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SUMMARY

We have studied the effects of dextrose, rice, potato, corn, and
bread on postprandial plasma glucose and insulin responses in 16
subjects. All carbohydrate loads were calculated to contain 50 gm.
of glucose. The data demonstrate (1) that dextrose and potato elicited similar plasma glucose responses whereas rice, corn, and
bread elicited lower responses; (2) similarly, dextrose and potato
elicited similar and greater plasma insulin responses than rice and
corn, with the response to bread being intermediate; (3) when the
study group was divided in half, on the basis of each subject's
one-hour plasma glucose response to dextrose, the differences in
the plasma glucose and insulin responses were greater in the subjects with the highest glucose response to dextrose than in the low
responders. In conclusion, there is a range of plasma-glucose and
insulin responses to different complex carbohydrates, with rice and
corn producing the lowest response curves. Furthermore, these
differences are accentuated in patients with reduced glucose tolerance. DIABETES 20:1178-83, December, 1977.

Epidemiologic studies 1 " 3 have reported that as nations become more affluent, the nature of the people's
carbohydrate consumption changes such that the ratio
of complex (starches) to simple carbohydrates decreases. It has been suggested that this change in dietary pattern is responsible for the occurrence of various
diseases, such as atherosclerosis,3"6 diabetes, 4 " 6 and
hyperlipemia. 7 " 10 One proposed physiologic basis underlying such suggestions is a traditionally held tenet
that simple carbohydrates are more readily available
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for immediate absorption by the gut than are more
complex carbohydrates and that they therefore produce a greater and faster rise in postprandial plasma
glucose and insulin responses than do the supposedly
more gradually digested and absorbed complex
carbohydrates. 11 " 13 Consequently, diets restricted in
simple carbohydrates have been recommended in disease states in which control of plasma glucose and/or
insulin is felt to be important. 1 4 1 5 This concept of
carbohydrate digestion and absorption has been challenged, however, in studies by Dahlqvist and
Borgstrom 16 and Fogel and Grey. 17 These workers
have demonstrated that after test meals, more than
enough intraluminal amylase is present to rapidly
hydrolyze ingested starch. They concluded that absorption, not intraluminal digestion, was the ratelimiting step in over-all starch assimilation.
On the other hand, we have recently shown 18 that
complex carbohydrates resulted in lower glucose and
insulin responses than equivalent amounts of glucose
or sucrose, indicating that despite adequate amylase,
the process of starch digestion proceeds more slowly.
We also found that glucose and insulin responses to
cooked potato were significantly greater than the glucose and insulin responses to rice. These latter findings suggest that not all starches are treated identically by gastrointestinal digestive and absorptive
processes. If there are significant differences in these
processes, then grouping all complex carbohydrates
together may cause confusion in evaluating
epidemiologic and other study findings and may contribute to less effective and less precise dietary intervention.
In order to pursue and expand our previous findings, we have studied the effects of four different
kinds of dietary starch (potato, rice, corn, and wheat)
on postprandial plasma glucose and insulin responses.
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MATERIALS AND METHODS

Sixteen normal volunteers, two women and 14
men, were studied. The mean weight of the study
group was 165 lb. and the mean relative weight, according to Metropolitan Life Tables, was 0.96, with a
range of 0.87 to 1.03. No subject ingested any drug
known to affect glucose or insulin metabolism, and all
subjects had normal oral glucose tolerance tests according to criteria of the American Diabetes Association. 19 During the course of the study, each subject
consumed a weight-maintenance solid-food diet that
included at least 200 gm. of carbohydrate each day.
Five different carbohydrate sources were studied. The
composition of these test carbohydrate loads is outlined in table 1. The carbohydrate content of each of
the test substances was independently determined by
chemical analysis, and the test doses were calculated
so that the glucose load in all of them was 50 gm. All
studies were conducted after an overnight fast, and

their order was randomized. At 8 a.m., subjects were
given one of the substances to consume. Because the
dextrose was given in a 500-ml. volume, the subjects
consumed 500 ml. of water along with each starch
meal in order to eliminate meal volume as a variable.
They consumed the entire test load in 15 minutes.
Blood samples were drawn for measurement of plasma
glucose and insulin at time zero, and at 30, 45, 60,
120, and 180 minutes following the beginning of the
period of consumption. There was at least a one-day
interval between each study.
Analytic methods. Samples for plasma glucose were
collected in EDTA tubes and measured by a Beckman
Glucose Analyzer (Beckman Instruments, Fullerton,
Ca.) by the glucose oxidase method. Plasma immunoreactive insulin was measured by the method of
Desbuquois and Aurbach. 20 Statistical analysis was
carried out by the use of the paired /-test for dependent means.

TABLE 1
Composition of carbohydrate test loads*
Carbohydrate

Amount
gm.

CHO
gm.
50

Pro.
gm.
0

Fat
gm.
0

Preparation

A.

Glucose

B.
C.
D.

Ricef

61, dry

50

4.9

0.8

Boiled, 20-30 minutes

Russet potato

317 , raw

50

6.3

1.7

Baked in foil

Diet-pack wholekernel corn

279 , drained solids

50

7.9

1.8

Heated

White, enriched
wheat bread

102

50

8.7

2.9

Slices, served plain

E.

50

Dissolved in water and
brought to a total volume of
500 ml. Lemon flavoring added.

•Analysis of the carbohydrate, protein, and fat content of the rice, potato, corn, and bread was performed by Food Products Labs, San
Francisco, California, and the resulting data were used in calculating the test loads, tUncle Ben's Converted Brand rice.
TABLE 2
Mean (±S.E.) glucose and insulin responses during the oral carbohydrate tolerance tests*

F
±
±
±
±
±

2.0
2.3
2.8
2.2
2.4

136
133
119
122
128

1.2
1.2
1.2
2.0
5.8

84 ± 12.1
64 ± 9.9t
57 ± 11.Of
46 ± 7.311
46 ± 7.71

1.
2.
3.
4.
5.

Dextrose
Potato
Bread
Rice
Corn

92
89
90
95
90

1.
2.
3.
4.
5.

Dextrose
Potato
Bread
Rice
Corn

9 ±
7 ±
8 ±
10 ±
6 ±

30'
± 8.1
± 3.9
± 3.7*
± 4.9f
± 5.4

Plasma glucose (mg./100 ml.)
45
60'
132 ± 8.6
121 ± 8,0
125 ± 8.2
138 ± 6.1
117 ± 5.6t
113 ± 5.4
111 ± 6.1§
104 ±5.111
105 ± 8.Ill
120 ± 7.6t
Plasma insulin (fiU./ml.)
59 ± 6.7
78 ± 13.3
76 ± 10.0
61 ± 8.3
51 ± 5.3
51 ± 7.6t
29 ± 4 . 5 §
37 ± 5.411
24 ± 4 . 1 §
35 ± 4.9H

90
92
96
97
93

120
i 5.5
: 4.4
: 3.7
: 2.9
= 2.6

17
19
22
16
8

d
:
:
i
±

3.2
4.1
4.9
1.8
1.6§

82
88
92
96

180'
dt 2.9
:t 2.211
:t 1.9H
:t2.5§

92 Ht

2.311

7 it 1.3

7 :t
10 :t
10 i:
8 it

1.6
2.2
1.5
1.6

•Statistical comparisons indicate the significant differences between the dextrose values and the values of the various starches, tRepresents p <
0.05. ^Represents p < 0.01. ilRepresents p < 0.005. §Represents p < 0.001.
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FIG. 1. Mean plasma glucose responses to dextrose, rice, corn,
potato, and bread.

sponse to potato is delayed, being significantly (p <
0.05) lower than dextrose at 30 minutes. The plasma
insulin responses to both dextrose and potato are significantly higher than the plasma insulin responses to
rice and corn until 120 minutes; the insulin response
to bread was somewhat intermediate.
The total areas under the glucose response curves
(A) and the insulin response curves (B) are summarized in figure 3. Despite the fact that the early
glucose peaks to potato and dextrose are higher, the
areas under all of the glucose response curves are essentially identical, and this is due to the rapid return to
baseline (or below baseline) levels of the glucose response curves to dextrose and potato at 120-180 minutes. The total areas under the insulin response
curves, however, are different. Dextrose and potato
give the highest insulin responses, bread elicits a
slightly lower but not statistically different response,
and rice and corn give the lowest responses.

RESULTS

160

120

I

CO

1

8

so 40
0

I

3
°

i i i i

i

ph

I

1 i i i i

~

1

1180

240

|> 200

1

FIG. 2. Mean plasma insulin responses to dextrose, rice, corn,
potato, and bread.
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The mean (± S.E.) plasma glucose and insulin responses to each of the oral carbohydrate loads at all
time points are given in table 2.
In figure 1 it can be seen that the plasma glucose
responses to dextrose and potato are significantly
higher than the plasma glucose responses to rice and
bread until 120 minutes; the glucose response to corn
is somewhat intermediate.
The plasma insulin responses to the different carbohydrates are summarized in figure 2. The plasma
insulin response curves to dextrose and potato are
similar with the exception that the peak insulin re-

#?
FIG. 3. Total areas under the plasma glucose (A) and plasma insulin (B) response curves for dextrose, potato, bread, rice,
and corn. None of the glucose area responses are significantly different. There are no significant differences between the insulin area responses to dextrose, potato, and
bread or between the responses to rice and corn. However,
the rice and corn responses are significantly different from
the dextrose, potato ( p < 0.01), and bread (p < 0.05) responses.

To examine the interaction between a subject's glucose tolerance and his response to the different carbohydrate loads, the study group was divided in half
on the basis of each subject's one-hour plasma glucose
response to dextrose. The data from the "high responders" (figure 4A) and "low responders" (figure
4B) were then analyzed separately. It can be seen that
the differences in plasma glucose response to the various carbohydrates are accentuated in the subjects who
were "high responders," as compared with "low responders." If the insulin responses are examined in
similar fashion (figure 5), it can be seen that the difDIABETES, VOL. 2 6 , NO. 12
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FIG. 4. Mean plasma glucose responses to dextrose, rice, corn,
potato, and bread in the high responders (A) and in the low
—. responders-(B). It should be noted that none of the high
responders had chemical diabetes. *

ferences in plasma insulin response to the different
carbohydrates are also greater in the "high responders"
(5A) than in the "low responders" (5B).
DISCUSSION

We have studied the effects of four different kinds
of dietary starch on postprandial plasma glucose and
insulin responses. The results show that there is a
range of plasma glucose and insulin responses to different starches. The plasma glucose and insulin responses following potato ingestion are similar to the
responses following oral dextrose, while rice, corn,
and bread have lower responses. These results support
the idea proposed in our earlier study 18 that the rate of
digestion and absorption is not the same for all orally
ingested starch molecules. The mechanism(s) for the
differences between starches is not clear, although gasDECEMBER, 1977
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-FIG. 5. Mean plasma insulin responses to~ dextrose, rice, corn,
potato, and bread in the high responders (A) and in the low
responders (B).

trie emptying time, physical availability of starch to
hydrolytic enzymes, and differences in the stimulation
of gastrointestinal insulinogenic hormones may be factors. The similarity shown in the areas under the glucose response curves for all of the carbohydrate loads
may suggest that all of the carbohydrate ingested (regardless of composition) was eventually absorbed.
However, in spite of the equality in glucose area,
there are significant differences in the insulin responses when expressed as area under the curve. Thus,
determinants other than plasma glucose level are
modulating the insulin response. In this regard, protein has been shown to stimulate insulin secretion. 21
However, the differences in protein content between
the starches is small (see table 1), and it is unlikely
that such differences could be responsible for the di1181
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vergence seen in the insulin responses. Alternatively,
it is possible that some other factor(s) within the given
foodstuffs has an insulin stimulatory effect. It seems
more likely to us that the rates of transit, digestion,
and absorption of the carbohydrates are the other important factors in modulating the insulin stimulatory
mechanism.
Our results indicate that the subjects with the
higher plasma glucose responses to dextrose (most
glucose intolerant) have greater differences in their
glucose and insulin responses to the oral starch loads
than the subjects with the lower glucose responses.
Although we did not study patients with diabetes,
one can speculate that the differences between the
glucose and insulin responses would be even more
noticeable in diabetic patients. In this event, a more
specific therapeutic recommendation could be made in
regard to the quality of carbohydrate to include in the
diet in order to minimize glucose and insulin excursions. Further studies in diabetic subjects will be
necessary to confirm this speculation.
Since the data demonstrate a range of glucose and
insulin responses to different starches, previously held
ideas classifying starches as a single group, specifically
in regard to glucose and insulin metabolism, must be
reassessed. It is clear that the restriction of dietary
carbohydrate for the purpose of reducing glucose and
insulin excursions is not a simple matter. That is, it
may not be sufficient to restrict simple carbohydrates
in order to alter the plasma glucose and insulin levels.
If it is therapeutically important to lower the postprandial plasma insulin and/or glucose responses, then
specifying the type of complex carbohydrate to use in
the diet may be an important adjunct in achieving
these goals. Clearly, further studies of other foodstuffs
would allow even more precise recommendations, and
such studies are indeed indicated. Furthermore,
epidemiologic data calling attention to the ratio of
simple to complex carbohydrates may need to be
reevaluated in light of our evidence that all complex
carbohydrates can not be assumed to give equal
metabolic responses. If the epidemiologic evaluations
can be made on the basis of the predicted glucose and
insulin responses to particular carbohydrate sources
rather than on the assumption that complex carbohydrates form a homogeneous group, conclusions based
on such studies could be more specific.
Lastly, it should be pointed out that we have
studied only the acute responses to these carbohydrates, and the relevance of these results to long-term
ingestion of the starches cannot be assumed. If the
1182

long-term and acute responses are comparable, then
there would be some obvious implications of these
results. Since hyperinsulinemia can promote hypertriglyceridemia, 22 one could anticipate that if the
starch giving the lowest postprandial insulin and glucose responses (rice) was used preferentially over that
which gave higher responses (potato), significant improvement in plasma triglyceride levels would occur.
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