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OBJECTIVE — To determine if weight loss may prevent conversion of impaired glucose toler-
ance (IGT) to diabetes, because weight loss reduces insulin resistance. The prevalence of 1GT in the
U.S. population is estimated at 11.2%, more than twice that of diabetes. Furthermore, because an oral
glucose tolerance test is needed for its detection, most of these patients are undiagnosed. Screening for
IGT would be meaningful if progression to diabetes could be delayed or prevented.

RESEARCH DESIGN A N D METHODS— For an average of 5.8 years (range 2-10
years), 136 individuals with IGT and clinically severe obesity (>45 kg excess body weight) were
followed. The experimental group included 109 patients with IGT who underwent bariatric surgery
for weight loss. The control group was made up of 27 subjects with IGT who did not have bariatric
surgery. The criteria of the World Health Organization was used to detect IGT and diabetes in this
population. The main outcome measure of this nonrandomized control trial is the incidence density,
or number of events (development of diabetes) divided by the time of exposure to risk.

RESULTS — Of the 27 subjects in the control group, 6 developed diabetes during an average of
4.8 ± 2.5 years of postdiagnosis follow-up, yielding a rate of conversion to diabetes of 4.72 cases per
100 person-years. The 109 individuals of the experimental group were followed for an average of 6.2
±2.5 years postbariatric surgery. Based on the 95% confidence interval of the comparison group, we
would expect to find that between 22 and 36 subjects in the experimental group developed diabetes
over the follow-up period. Only 1 of the 109 experimental-group patients developed diabetes, result-
ing in a conversion rate of the experimental group of only 0.15 cases per 100 person-years, which is
significantly lower (P < 0.0001) than the control group.

C O N C L U S I O N S — Weight loss in patients with clinically severe obesity prevents the pro-
gression of IGT to diabetes by >30-fold.
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I mpaired glucose tolerance (IGT) is a
new diagnostic category coined by the
National Diabetes Data Group (NDDG)

in 1979 (1) and adopted by the World
Health Organization (WHO) in 1980 (2).
Individuals included in this category are
those whose fasting plasma glucose (FPG)
concentration is less than the level diag-
nostic of diabetes (140 mg/dl) and whose
2-h glucose concentration after a 75-g
oral glucose tolerance test (OGTT) is be-
tween normal and diabetic values (140 to
200 mg/dl. Thus, to diagnose IGT, an
OGTT needs to be performed, a proce-
dure rarely used in today's clinical prac-
tice.

This new diagnostic category is
important for several reasons. The preva-
lence of IGT in the U.S. population 20-74
years of age is high, being estimated at
11.2% by the WHO criteria and esti-
mated at 22.8% in the oldest age group
(3). Furthermore, subjects with IGT are at
higher risk for the development of mac-
rovascular disease (4,5) and type II diabe-
tes (6-14). A longitudinal study of the
natural history of IGT found that approx-
imately one-fourth developed type II dia-
betes at 5 years and two-thirds at 10
years, with one-third reverting to normal
(6).

As established previously, the
prevalence of type II diabetes and IGT is
increased by obesity (3). Although short-
term improvement in glucose tolerance
by caloric restriction (15) or weight loss
(13) has been shown in individuals with
IGT, the long-term impact of these inter-
ventions on the development of clinical
diabetes is unknown. This is an important
issue because, as indicated by the NDDG
(1), a case for detection of IGT in the gen-
eral population should rest on our ability
to intervene, and possibly prevent, the
progression to clinical diabetes. Herein,
we demonstrate that weight loss does pre-
vent the progression of IGT to type II di-
abetes.

RESEARCH DESIGN A N D
METHODS— From 1 February 1980
to 31 October 1991,168 individuals with
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Table 1—Baseline characteristics of the subjects with IGT

n
Age (years)
Sex (M/F %)
Race (black/white %)
BMI (kg/m2)
Alcohol consumption (%)
Smoking (%)
BP (mmHg)

sBP
dBP

FPG (mM)
2-h glucose (mM)
Fasting plasma insulin (pM)
2-h insulin (pM)
Follow-up (years)

Experimental
group

109
36 ± 8
14/86
17/83

48 ± 8
18
26

132 ± 17
85 ± 11
6.0 ± 0.7
9.2 ± 0.8
231 ± 164 (58)

1217 ± 751 (55)
6.2 ± 2.5

Control
group

27
37 ± 10
11/89
15/85

51 ±9
25
38

136 ± 14 (26)
84 ± 9 (26)
6.1 ±0.7
9.0 ± 0.8
228 ± 132 (22)

1133 ± 705(22)
4.8 ± 2.5

P value

0.68
0.72
0.83
0.15
0.43
0.20

0.30
0.68
0.46
0.32
0.93
0.65
0.01

Data are means ± SD. The number of subjects studied was 109 for the experimental group and 27 for the
control group unless indicated in parentheses.

clinically severe obesity (45 kilos over the
1983 median weight of the Metropolitan
Life Insurance Tables) were diagnosed as
IGT per WHO criteria during their preop-
erative evaluation (2) for gastric bypass
surgery. Of these individuals, 167 were
found eligible for the operation and 130
underwent the operation. Of the 130 in-
dividuals, 109 have had a minimum of 2
years postoperative blood glucose follow-
up; these subjects make up the experi-
mental group of this study. A total of 37
individuals did not undergo surgery, 27
of whom have had at least 2 years of fol-
low-up. These subjects did not undergo
surgery because of personal choice or
other nonmedical reasons. These subjects
did, however, agree to be followed in a
manner similar to the experimental group
and therefore provide an adequate con-
trol group.

Each patient underwent a thor-
ough medical and laboratory evaluation,
an interview with a psychologist, and sev-
eral evaluations to measure mental
health, physical and role functioning,
economic status, and education levels, as
described previously in detail (16). Each
patient had a 75-g OGTT as recom-

mended by the WHO (2). The diagnostic
criteria for IGT was that of the WHO (2).
Postoperative care and follow-up visits
have been described elsewhere (16) and
included a minimum of nine visits the
first year, two visits the second year, and
yearly visits thereafter. Once a gastric by-
pass operation is performed, an OGTT is
of undefined diagnostic value, and is also
unacceptable to the patient because of the
dumping syndrome. Therefore, the fol-
low-up data are based on the presence or
absence of diabetes as defined by the
WHO, i.e., an FPG concentration >140
mg/dl on two occasions or a random
plasma glucose reading >200 mg/dl plus
classical symptoms of diabetes. This ap-
proach underestimates the rate of conver-
sion to diabetes because it would not
identify those patients with an FPG con-
centration <140 mg/dl and a 2-h plasma
value past 75 g OGTT >200 mg/dl. How-
ever, identical diagnostic criteria was
used for the control group. The glucose
assay was performed by the hexokinase
method on an Abbott Spectrum instru-
ment (North Chicago, IL). Insulins were
performed using an INCstar kit (Stillwa-
ter, MN).

Statistical analysis
The statistical analysis was conducted us-
ing the SAS software with graphics per-
formed using Plot-It (17). Descriptive
statistics, such as means, standard devia-
tions, counts of events, and totals, were
calculated for the comparison and exper-
imental groups. A Student's t test for in-
dependent samples was used to compare
various characteristics between the two
groups. Pearson's ^ was used to test for
differences between binary variables. The
incidence densities (events divided by
time of exposure to risk), incidence den-
sity ratios, and tests of hypothesis were
calculated as discussed by Kleinbaum et
al. (18). Confidence intervals (CI) (95%)
were conducted under an exponential
model, following the approach given by
Kalbfliesch et al. (19).

RESULTS— Table 1 summarizes the
baseline characteristics of the experimen-
tal and the control groups.

Patients with IGT make up 31.1 %
of the total cohort of patients with clini-
cally severe obesity that was entered in
the study from 1980 to 1991. Of the re-
maining patients, 27.2% have type II dia-
betes and 41.7% have normal OGTT, as
per the WHO diagnostic criteria (2). The
prevalence of IGT in this obese popula-
tion is more than double that of the gen-
eral population (2), but similar to that of
other obese populations (6).

Figure 1A shows the means ± SE
of the FPG in the experimental group be-
fore surgery and the FPG and/or random
plasma glucose of the same patients after
surgery. Figure IB shows the percentage
of excess body weight lost during the 10
years of follow-up. The numbers in pa-
rentheses represent the data from the pa-
tients at that point of follow-up. The
closed circles represent the entire group
except for one patient, represented by
open circles, who developed type II dia-
betes at year 3 of follow-up.

A statistically significant decrease
in plasma glucose occurs (P < 0.0001 at 3
months to 0.0048 at 10 years) throughout
the duration of the study that usually pre-
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Figure 1—The means ± SE of the FPG before

gastric bypass and the FPG and/or random

plasma glucose after surgery is shown (A). SE bars

are not displayed if they are smaller than the sym-

bol. The entire group ( • ) except for the single

patient who developed type 11 diabetes (O) is rep-

resented. The percentage of body weight is shown

(B). Numbers in parentheses represent data from

the patients at that point of follow-up.

cedes maximum weight loss. This oc-
curred also in the only subject that subse-
quently developed type II diabetes. This
individual did not have any preoperative

characteristics different from the group
and failure to lose weight is likely the major
reason for the conversion to type II diabetes.

In contrast to this extraordinarily
low rate of progression from IGT to dia-
betes in the experimental group, 6 of the
27 subjects in the control group devel-
oped type II diabetes during an average
4.8 ± 2.5 years of follow-up. The diagno-
sis of type II diabetes was established in
one patient during year 1, in one patient
during year 2, in two patients during year
3, in one patient during year 4, and in one
patient during year 6. The control group
did not lose weight during the follow-up
period. None of the preoperative charac-
teristics disclosed in Table 1 were differ-
ent between the control group with or
without diabetes.

Table 2 shows the statistical dif-
ferences in conversion from IGT to diabe-
tes between the experimental group and
the control group. Also included are
data from seven longitudinal studies (6—
11,14) on the natural history of conver-
sion from IGT to diabetes.

The rate of conversion to diabetes
in our comparison group is 4.72 cases per
100 person-years, which is identical to
the average incidence rate of the seven
previous studies summarized in Table 2.

In contrast, the conversion rate of
the experimental group is only 0.15 cases

per 100 person-years. Thus, the inci-
dence density ratio of the experimental
group indicates a >30-fold decrease in
the risk of developing NIDDM after
weight loss.

CONCLUSIONS— We report that
weight loss prevents the development of
type II diabetes in an extremely high-risk
population for the disease. Individuals
with IGT who did not lose weight devel-
oped type II diabetes at a rate of 4.72
cases per 100 person-years, which is sim-
ilar to that reported previously by others
(6-11,14) and is summarized in Table 2.
In contrast, loss of ~50% of excess body
weight resulted in a significant reduction
in the conversion rate to type II diabetes
to a low of 0.15 cases per 100 person-
years.

Though type II diabetes is a ge-
netic disease, the phenotype is influenced
by other factors, such as obesity, seden-
tary lifestyle, and aging. Although not all
patients with IGT develop diabetes, and
some reverse spontaneously to normal,
IGT provides a unique patient population
to test preventive therapy—either with
weight loss, exercise, or preferably both.

IGT in obesity is mainly the result
of a reduction of insulin action (21). The
resulting hyperglycemia then signals in-
creased insulin secretion, initiating a cycle

Table 2—Conversion from IGT to diabetes

Study

Experimental group
Control group
Reference number

14
7
11
8
6
5
10

Incidence of

NIDDM
(patient years)

1/682
6/127

19/1938
14/255
5/91

48/2506
118/1267
27/1020

3/57

Incidence rate
(100 person-years)

0.15
4.72

0.98
5.49
5.49
1.92
9.31
2.65
5.26

95% CI

Lower

0.05
3.46

0.83
4.53
3.89
1.73
8.75
2.31
3.28

Upper

0.24
5.98

1.13
6.45
7.10
2.10
9.87
2.98
7.25

T ' 1

Incidence
ratio

1.00
31.47

6.53
30.13
36.60
12.80
62.07
17.67
35.07

P value

<0.0001

<0.0001
<0.0322
<0.0001
<0.0010
<0.0001
<0.0001
<0.0001

Patient years is the sum of individual total years from the point of initial IGT diagnosis. Individual years were truncated by one of three events: date last seen by
physician, date of NIDDM diagnosis, date of death. Incidence ratios and P values were compared with the experimental group.
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leading to j3-cell unresponsiveness to glu-
cose, insulin exhaustion, and then diabe-
tes. Weight loss may contribute to break-
ing this cycle because obesity itself is a
common cause of insulin resistance with
multiple cellular defects—most of which
are reversible after proper treatment (22).

The patient population in our
study, and the method used for weight
loss, are neither representative of the ma-
jority of obese subjects nor of the optimal
treatment modality. Of the 34 million
obese adults in America, between 3 and 7
million are severely obese, exceeding
their ideal body weight by >45 kg. Our
study includes only severely obese sub-
jects. The morbidity and mortality rates of
these patients present a difficult problem
to health providers because of the high
rate of medical treatment failures. The
earlier surgical procedures, such as jeju-
noileal bypass, were associated with un-
acceptable complications and have been
abandoned. Previously, the National In-
stitutes of Health consensus conference
(23) on bariatric surgery indicated that
the newer surgical procedures, such as
gastric bypass and vertical banded gastro-
plasty, are more appropriate procedures.
The method used for weight reduction in
our study is gastric bypass surgery. Some
changes in the gastrointestinal tract that
alter insulinotropic hormones and the
rate of nutrient absorption might account
for the decrease in progression to diabetes
rather than any effect of weight loss per se.
Therefore, it should be established that
less obese individuals with 1GT are able to
prevent or delay their conversion to type
II diabetes by weight loss using less inva-
sive therapeutic procedures. Although we
believe this will be the case, new data
need to be generated to test this hypoth-
esis. For now, we have made a case for the
detection of IGT in demonstrating the
success of intervening to block the pro-
gression to clinical diabetes.

Diabetes is a major health prob-
lem costing 150,000 American lives and
>$20 billion each year. Accordingly,
methods to prevent the disease should be
a top public health priority.
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