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The Effect of Low-Glycemic Carbohydrate on Insulin and Glucose Response In
Vivo and In Vitro in Patients With Coronary Heart Disease

Gary Frost, Bruce Keogh, David Smith, Karen Akinsanya, and Anthony Leeds

The insulin resistance syndrome has recently been implicated in the etiology of coronary heart disease, with a possible
metabolic defect at the level of the adipocyte. We report the effects of a low— versus high—glycemic-index (LGl and HGI,
respectively) diet on insulin and glucose response as assessed by oral glucose tolerance test (OGTT) and insulin-stimulated
glucose uptake in isolated adipocytes in a group of 32 patients with advanced coronary heart disease. The area under the insulin
curve following OGTT was significantly reduced after 4 weeks in the LGl group (P < .03), but not in the HGI group.
Insulin-stimulated glucose uptake in isolated adipocytes harvested from a presternal fat biopsy was significantly greater
following the LGl diet (P < .05). This study demonstrates that simple short-term dietary measures can improve insulin

sensitivity in patients with coronary heart disease.
Copyright © 1996 by W.B. Saunders Company

NSULIN RESISTANCE SYNDROME has been pro-

posed as a major risk factor for coronary heart disease.!

It has been postulated that a metabolic defect at the level of
the adipocyte may play a central role.>?

Studies on the postprandial glucose response to carbohy-
drate-containing foods have demonstrated that low—
glycemic-index (LGI) foods—especially those that retard
carbohydrate absorption—decrease the insulin and glucose
response as compared with high-glycemic-index (HGI)
foods, suggesting an increase in insulin sensitivity in normal
volunteers,* non-insulin-dependent diabetics,” and obese
insulin-resistant subjects.5 There are possibly two effects
that account for these observations. First, acute small-
bowel effects of delayed gastric emptying decrease the rate
of amylase breakdown due to retained cell structure and
high amylose starch content, and reduce glucose diffusion
across the intestinal wall.” Second, and possibly of greater
importance, there is evidence to suggest that LGI foods that
contain a significant amount of slowly absorbed ferment-
able carbohydrate ingested the evening before an oral
glucose tolerance test (OGTT) enhance the suppression of
hepatic glucose production and free fatty acids (FFA),
creating a more insulin-sensitive environment.®

The aim of this study was to assess the effect of a 4-week
trial of a LGI versus HGI diet on insulin and glucose
response in vivo and in vitro in a group of patients with
advanced coronary heart disease. We were particularly
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interested in the cffects of a LGI diet aside from the
well-documented small-bowel effects.

SUBJECTS AND METHODS

Thirty-two patients with advanced coronary heart disease on the
waiting list for coronary artery bypass surgery were enrolled in a
randomized study to assess the effect of a LGI versus HGI diet on
insulin and glucose response. The study was approved by the
Research Ethics Committee of the Royal Postgraduate Medical
School and Hammersmith Hospital. There was no significant
difference in demographic characteristics of the two groups,
including adipocyte cell size (Table 1). '

Six weeks before surgery, all subjects completed a 7-day diary of
habitual dietary intake. This was used along with estimated energy
expenditure to plan isocaloric advice based on the subjects’ normal
energy distribution between fat, carbohydrate, and protein. Follow-
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Table 1. Subject Characteristics (mean = SEM)
Characteristic HGI LGI

No. 15 15
Sex

Male 11 12

Female 4 3
Age (yr) 63.46 = 1.97 61.80 = 1.66
Height (m) 1.69 = 0.02 1.71 £ 0.03
Weight (kg} .

1, week 0 83.04 + 2.96 80.17 + 3.55

2, week 4 83.20 + 3.00 80.17 = 3.45
BMI (kg/m?) 29.32 £ 0.92 27.53 = 0.71
Waist (cm) 104.15 + 2.37 97.33 + 3.00
Hips (cm_) 108.69 =+ 2.46 106.87 + 1.58
Waist to hip ratio 0.96 = 0.02 0.91 £ 0.02
Cell diameter (pm) 823=+8 88.3 * 4.1

Abbreviation: BMI, body mass index.

ing this run-in period and an overnight fast, subjects received a 75-g
OGTT. Blood samples were taken at —30, 0, 30, 60, 90, and 120
minutes. An OGTT was chosen instead of a test of the diet, since
we were interested in investigating the effects of long-term low-
glycemic intake other than small bowel effects. The volunteers
were then randomized to-one of two dietary treatments. LGI diet
subjects were encouraged to change one of their major carbohy-
drate sources to a low-glycemic carbohydrate at each meal. HGI
diet subjects were encouraged to avoid LGI foods and to eat
rapidly absorbed carbohydrates. The aim of the dietary manipula-
tion was to change only the type of carbohydrate leaving the other
macronutrients unchanged. All volunteers were given an individu-
alized dietary plan and written advice. Subjects were given financial
support over the period of the study to meet the cost of the dietary
change. Changes in dietary intake were monitored at week 1 and
week 4.

The OGTT was repeated after 4 weeks on the diet. Analysis at
all time points was performed for glucose (glucose oxidase;
Boehringer), FFA (enzyme colorimetric method; Wako, Hamp-
shire, UK), and insulin (radioimmunoassay?). In addition, fasting
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serum was analyzed for triglyceride, cholesterol, high-density
lipoprotein cholesterol, and low-density lipoprotein cholesterol by
enzyme colorimetric assays (Boehringer).

All subjects remained on the assigned diet until the fasting
period (the evening before the operation). During the operation, a
1.5-g presternal fat biopsy was taken for in vitro analysis of
insulin-stimulated glucose uptake in isolated adipocytes. This
technique has been described in detail elsewhere.!%11 Adipocytes
were dispersed using collagenase (1 mg/0.5 g tissue) in a 37°C
vibrating water bath at 140 cycles/min for 75 minutes. Cells were
then filtered, washed, and left in glucose-free oxygenated Krebs-
Ringer buffer for 120 minutes in a shaking water bath at 40
cycles/min. Isolated adipocytes (25 wL concentrated cells, ~ 30,000)
were incubated in 500 wL 1% albumin buffer in the presence or
absence of 1 nmol/L insulin (bovine; Sigma, Poole, UK) for 45
minutes, and then 0.1 p.Ci (300 nmol/L) 2-deoxy-[U-1*C]-D-glucose
(Amersham, Buckinghamshire, UK) was added and the adipocytes
were incubated for a further 15 minutes. The incubation was
terminated by centrifuging the cells through 500 pL silicone oil
(Sigma). The amount of radioactivity associated with the adipo-
cytes was determined by liquid scintillation counting.

To assess how insulin-stimulated glucose uptake in isolated
adipocytes relates to underlying insulin sensitivity, we investigated
the relationship between the above technique and the hyperinsulin-
emic glucose clamp (the gold standard) using standard methodol-
ogy.1? Sixteen volunteers with advanced coronary heart disease
who underwent hyperinsulinemic glucose clamping for another
study volunteered to have a presternal fat biopsy taken.

Statistical Analysis

Results are presented as the mean = SEM. All analyses were
intergroup comparison using Student’s ¢ test (as the data were
normally distributed).

RESULTS

Figure 1 shows a direct significant relationship between
hyperinsulinemic glucose-clamping and insulin-stimulated
glucose uptake in isolated adipocytes (r = .72, P < .02). Of
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32 subjects recruited, one did not complete the study and
one other was diagnosed with lung carcinoma 1 week after
the operation, leaving 15 subjects in each group. Demo-
graphic details are presented in Table 1.

Tables 2 and 3 show the changes in dictary intake at 0, 1,
and 4 weeks in both groups. The HGI group demonstrated
a stable intake throughout the study (Table 2). The LGI
group had a decrease in energy intake at week 1, which was
corrected at that time (Table 3). There was no change in
weight over the period of the study, which suggests that
weight could not account for any effect on insulin resis-
tance. The only significant change was that the glycemic
index in the LGI group decreased from 86 to 76 (P < .01).
Intergroup analysis showed no statistical difference on
baseline glycemic indexes, but did show a significant differ-
ence after 4 weeks on the diet.

Biochemical results are shown in Table 4. The LGI group
showed a significant decrease in incremental area under the
insulin curve at 4 weeks (63 = 10 to 44 = 8, P < .03) that
was not present in the HGI group (61 = 16 to 61 = 10),
with a significant difference between the intergroup compari-
son of the end value (P < .05). There was no significant
change in the glucose response in either group, nor was
there a significant change in fasting insulin or glucose levels.

Of 30 patients reported herein, an additional two pa-
tients refused operation. The data presented for in vitro
glucose uptake by isolated adipocytes are from 13 patients
in the HGI group and 15 in the LGI group. There was a
significant increase in insulin-stimulated glucose uptake in
the LGI group (P < .05; Fig 2). No difference was observed
whether the results were expressed as per cell or per cell
surface area.

DISCUSSION

The immediate postprandial effects on glucose and
insulin levels of LGI foods that retard carbohydrate absorp-
tion are well reported.” Following an overnight fast, as in

Table 2. Changes in Nutrient Intake Over the Study Period in
Subjects Randomized to the HGI Diet {mean + SEM)

Intake Week 0 Week 1 Week 4

Energy (kcal) 2,100 = 127 2,142 + 156 1,942 = 116
Protein

g 925 876 83x6

% 18 =1 17 =1 17 =1
CHO

g 263 = 18 239 = 16 232+ 15

% 47 = 2 43 + 2 45 = 2
Fat

g 79+ 6 90 = 10 75+ 6

Y% 342 37=x2 35=x2
Alcohol

g 5x+2 104 104

% 21 3+1 4+ 1
P:S ratio 0.44 = 0.06 0.54 £0.09 0.55 = 0.06
Total nonstarch polysac-

charides 14 £ 1 131 131
Glycemic index 90 x2 90 =3 91 £1

Abbreviations: CHO, carbohydrate; P:S, polyunsaturated to satu-
rated.
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Table 3. Changes in Nutrient Intake Over the Study Period in
Subjects Randomized to the LGI Diet (mean = SEM)

Intake Week 0 Week 1 Week 4

Energy (kcal) 2,017 =140 1,708 +96 1,875 + 148
Protein

g 79+ 6 804 80+4

% 16 £1 191 181
CHO

g 226 + 12 206 + 12 220 + 20

Y% 432 46 = 2 45 = 3
Fat

g 80 = 10 62+8 7311

% 352 32x3 34=x3
Alcohol

g 19 =5 104 16 =7

%o 7£2 4+1 42
P:S ratio 0.66 + 0.07 0.73+0.10 0.70 + 0.0
Total nonstarch polysac-

charides 14 + 2 13+1 14 =
Glycemic index 86 £ 2 72 + 2% 76 + 1*

NOTE. Abbreviations are as in Table 2.
*P < .05 v HGI group.

this study, it is unlikely that small-bowel effects would play a
role, since the transit time of similar foods is 8 to 12 hours.13
Our study suggests that although a LGI diet over a 4-week
period did not change fasting insulin and glucose levels,
there was a significant decrease in the amount of insulin

Table 4. Changes in Insulin, Glucose, and Lipid Levels Over the
Dietary Intervention Period {mean + SEM)

HGI Group LGl Group

Parameter Start End Start End
Fasting insufin

(pmol/L) 80 + 15 84 + 15 76 = 18 84 + 16
Insulin incre-

mental area

under the

OGTT curve

(nmol/L/min) 61+ 16 61+ 16* 6310 44 + 8*
Fasting giucose

{mmol/L) 6905 62x02 79+x08 73=x03
Glucose incre-

mental area

under the

OGTT curve

{mmol/

L/min) 527 + 104 551 +90 61276 451+ 106
FFA (mmol/L)

0 minutes 0.22 + 0.03 0.21 £ 0.03 0.34 £ 0.1 0.31 + 0.1
120 minutes 0.03 = 0.01 0.04 = 0.01 0.09 = 0.04 0.07 = 0.03

Total cholesterol

{mmol/L) 654 0.2 621=031 68027 6.1x0.28
Triglycerides

(mmol/L) 1.54 = 0.16 1.58 £ 0.28 1.81 + 0.33 1.89 = 0.32
LDL cholesterol

(mmol/L) 45021 432033 49027 43=x0.31
HDL cholesterol

{mmol/L) 1.08 £ 0.09 1.01 = 0.07 1.07 £ 0.11 1.00 = 0.11

Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipo-
protein.
*P < .05.
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Uptake (attomol/min/cell)
N

HGI LGI
Diet
Fig 2. Insulin-stimulated in vitro glucose uptake in adipocytes

following LGI or HGI diet. (W) Basal; () stimulated. *Intergroup
significant difference, P < .05.

needed to handle a standard glucose load following an
overnight fast in patients with severe coronary artery
disease. Similar findings have been recently reported in
normal individuals, using similar methodology.1* It is
possible that some of the metabolic effects of reduced
hepatic glucose production described by Thorburn et al® are
playing a role here.

As a method for assessing insulin sensitivity, insulin-
stimulated glucose uptake in isolated adipocytes correlates
with hyperinsulinemic glucose clamp results. Since adipose
tissue may play a central role in insulin resistance, it is of
interest to establish a direct method for assessing insulin
sensitivity in this tissue.? Continuing investigation by our
team, using insulin-stimulated glucose uptake in isolated
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adipocytes, has shown an uptake of 2.1 + 0.4 amol/cell/min
in a group with demonstrable coronary heart disease versus
3.1 = 0.55 amol/cell/min in a group with normal coronary
arteries undergoing valve surgery (P < .05, unpublished
data, March 1996). Interestingly, this difference is similar to
that reported herein between patients on the 4-week LGI
diet (3.0 = 0.5 amol/cell/min) and those in the HGI group
(1.7 = 0.4 amol/cell/min, P < .05), suggesting an improved
insulin sensitivity in the adipose tissue. A recent study using
adipocytes from rats after 3 weeks of a LGI diet had similar
findings of increased glucose uptake.!s

Together, the improved insulin response and increased
insulin-stimulated glucose uptake in the LGI group suggest
an improved insulin sensitivity in response to a glucose
load. The mechanism for the observed effect of the LGI
diet remains to be elucidated. Others have suggested that
short-chain fatty acids from increased large-bowel fermen-
tation may play a role.® We were unable to demonstrate a
change in the level of FFA on the LGI diet, and therefore,
if the change in insulin resistance is due to large-bowel
fermentation, it may be via a direct effect of short-chain
fatty acids on liver and peripheral tissue rather than via
changes in FFA.

The results of this study indicate the potential for LGI
diets to increase insulin sensitivity in free-living subjects
with advanced coronary disease.
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