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Glycemic responses in insulin-dependent diabetic patients:
effect of food composition13

Thomas A Hughes, Joycelyn Atchison, Jane B Haze/rig, and Buns R Boshell

ABSTRACT This study examined the hypothesis that the glucose component offood and
not the total carbohydrate is the major determinant of the glycemic response in patients with
insulin-dependent diabetes mellitus. Patients were given glucose alone, fructose alone, glucose

+ fructose, lactose, and glucose + fat + protein. Fructose given alone increased the blood
glucose almost as much as a similar amount of glucose (78% of the glucose-alone area, p
< 0.05). However, the same amount of fructose given with glucose produced no greater gly-
cemic response than did glucose alone (108%). Similarly, galactose contributed only slightly

to the glycemic response when given as lactose (122%, p < 0.01) whereas protein and fat had
no additional glycemic effect (101%). To test the above hypothesis in natural foods, patients
were fed an amount of bread (high glycemic index) or apple (low glycemic index) that con-
tamed 25 g glucose. Both challenges produced glycemic responses very similar to 25 g purified

glucose. AmJClinNutr 1989;49:658-66.

KEY WORDS Glycemic index, insulin adjustment, glucose, fructose, galactose, protein,

fat, insulin-dependent diabetes mellitus

Introduction

Insulin adjustment in a patient with insulin-depen-
dent diabetes mellitus (IDDM) continues to be a very
difficult and sometimes arbitrary maneuver (1). These
patients have little endogenous insulin secretion and are
therefore totally dependent on precise dosing of exoge-
nous insulin to counterbalance the many factors that
produce hyperglycemia and hypoglycemia. Food, of all
the factors known to alter blood glucose, probably has
the most frequent and usually a very dramatic impact on
glucose control. Recently there has been a surge of inter-
est in how food affects the blood glucose and particularly
which food components contribute to an increase in the
blood glucose.

Protein and fat seem to augment the glycemic re-
sponse to food very little and in fact usually blunt the
rate of increase in blood glucose by reducing the rate of
absorption (2, 3). Therefore, carbohydrate appears to be
the food component that produces almost all of the
blood glucose inCrease after a meal. However, there is
now substantial evidence that not all carbohydrates in-
crease the blood glucose equally. Jenkins et al (4-6) pre-
sented evidence that the major reason for differences in
the glycemic responses of food is a difference in food di-
gestion and absorption. They coined the term glycemic
index to describe these differences. Crapo et al (7, 8) and
Vaaler et al (9) also showed that cooking has a significant
influence on the glycemic responses ofsome foods, pre-

sumably by altering the digestibility ofthese foods. Gan-
non et al (10), on the other hand, suggested that the car-
bohydrate composition may be a more important deter-
minant than the digestibility of the food. They showed
that in patients with noninsulin-dependent diabetes mel-
litus (NIDDM), 50 g sucrose or lactose have less than
one-half of the glycemic response of 50 g glucose. There
were similar data reported in nondiabetics (1 1). How-
ever, these studies were hampered by considerable varia-
tions in insulin secretion after the different food chal-
lenges.

Therefore, we evaluated the following hypothesis in
patients with IDDM: we propose that the differences in
the glycemic responses offood are primarily determined
by the amount ofglucose in the food and only secondar-
ily by the availability of that glucose. We propose that
this is the case because nonglucose food components will
not be converted to glucose when they are fed with glu-
cose. In this study we sought to determine to what extent
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TABLE I

Patient characteristics

Patient Age
Percentage

0fIBW* Race Sex

Duration

ofIDDMt

Daily dose
of ultralente

y y U

1 25 104 W M 14 26

2 23 111 W M 7 32

3 24 115 W F 14 28

4 26 99 W M #{149}7 44

5 36 91 B M 13 46

6 42 109 W M 19 12

7 30 106 W F 17 36

8 45 92 W F 34 22

9 27 99 W F 2 22

10 37 111 W M 19 44

11 58 103 W F 36 16

12 32 108 W M 9 80

I 33.8 104 15.9 34

C Ideal body weight.

t Insulin-dependent diabetes mellitus.

nonglucose foods contribute to the glycemic response of

food when they are eaten with glucose (either as a mono-
saccharide or a polymer). We chose patients with IDDM
for two reasons. First, these are the patients who are most
in need ofprecise information (as discussed above). Most
studies reported previously were done in nondiabetic
subjects or patients with NIDDM. Second, they have lit-
tle endogenous insulin secretion, which could alter the
glycemic response and, therefore, they should give the
most reproducible results.

Methods

Subjects

Twelve patients with IDDM (Table 1) documented by a pre-
vious history of diabetic ketoacidosis were selected for these

studies. All patients were on chronic therapy with 12-80 U ul-
tralente insulin/d (Squibb, Princeton, NJ) to provide a stable
blood glucose concentration before the food challenge and a
constant basal insulin concentration during the challenge.
These patients normally took regular insulin before each meal
but this was not given during these studies. The mean age of
these patients was 33.8 y with a mean duration ofdiabetes mel-
litus of 15.9 y. Patient 4 had peripheral neuropathy and patient
6 had autonomic neuropathy(impotence). Neither ofthese pa-
tients had evidence ofsignificant delays in gastric emptying be-
cause their plasma glucose peaked within the first 2 h after glu-
cose challenge, which was similar to the other patients. None of
the patients had active retinopathy or proteinuria. All patients
agreed to participate in this study under the provisions of the
Institutional Review Board of the University of Alabama at
Birmingham.

Experimental protocol

Patients were tested after 1000 to eliminate the effects of the
dawn phenomenon. They were instructed to eat a small break-
fast (and lunch if tested in the evening) and take a small pre-

meal dose or doses of regular insulin. On arrival at the clinic
(between 5 and 8 h after their last dose of regular insulin), an
intravenous line was placed in a forearm vein for blood sam-
pling and the patients were monitored until their blood glucose
was stable (no change of > 1.0 mmol. L’ . h�) between 3.33
and 8.33 mmol/L (mean pretest blood glucose concentration
was 5.78 ± 0.44 mmol/L). A food challenge was administered
by mouth and the blood glucose was measured every 10 mm
for the first 90 mm and every 15 mm for the next 90 mm. All
blood glucose measurements were made by use of a Glucos-
can#{174}meter and strips kindly donated by Lifescan Inc, Moun-
tan View, CA. These measurements were checked hourly
against either a meter ofa different brand or an Autoanalyzer#{174}
(Beckman Instruments Inc, Fullerton, CA). Only one food
challenge was given each day. The following challenges were
given:

1) 25’g glucose alone (five �-D-glucose tablets with water).
2) 50 g glucose alone (five j3-D-glucose tablets with water).

3) 25 g glucose (tablets) plus 24 g fructose (obtained in 3-g
packs, powder mixed with water).

4) 24 g fructose alone.
5) 50 g lactose (providing 25 g glucose plus 25 g galactose,

powder mixed with water).
6) 20 g glucose (tablets) plus a combination of22.5 g protein

and 30 g fat given as 7.5 slices of cotto salami (Oscar Meyer,
Madison, WI). This quantity ofsalami contains 4 g glucose so
that a total of24 g glucose was given.

7) 55 g white bread containing 25 g glucose and 27 g total
carbohydrate (from unpublished US Department of Agricul-
ture [USDA] carbohydrate composition tables).

8) 543 g raw apple containing 25 g glucose and 52 g fructose

(from unpublished USDA carbohydrate composition tables).
Initially, patients were given two glucose (alone, 25 g) chal-

lenges. The mean difference in the 3-h blood glucose area be-
tween these two challenges was 17.7% (range 1-40%). The pa-
tients were then given one or more of the other challenges.
Again, each patient was given two challenges ofeach food. Not
all patients were tested with all of the challenges but all were

challenged with 25 g glucose alone.

St atistical analysis

All data are expressed as the mean ± SEM. The area under
each blood glucose curve was determined by calculating the
difference between the blood glucose at each time point and the
blood glucose at time 0 and multiplying this value by the time
interval(either 10 or 15 mm) preceding this glucose determina-
tion. These time slices were then added together for the 3 h of
each test. Because the data were found to be normally distrib-
uted by the Wilk-Shapiro test, either nonpaired or paired t tests
were used to determine differences between groups. Two proce-
dures for calculating the nonpaired I statistic were used to de-
termine differences between blood glucose determinations at
each time interval. First, all challenges were assumed to be in-
dependent tests and, therefore, the n that was used was the total
number oftests performed. In the second analysis, the tests on
each patient were averaged and the mean blood glucose was
used; therefore, the n was the number of patients tested. Both
analyses gave almost identical results except that occasionally
the first analysis showed slightly higher statistical significance.
Because we hypothesized that there would be no differences
between the various food challenges and the first method of
analysis is the one most likely to disprove this hypothesis, we
elected to present the data analysed by this procedure. Similar
analyses were done on the blood glucose area and peak blood
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FIG 1. Change in blood glucose concentration (i�± SEM)after 25 g glucose(#{149}), 24 g fructose(D), and 25 g glucose
plus 24 g fructose (0) in patients with insulin-dependent diabetes mellitus. The base-line blood glucose was 5.78
± 0.28 mmol/L before the glucose challenge, 6.83 ± 0.44 mmol/L before the fructose challenge, and 6.17 ± 0.33

mmol/L before the glucose + fructose challenge. 5p < 0.05 and 55p < 0.01 by nonpaired t test compared with glucose
alone.
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glucose data. In addition, paired t test analyses were done on
the blood glucose area data and power calculations were made
based on p < 0.05, 80% power, and the assumption that a 30%
difference in glycemic response is ofclinical significance.

Individual glycemic indices were calculated for each patient
for each food challenge in the following way: the mean 3-h gly-
cemic response to a particular food challenge (eg, lactose) for
each patient was divided by the mean 3-h glycemic response to
glucose for that patient (100%) and multiplied by 100. Paired t

tests were calculated using these values (12). This analysis
makes it possible to determine whether some individuals re-
spond differently than the group as a whole.

Results

To compare the glycemic responses ofSO and 25 g glu-
cose, three patients were given glucose challenges of 50
and 25 g as glucose tablets (each challenge was given
twice to each patient). Their responses to the two doses
ofglucose were compared. Their 3-h glucose areas were
1525 ±48 vs668 ± 30mmol.L�.min’(50gvs25g,p
< 0.001) and their peak blood glucose response was 1 1.9
± 0.3 vs 6.2 ± 0.4 mmol/L (p < 0.001). The mean mdi-
vidual glycemic index of 50 g glucose was 232% ± 6%
(range 220%-239%). The peak blood glucose after 50 g
glucose occurred between 60 and 105 mm, similar to the
majority of peak blood glucose responses after the 25-g
glucose challenges. These data indicate that doubling the
glucose load approximately doubles the 3-h glycemic re-
sponse.

Next, five patients were challenged with 24 g fructose
alone. Figure 1 shows that the blood glucose was signifi-

cantly lower after fructose than after a similar amount of
glucose from 20 to 120 mm (nonpaired I test). A similar
result was obtained for the 3-h glucose area (Fig 2, fruc-
tose gives 78% ofthe glucose response, p < 0.05) and the
peak blood glucose increase (Fig 3, fructose gives 75% of
the glucose response, p < 0.01). However, when a paired
1 test was used for analysis, only the peak blood glucose
was found to be significantly different at the p < 0.05
level. In addition, we found that the intenndividual re-
sponses to fructose were extremely variable (ranging
from 44% to 1 33%, 79% ± 16%) whereas the intraindi-
vidual responses were fairly consistent. Four patients had
mean differences between their two tests similar to that
seen with the glucose challenges (22%) whereas one pa-

tient had a 63% difference. From these tests, we con-
cluded that a large amount of fructose when given by
itselfis rapidly absorbed and converted to glucose over a
3-h period. This process does not appear to convert 100%
ofthe fructose to glucose in most cases, but usually con-
verts over 50%. Therefore, fructose alone had a signifi-

cant impact on the blood glucose in these patients.
We next tested the effect of fructose when given with

a similar amount ofglucose. Figure 1 shows that at only
one time point was the glycemic response to glucose plus
fructose greater than that of glucose alone. In addition,
there was no difference in the 3-h blood glucose area (Fig
2) or the peak blood glucose response (Fig 3) when either

paired or nonpaired t tests were used for analysis. Power
calculations demonstrated that we had ample power to
detect even a 1 5% difference in glycemic responses in

 at U
N

IV
E

R
S

IT
Y

 O
F

 T
E

N
N

E
S

S
E

E
 M

E
M

P
H

IS
 LIB

R
A

R
Y

 on D
ecem

ber 18, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


Bread

Apple

c�) C)1

Glucose

Fructose

Glucose+ Fructose

Lactose

Co
I I I I I

U

FOOD COMPOSITION AND GLYCEMIC RESPONSES 661

FIG 3. Maximum increase in blood glucose after oral challenge of the indicated foods. Format same as Figure 2.
**p < 0.01 by nonpaired I test and p < 0.05 by paired I test compared with glucose alone.

Glucose

Fructose

Glucose+ Fructose

Lactose

Glucose+ Protein + Fat

Blood Glucose: 3 Hour Area
(min#{149}mmol/l)

FIG 2. Three-hour blood glucose area (see methods for calculation procedure) affer oral challenge ofthe indicated
foods. The bread and apple each had an estimated glucose content of25 g. The number oftests are shown in the box
inside each bar. Each challenge was given twice to each patient. i ± SEM, compared with glucose alone: *p < 0.05

by nonpaired t test and NS by paired I test; �p < 0.01 by nonpaired t test and p < 0.05 by paired t test.

Glucose+ Protein+ Fat

Bread

apply

+

Peak Increase in Blood Glucose
(mmol/l)

 at U
N

IV
E

R
S

IT
Y

 O
F

 T
E

N
N

E
S

S
E

E
 M

E
M

P
H

IS
 LIB

R
A

R
Y

 on D
ecem

ber 18, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


7
LACTOSE

3-

GLUCOSE

0 30 60 90

TIME (Minutes)
120 150

662 HUGHES ET AL

0
U)
0
C.)

.2 5
C!,

.20

cE
0
0)
c
C�

C)

1

FIG 4. Change in blood glucose concentration (1± SEM) after 25 g glucose (#{149})and 50 g lactose containing 25 g
glucose plus 25 g galactose (0) in patients with insulin-dependent diabetes mellitus. The base-line blood glucose was
5.78 ± 0.28 mmol/L before the glucose challenge and 5.28 ± 0.33 mmol/L before the lactose challenge. �p < 0.05

and �p < 0.01 by nonpaired t test compared with glucose alone.

these patients (five patients would be required whereas
we tested nine). This is because of the low individual
variability in these tests compared with the fructose

alone challenges. The individual glycemic indices sup-
port the lack of response to fructose in that the highest
response that we saw in any single patient was 127% and
the average response was 106% ± 1 1%. These results in-
dicate that very little fructose is converted to glucose
when glucose is given at the same time.

Figure 4 shows the blood glucose response to lactose
(containing 25 g glucose and 25 g galactose) compared
with 25 g glucose alone. These results indicate that galac-

tose does add to the glycemic response ofglucose, at least
transiently. After 3 h there was no longer any difference
in the blood glucose concentrations. Similar small in-
creases in the glycemic response were detected when the
blood glucose area (Figure 2, 122% of the glucose alone
response, p < 0.01) or the peak blood glucose response
(Figure 3, 135% ofthe glucose alone response, p < 0.01)
was examined in a nonpaired analysis. When a paired I

test analysis ofthe blood glucose areas was performed, a
similar significant difference was obtained (p < 0.0 125).
However, it must be recognized that this is not an ade-
quate level of significance if the Bonferroni correction is
applied. Because we are doing six comparisons, a p value
of0.008 is required on any individual comparison to be
sure that the difference is truly significant. The mean in-

dividual glycemic index for lactose was 120% ± 6%
(range 101-1 55, p < 0.01). This response was still SUb-
stantially less than would be expected if all of the galac-
tose were converted to blood glucose. Therefore, we con-
dude that galactose when given with glucose probably
does have a small, transient impact on the blood glucose
in these patients.

Figure 5 shows the blood glucose response to 25 g glu-
cose + 22.5 g protein + 30 g fat compared with glucose
alone (25 g). There were no significant differences in the
glycemic responses to these two challenges except for
some slight delay in the glycemic response during the
protein and fat challenge (NS) as would be expected from
previous studies (2, 3). Similarly, there were no differ-
ences in the blood glucose areas or the peak blood glu-
cose responses (Figs 2 and 3). The mean individual gly-
cemic index for glucose, protein, and fat was 97 ± 15.
There was a much wider variability of responses to this
challenge than was seen with the two previous chal-
lenges, both interindividual (glycemic indices ranged
from 59% to 175%) and intraindividual (differences be-
tween the two tests ranged from 9% to 59%, 1 = 27%).
Most patients had lower glycemic responses, probably
the result ofdelayed stomach emptying, whereas one pa-
tient had a high response after both fat and protein chal-
lenges (one was very high, 200%). This type of response
was very unusual because the patient with the next high-
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FIG 5. Change in blood glucose concentration (1± SEM)after 25 gglucose(#{149})and 24 gglucose plus 22.5 g protein
plus 30 g fat (0) in patients with insulin-dependent diabetes mellitus. The base-line blood glucose was 5.78 ± 0.28

mmol/L before the glucose challenge and 5.94 ± 0.33 mmol/L before the protein plus fat challenge.
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est response had an individual glycemic index of 1 14%.

This patient appears to either convert substantial
amounts of protein or fat to glucose or the protein or
fat interferes with the utilization ofthe ingested glucose.
Because of the substantial variability in this data, we do
not have adequate power to detect a 30% difference (1 1
patients are required) in the glycemic responses. There-
fore, we cannot say with confidence that there was no
effect ofprotein and fat on the blood glucose even though
we could not show a statistically significant difference.

To determine whetherglucose and fructose from natu-
ral foods would behave in a fashion similar to that of

purified sugars, we tested our patients with an amount of
white bread (‘-‘92% ofits carbohydrate is glucose) or ap-

ple (-�30% ofits carbohydrate is glucose) that contained
25 g glucose each. Figure 6 shows that bread had a
slightly slower glycemic response than did a similar
amount of purified glucose whereas apple had a slightly
higher response than would be expected from its esti-
mated content ofglucose (like lactose, this difference had
disappeared 3 h after the challenge). However, there were
no significant differences in either the blood glucose area
or peak increase in blood glucose for either challenge
when compared with 25 g purified glucose (Figs 2 and 3)
by either nonpaired or paired I tests. In addition, we have
adequate power with both challenges to detect a 30%
difference in glycemic responses. The mean individual
glycemic index for white bread was 101 ± 6% (range 82-
130%, NS) and apple was 124 ± 11% (range 88-163%, p

< 0.05). Note that the patient with the greatest response
to apple also had the largest response to lactose (155%)
and glucose + fructose (127%) but had a fairly small re-
sponse to fructose alone (56%). It appears that there are
some individuals that convert a small amount of fructose
to glucose in this situation but the majority of fructose
still does not contribute to the glycemic response of the
food.

Discussion

There are two important features ofour patient popu-
lation. First, these were patients with IDDM; therefore,
there was no endogenous insulin secretion to alter the
glycemic responses of the food challenges. This greatly
simplifies the interpretation of our data. It is likely that
there was some residual regular insulin during these tests
because they were started between 5 and 8 h after the

previous insulin injection. However, this was unlikely to
have had a significant impact because the patients blood
glucoses were stable before the food challenge and the
small amount of residual regular insulin is not likely to
effect the large carbohydrate loads that were given (up
to 75 g). Second, there are few published studies where
patients with IDDM were used to determine glycemic
responses to food. It is important to measure the gly-
cemic responses of foods in those groups of patients in
whom you wish to use the information (13).
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FIG 6. Change in blood glucose concentration (� ± SEM) after 25 g glucose (#{149}),white bread containing 25 g
glucose (0), apple containing 25 g glucose (0) in patients with insulin-dependent diabetes mellitus. The base-line

blood glucose was 5.78 ± 0.28 mmol/L before the glucose challenge, 5.39 ± 0.33 mmol/L before the bread, and 5.39
± 0.39 mmol/L before the apple. 5p < 0.05 and �p < 0.01 by nonpaired t test compared with glucose alone.

Our studies in these patients with IDDM indicate that
oral fructose given alone increased the blood glucose al-
most as much as a similar amount ofglucose. However,
the same amount of fructose given with glucose pro-
duced no greater glycemic response than glucose alone.
Similarly, a mixture ofprotein and fat given with glucose
rarely had any additional glycemic effect over that of glu-
cose alone whereas galactose produced only “��-20% of its
expected glycemic response (ifit were entirely converted
to glucose) when given with glucose. From these results,
we would conclude that the glucose content of the food
is the major determinant ofthe glycemic response of that
food. However, if a meal contains very liule glucose
(< 25 g) it is likely that other food components will be
converted to glucose and increase the blood glucose con-
centration. We have no data as yet that indicates how
much dietary glucose is required to prevent this conver-
sion.

Falko et al (1 1) in nondiabetic individuals and Gan-
non et al (10) in patients with NIDDM reported results
similar to ours. Of course their patients had significant
endogenous insulin secretion that complicated their in-
terpretations but despite this their results were very sim-
ilar to the data that we report.

Jenkins et al (4-6) proposed that differences in the gly-
cemic responses of different foods are due to differences
in digestion and absorption. This is likely to be true in

some foods, particularily those with a high fiber content

and/or those that are uncooked (7-9)(foods in which the
glucose is encapsulated in a poorly digestible matrix). It
was clearly shown that these foods have very low gly-
cemic responses. However, the bulk offood that is eaten
by diabetic patients is (unfortunately) not uncooked or
high in fiber so that these factors will play less of a role
than the food composition. Note that Jenkin’s high gly-
cemic index foods tend to be starchy foods (starch is pure
glucose) whereas many of his low glycemic index foods
had a high content offructose (fruits) or galactose (milk).
Therefore, the relative glucose composition of these
foods would predict the glycemic response ifthe nonglu-
cose carbohydrates do not contribute to the glycemic re-
sponse. We propose that the glucose content of a mixed
meal will determine the maximum glycemic response
but if some of the glucose is contained in poorly digest-
ible foods, then this would lower the expected glycemic
response. In addition, nonglucose carbohydrates will sig-
nificantly increase blood glucose only ifthere is little glu-

cose in the meal.
There is biochemical evidence that supports our hy-

pothesis that ingested glucose prevents the conversion of
amino acids and other simple sugars to glucose. These
data were recently reviewed by Katz and McGarry (14).
Because very little ingested glucose is taken up directly
by the liver (I 5, 16), the peripheral blood glucose concen-
tration should accurately reflect the amount of glucose
ingested. Gluconeogenesis appears to continue for sev-
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eral hours after food ingestion but the glucose-6-phos-
phate that is formed is diverted to glycogen synthesis
rather than to free glucose (1 3, 16- 19), apparently due
to reduced activity of glucose-6-phosphatase by an un-
known mechanism. Therefore, in the presence of dietary
glucose, ingested fructose, galactose, or amino acids
would become substrates for glycogen synthesis rather

than for glucose production. An increase in the plasma
insulin concentration could be expected to inhibit glu-
cose production even further (16), suppressing even the
little conversion to glucose that does occur (ie, with lac-

tose above).
There have been studies in patients with IDDM that

appear to conflict with our results. Bantle et al (20) dem-
onstrated that potato and wheat starch produced the

same glycemic response as glucose in patients with
IDDM (as we would predict). However, sucrose pro-
duced almost the same response as glucose and the fruc-
tose response was only slightly less. The design of their
study was such that all ofthe patients received 30 g starch
and 12 g lactose in addition to the test carbohydrates.
They presented no data to show the effect of this base-
line meal alone but it will obviously contribute a signifi-
cant amount to the total response because it provides
50% ofthe total carbohydrate. This would make it more
difficult to identify differences between the various chal-
lenges. All of the challenges were given when the mean
fasting plasma glucose was between 10 and 1 3.88 mmol/
L. This could indicate that these patients were relatively
insulin deficient at the time and probably had relatively
uncontrolled gluconeogenesis. This would promote the
conversion of fructose to glucose and further reduce the
differences between the challenges. Finally, they gave
very large challenges (84 g carbohydrate) and the peak

plasma glucose concentrations were > 1 7.8 mmol/L.
The mean urinary excretion ofglucose during these chal-
lenges ranged from 2 1 .5 to 27.7 g, which indicates that a
large percentage of the carbohydrate was excreted in the

urine. These factors would make it very difficult to iden-
tify differences even if they do exist. Their results in pa-
tients with NIDDM were actually very similar to ours.
The wheat and potato produced increases essentially
identical to glucose whereas sucrose produced a lesser in-
crease and fructose produced the least increase. These

patients all had fasting plasma glucose concentrations of
< 10 mmol/L and their peak plasma glucose concentra-
tions were all < 16.7 mmol/L (urinary glucose excretion

< 6 g). These factors make the differences between the
challenges more apparent.

Vaaler et al (2 1) reported that 36 g carbohydrate from
apple (9 g glucose), banana (23 g glucose), and orange
(19 g glucose) all produced the same glycemic response,
which was very similar to 36 g glucose. In fact, the apple
clearly had a larger response than the other fruits despite
having less glucose. However, like the study by Bantle et
al (20), these patients were all hyperglycemic before test-
ing (10 mmol/L) and had peak blood glucose concentra-
tions > 16.7 mmol/L.

If the Jenkin’s food digestibility hypothesis is correct,

then a tremendous amount of clinical information is

needed to adjust meal insulin dosage. Every food of in-
terest will need to be tested (6) in patients because all
foods have unique structural properties that can influ-
ence their digestion. They will also have to be tested in a
variety ofcombinations because different mixtures may

alter digestion. Ifthe carbohydrate composition theory is
correct then the basic principles of food interaction can
be utilized to estimate the expected glycemic response

(eg, fructose will augment the blood glucose response
very little in the presence ofglucose). Efforts should then

be directed to more thorough analysis of carbohydrate

foods (accurate data is currently very scarce) so that this
information would be available to patients. The major
in vivo question then becomes: to what extent are other
carbohydrates converted to glucose in a variety of clini-
cal situations. Our studies with bread and apple indicate

that very little conversion of fructose to glucose occurs
in patients fed a moderate amount of glucose without

insulin. However, more studies are required to deter-
mine the relative contributions offood composition and

digestibility in other clinical situations with other food

challenges. These studies should be done in patients with
IDDM because these are the patients who are most likely

to use the information.
These questions become critical in these times of very

tight blood glucose control because patients are com-

monly maintaining blood glucose concentrations in the
normal range and even mild excesses ofinsulin can cause
significant hypoglycemic reactions. Ifpatients take insu-
un based on the total carbohydrate content ofmeals and
the fructose or galactose does not increase their blood
glucose but they take insulin as if it will, then they are in
danger ofhaving a hypoglycemic reaction. For example,
ifour patients had taken three times as much insulin for
their apple meal as they took for their bread meal (be-
cause it contained three times as much carbohydrate),
it is very likely that they would have had severe insulin
reactions after the apple because their blood glucose re-
sponses were so similar. Of course, it is even more dan-
gerous if they are only using calories to determine their
meal size because the bulk of calories (fat and protein)
probably produce very little increase in the glycemic re-
sponse ofthe food and probably delay absorption, which
increases the risk of hypoglycemia.

In conclusion, we presented evidence that a major de-
terminant of the glycemic responses of patients with
IDDM is the glucose content of food. If this hypothesis
is confirmed with additional studies ofmixed meals with
a known content ofglucose, then we would propose that
the premeal dosing ofinsulin in these patients should be
adjusted primarily according to the glucose content of
the food and secondarily on the available glucose. CI

We thank Sidney K Elliott and Cindy Nelms fortheirexcellent clini-
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review of this manuscript. Lifescan, Inc donated the blood glucose

monitoring supplies.

 at U
N

IV
E

R
S

IT
Y

 O
F

 T
E

N
N

E
S

S
E

E
 M

E
M

P
H

IS
 LIB

R
A

R
Y

 on D
ecem

ber 18, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


666 HUGHES ET AL

References

1. Malone J, Bellrung J, Malphus E, et al. Good diabetic control-a
study in mass delusion. J Pediatr 1976; 88:943-9.

2. Nuttall FQ, Mooradian AD, Gannon MC, Billington C, Krezowski
P. Effect of protein ingestion on the glucose and insulin response

to a standardized oral glucose load. Diabetes Care 1984;7:465-70.

3. Perrotti N, Santoro D, Genovese S. Giacco A, Rivellese A, Riccardi

G. Effect ofdigestible carbohydrates on glucose control in insulin-
dependent diabetic patients. Diabetes Care 1984;7:354-9.

4. Jenkins DLA, Wolever TMS, Jenkins AL, Josse RG, Wong GS.
The glycemic response to carbohydrate foods. Lancet l984;2:388-

91.

5. Jenkins DLA, Wolever TMS, Wong GS, ci al. Glycemic responses

to foods: possible differences between insulin-dependent and non-
insulin-dependent diabetics. Am J Clin Nutr 1984;40:97l-81.

6. Wolever TMS, Nuttall FQ, Lee R, et al. Prediction ofthe relative

blood glucose response of mixed meals using the white bread gly-
cemicindex. DiabetesCare 1985;8:418-28.

7. Crapo PA, Reaven G, Olefsky J. Plasma glucose and insulin re-

sponses to orally administered simple and complex carbohydrates.
Diabetes 1976;25:741-7.

8. Crapo PA, Insel J, Sperling M, Kolterman 00. Comparison of se-

rum glucose, insulin, and glucagon responses to different types of
complex carbohydrate in noninsulin-dependent diabetes patients.

AmiClinlnvest l98l;34:184-90.

9. Vaaler S, Hanssen KF, Aagenaes 0. The effect ofcooking upon the

blood glucose response to ingested carrots and potatoes. Diabetes

Care l984;7:22l-3.

10. Gannon MC, Nuttall FQ, Krezowski PA, Billington Cl, Parker S.

The serum insulin and plasma glucose responses to milk and fruit

products in Type 2 (non-insulin-dependent diabetic)patients. Dia-
betologia 1986;29:784-9 1.

1 1 . Falko JM, Reynolds JC, O’Dorisio TM, Bossetti B, Cataland S.
The role ofgastric inhibitory polypeptide in the augmented insulin
response to sucrose. Diabetes Care 1982;5:379-84.

12. Statistical Analysis System Institute. SAS user’s guide: statistics.
5th ed. Cary, NC: SAS Institute, Inc, 1985.

13. Coulston AM, Hollenbeck CB, Reaven GM. Utility ofstudies mea-
suring glucose and insulin responses to various carbohydrate-con-
taming foods. Am J Clin Nutr 1984;39: 163-5.

14. Katz J, McGarry JD. The glucose paradox: is glucose a substrate
for liver metabolism? J Clin Invest l984;74:l9Ol-9.

15. Radziuk J, McDonald TJ, Rubenstein D, Dupre J. Initial splanch-
nic extraction of ingested glucose in normal man. Metabolism
l978;27:657-69.

16. Katz LE, Glickman MG, Rapoport S, Ferrannini E, DeFronzo

RA. Splanchnic and peripheral disposal of oral glucose in man.
Diabetes 1983; 32:675-9.

17. DeFronzo RA, Ferrannini E, Hendler R, Felig P. Wahren J. Regu-
lation ofsplanchnic and peripheral glucose uptake by insulin and
hyperglycemia in man. Diabetes 1983;32:35-45.

18. Newgard CB, Foster DW, McGarry JD. Evidence for suppression
of hepatic glucose-6-phosphatase with carbohydrate feeding. Dia-
betes l984;33: 192-5.

19. Shikama H, Ui M. Glucose load diverts hepatic gluconeogenic
product from glucose to glycogen in vivo. Am J Physiol l978;235:
E354-60.

20. Bantle JP, Lane DC, Castle GW, Thomas W, HoogwerfBJ, Goetz
FC. Postprandial glucose and insulin responses to meals containing
different carbohydrates in normal and diabetic subjects. N Engl J
Med 1983;309:7-12.

21. Vaaler S, Wiseth R, Aegenaes 0. Increase in blood glucose in insu-
lin-dependent diabetics after intake of various fruits. Acts Med
Scand 1982;2l2:28l-3.

 at U
N

IV
E

R
S

IT
Y

 O
F

 T
E

N
N

E
S

S
E

E
 M

E
M

P
H

IS
 LIB

R
A

R
Y

 on D
ecem

ber 18, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/



