 0.62
Year 3 45 6.17 � 0.60 49 6.24 � 0.56
Year 4 41 6.44 � 0.72 40 6.40 � 0.64
Year 5 15 6.03 � 0.71 16 6.41 � 0.89

FPG in OGTT (mg/dl)
Baseline 109 122.1 � 13.9 110 120.8 � 13.4
Year 1 74 114.3 � 16.2§ 78 116.2 � 16.8
Year 2 60 112.7 � 16.9§ 59 116.9 � 15.7
Year 3 50 115.7 � 15.0 52 115.4 � 13.1
Year 4 39 124.4 � 20.1 45 118.2 � 18.2
Year 5 20 123.6 � 19.8 29 124.1 � 22.8

2-h PG in OGTT (mg/dl)
Baseline 109 236.5 � 31.8 110 235.8 � 30.4
Year 1 74 202.9 � 45.5§ 78 211.9 � 50.4§
Year 2 60 201.1 � 47.2§ 59 204.3 � 45.2§
Year 3 50 202.3 � 50.1§ 52 206.0 � 51.7§
Year 4 39 224.6 � 61.4 45 223.1 � 52.4
Year 5 20 222.2 � 35.7 29 237.0 � 55.4

HOMA-IR
Baseline 104 5.4 � 3.6 103 5.9 � 4.1
Year 1 63 5.5 � 5.5 72 5.4 � 4.3
Year 2 52 5.4 � 3.7 50 5.4 � 3.0
Year 3 44 5.2 � 3.0 46 5.7 � 5.1
Year 4 42 5.5 � 3.0 46 4.4 � 2.6
Year 5 32 6.6 � 5.0 36 5.8 � 3.4

HOMA-�
Baseline 104 114 � 76 103 124 � 85
Year 1 63 143 � 129 72 127 � 91
Year 2 52 153 � 135 50 142 � 115
Year 3 44 133 � 112 46 159 � 179
Year 4 42 112 � 70 46 104 � 55
Year 5 32 122 � 77 36 133 � 125

Continued on following page
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years 1–3. However, there were no differ-
ences between acarbose and placebo for
either variable at any time point.

Figure 1 shows the cumulative prob-
ability curves for the primary outcome,
progression to frank fasting hyperglyce-

mia (two consecutive quarterly FPG mea-
sures of at least 140 mg/dl). Subjects with
at least two consecutive quarterly visits
after the baseline visit (n � 196) were in-
cluded in the analysis. The outcome was
reached by 28 of 96 acarbose subjects

(29%) and by 34 of 100 placebo subjects
(34%), with no difference between
groups in the survival analysis (P � 0.65).
The results were no different when ad-
justed for body weight; there were no sig-
nificant changes in mean weight in either

Figure 1—Cumulative probability of reach-
ing the end point of frank fasting hypergly-
cemia (two consecutive quarterly FPG
measurements �140 mg/dl or 7.8 mmol/l).
For each group, the first number (*) repre-
sents the number of subjects not at the end
point at that time period, and the second
number (**) represents the number of sub-
jects at the end point at that time period.

Table 2—Continued

Visit

Acarbose Placebo

n Mean � SD n Mean � SD

Insulin sensitivity index
Baseline 47 0.076 � 0.047 49 0.091 � 0.101
Year 1 30 0.102 � 0.085 29 0.094 � 0.063
Year 2 24 0.089 � 0.047 24 0.094 � 0.058

Insulin AUC early phase (�U � min�1 � ml�1)
Baseline 41 44.2 � 73.6 46 72.1 � 150.0
Year 1 28 100.2 � 155.6 28 104.6 � 130.8
Year 2 25 91.3 � 139.3 21 73.0 � 118.8

Insulin AUC late phase (�U � min�1 � ml�1)
Baseline 43 7,264 � 4,510 42 10,722 � 15,547
Year 1 27 7,031 � 5,950 26 6,383 � 4,248
Year 2 22 7,696 � 6,912 21 8,622 � 10,341

Insulin AUC during MPS (�U � h�1 � ml�1)
Baseline 99 377.2 � 281.3 100 435.1 � 369.0
Year 1 72 268.3 � 223.7 72 300.2 � 241.2
Year 2 62 235.1 � 207.3 52 309.0 � 227.0

Proinsulin-to-insulin ratio
Baseline 68 1.8 � 1.5 70 1.5 � 1.0
Year 1 41 1.7 � 1.3 38 1.7 � 1.1
Year 2 48 1.5 � 0.9 44 1.6 � 0.7

*P � 0.01, †P � 0.05 for difference from placebo at time point. ‡P � 0.05, §P � 0.01 for difference from baseline.
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group. During the study, some subjects
were treated for diabetes with other med-
ications by outside physicians and there-
fore withdrawn from the study. Assuming
that these subjects had more significant
hyperglycemia, we did an analysis defin-
ing progression to frank fasting hypergly-
cemia as either reaching the primary end
point or starting diabetes medication by
another physician. There was no differ-
ence between groups in this analysis (33
of 96 acarbose subjects and 43 of 100 pla-
cebo subjects; P � 0.41 for the difference
in survival curves). Although the survival
curves appear to diverge until month 42,
there was no statistical difference between
groups at any time point, whether frank
fasting hyperglycemia was defined as ini-
tially planned or whether we included the
subjects treated by their primary care
physicians. In a post hoc analysis of sub-
jects with FPG measurements �7.0
mmol/l (126 mg/dl) at randomization,
significantly fewer acarbose subjects (13
of 48) than placebo subjects (31 of 62)
reached a FPG of �126 mg/dl (P � 0.04
for survival analysis).

As shown in Table 2, there were no sig-
nificant differences in measures of insulin
resistance (HOMA-IR or insulin sensitivity
index) over time or between groups. De-
spite the differences in postprandial hyper-
glycemia between treatment groups, at least
over the first 2 years, there were no signifi-
cant differences over time or between
groups for other measures of �-cell func-
tion: HOMA-�, early- or late-phase insu-
lin secretion during hyperglycemic
clamps, proinsulin-to-insulin ratio, or
AUC for insulin during the MPS.

CONCLUSIONS — We assessed whe-
ther ameliorating postprandial hyperglyce-
mia in subjects with early diabetes might
delay or prevent �-cell failure, defined as
progression to frank fasting hyperglycemia.
We used acarbose, a drug known to directly
reduce postprandial glucose without direct
effects on �-cell function, insulin resistance,
or fasting glucose. During the course of our
study, the Study to Prevent NIDDM (STOP-
NIDDM) trial showed that acarbose delayed
the progression of IGT to diabetes (20).
Because IGT is characterized primarily
by mild postchallenge hyperglycemia,
these findings seemed to strengthen our
hypothesis.

As expected, acarbose significantly re-
duced postprandial hyperglycemia when
compared with placebo, at least over the
first 2 years of therapy. Despite this amelio-
ration of postprandial hyperglycemia, we

found no difference in the rate of progres-
sion to frank fasting hyperglycemia in acar-
bose-treated subjects compared with those
treated with placebo. We also found no dif-
ferences between treatment groups in other
measures of �-cell function, including
HOMA-�, early and late insulin secretion,
proinsulin-to-insulin ratio, or AUC for in-
sulin during the MPS.

There are several possible explana-
tions for our results and for the discrep-
ancy between our results in early diabetes
and those of STOP-NIDDM for IGT. One
must always consider whether a negative
study was underpowered. In fact, the rate
of reaching the primary outcome in the
placebo arm was lower than predicted
(34% over 5 years instead of 41%), and
the drop-out rate was higher than ex-
pected. The latter was probably due to the
length and complexity of our trial; addi-
tionally, the changing definition of fasting
hyperglycemia and treatment standards
since 1997 led to more aggressive treat-
ment of diabetes by some subjects’ pri-
mary care physicians. However, the 34%
cumulative incidence rate observed in the
placebo arm is a conservative estimate,
because it assumes that no subject who
terminated early would have reached the
end point. In addition, the results are no
different if we include subjects who began
diabetes therapy outside of the protocol in
the primary end point, and results of all
secondary outcomes related to �-cell
function were similarly negative.

It is possible that the dietary sugges-
tions provided to both groups were po-
tent and overwhelmed any effects of
acarbose on �-cell function. However,
postprandial glucose was significantly
lower in the acarbose group, and acarbose
lowered A1C slightly but significantly
over the first several years, suggesting that
the drug itself had a superior effect on
glycemia. In addition, the dietary inter-
vention was no more potent than that
provided to the placebo arms in studies
such as the DPP and STOP-NIDDM.

Another possible explanation is that
our subjects, like those in the UKPDS and
in clinical practice, were “too far gone”
along the path of �-cell failure for the in-
tervention to affect progression. This
would require us to believe that early di-
abetes is quite different from IGT, a con-
dition in which controlling postprandial
hyperglycemia seems to preserve �-cell
function or at least delay onset of diabetes
(20). Our post hoc analysis of subjects
who entered with FPG �126 mg/dl (pre-
sumably with even earlier diabetes) sug-

gested that the rate of progression to FPG
�126 mg/dl may have been reduced by
acarbose. This would support the argu-
ment that once FPG exceeds 126 mg/dl, it
may be too late to significantly affect
�-cell function.

It is also possible that EDIP truly dis-
proved our hypothesis and that postpran-
dial hyperglycemia is not the primary
driver of �-cell failure. Other factors such
as genetics, lifestyle factors, or postpran-
dial free fatty acids (lipotoxicity) may be
more important. Examining the determi-
nants of progression to frank fasting hy-
perglycemia in our population may help
answer these questions. The results of our
study would seem to support those of a
smaller trial in which acarbose or placebo
was given for 6 weeks to subjects with
IGT. Despite significant reductions in
postprandial hyperglycemia with acar-
bose in that trial, there were no differ-
ences in insulin secretion rates by glucose
ramp clamp nor in the acute insulin re-
sponse to intravenous glucose by fre-
quently sampled intravenous glucose
tolerance tests (21).

Our results lend further support to
efforts to prevent diabetes. It is unlikely
that diabetes could be easily diagnosed in
stages earlier than that of our subjects, a
group in whom treating postprandial hy-
perglycemia did not seem to delay �-cell
failure. Subjects at high risk for diabetes
should be offered interventions known to
delay the onset of early diabetes, such as
acarbose (20), metformin (15), or inten-
sive lifestyle interventions (15,22).
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