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Previous studies indicate that diets rich in digestible
carbohydrates improve glucose tolerance in
nondiabetic individuals, but may worsen glycemic
control in NIDDM patients with moderately severe
hyperglycemia. The effects of such high-carbohydrate
diets on glucose metabolism in patients with mild
NIDDM have not been studied adequately. This study
compares responses to an isocaloric
high-carbohydrate diet (60% of total energy from
carbohydrates) and a low-carbohydrate diet (35% of
total energy from carbohydrates) in 8 men with mild
NIDDM. Both diets were low in saturated fatty acids,
whereas the low-carbohydrate diet was rich in
monounsaturated fatty acids. The two diets were
matched for dietary fiber content (25 g/day). All
patients were randomly assigned to receive first one
and then the other diet, each for a period of 21 days, in
a metabolic ward. Compared with the low-carbohydrate
diet, the high-carbohydrate diet caused a 27.5%
increase in plasma triglycerides and a similar increase
in VLDL-cholesterol levels; it also reduced levels of
HDL cholesterol by 11%. Plasma glucose and insulin
responses to identical standard breakfast meals were
studied on days 4 and 21 of each period, and these did
not differ significantly between the two diets. At the
end of each period, a euglycemic hyperinsulinemic
glucose clamp study with simultaneous infusion of
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NIDDM, non-insulin-dependent diabetes mellitus; VLDL, very-low-density
lipoprotein; HDL, high-density lipoprotein; LDL, low-density lipoprotein; total/
HDL cholesterol, ratio of total cholesterol to HDL cholesterol; IGT, impaired
glucose tolerance; FPG, fasting plasma glucose; OGTT, oral glucose toler-
ance test; HGO, hepatic glucose output; BMI, body mass index; HbA1c,
glycosylated hemoglobin; fla, rate of glucose appearance; fld, rate of glucose
disposal; apoB, apolipoprotein B; ANOVA, analysis of variance; CHD, coro-
nary heart disease.

[3-3H]glucose revealed no significant changes in
hepatic insulin sensitivity; and peripheral
insulin-mediated glucose disposal remained
unchanged (14.7 ±1.4 vs. 16.5 ± 2.3 jiM • kg'1 • min"1

on the high-carbohydrate and low-carbohydrate diets,
respectively). We conclude that in patients with mild
NIDDM, high-carbohydrate diets do not improve
glycemic control nor insulin sensitivity, and they raise
plasma triglyceride and VLDL-cholesterol
concentrations and reduce HDL-cholesterol levels,
which may not be desirable. Diabetes 41:1278-85,
1992

Diets rich in digestible carbohydrates improve
glucose tolerance in healthy, nondiabetic indi-
viduals (1-5). Based on these studies of nor-
mal subjects, and some reports of improve-

ment in glycemic control with high-carbohydrate diets in
NIDDM patients (6-8), an increase in carbohydrate and
dietary fiber content in the diet is widely advocated for
patients with NIDDM (9,10). However, no universal
agreement has been reached that high-carbohydrate
diets are appropriate dietary therapy for NIDDM patients
(11). For example, studies from our group (12) and others
(13-16) found a worsening of glycemic control with
high-carbohydrate diets, compared with low-carbohy-
drate intakes, in patients with moderately severe NIDDM.
These findings suggest a need to reevaluate the recom-
mendation of a high-carbohydrate diet for NIDDM pa-
tients in general.

In patients with mild NIDDM, who do not require insulin
or oral hypoglycemic drugs for metabolic control, the
effects of a diet high in carbohydrate are unclear. It
remains to be determined in mild NIDDM patients
whether such a diet improves glucose tolerance, as
observed in nondiabetic subjects, or worsens glycemic
control, as seen in patients with moderately severe
NIDDM. Few dietary studies have been carried out in
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TABLE 1
Baseline characteristics of NIDDM

Patient
number

1
2
3
4
5
6
7
8

Age
(yr)

67
58
70
62
64
52
69
62

Height
(m)

1.56
1.70
1.78
1.77
1.71
1.78
1.75
1.73

patients

Weight
(kg)

72.5
75.4
83.5
99.2
86.0

109.0
99.9
86.2

BMI
(kg/m2)

30.0
26.2
26.4
31.8
29.6
34.4
32.7
28.8

HbA1c
(%)
5.4

12.0
5.6

12.9
7.0

10.0

8.0

Total

5.5
10.1
6.3
5.7
4.2
5.7
5.0
6.6

A. GARG. S.M. GRUNDY.

Plasma cholesterol (mM)

VLDL

1.5
2.5
1.6
1.5
1.9
3.0
1.1
0.5

LDL

3.4
6.5
3.9
3.5
1.7
2.1
2.9
5.4

HDL

0.65
1.03
0.85
0.72
0.59
0.57
0.96
0.62

AND R.H. UNGER

Plasma
triglycerides

(mM)

3.8
5.9
3.5
3.9
3.3
7.6
2.8
1.3

patients with mild NIDDM. In one study, Brunzell et al. (4)
reported a slight improvement in glucose tolerance with a
high-carbohydrate diet when the results for normal sub-
jects were combined with those patients that had IGT and
mild NIDDM. However, when the group with IGT and mild
NIDDM was considered separately from normal subjects,
no improvement in glucose tolerance or insulin response
was noted during the high-carbohydrate diet compared
with a low-carbohydrate intake. In another study, Ander-
son noted a slight lowering of FPG levels when a high-
carbohydrate diet was used in patients with IGT or mild
NIDDM, although overall results of OGTTs revealed no
significant improvement in glucose and insulin response
(17).

Therefore, in view of the continuing uncertainty about
the effects of high-carbohydrate diets in mild NIDDM, the
primary question addressed in this study was whether a
diet rich in digestible carbohydrates could improve gly-
cemic control and/or insulin sensitivity (insulin-mediated
changes in HGO and peripheral glucose disposal) in
patients with mild NIDDM. The study also compared the
effects of a high-carbohydrate diet with those of a low-
carbohydrate diet, rich in monounsaturated fatty acids,
on plasma lipids and lipoproteins.

RESEARCH DESIGN AND METHODS
Eight men with NIDDM were studied at the General
Clinical Research Center of the Parkland Memorial Hos-
pital (Dallas, TX). The protocol for this study was ap-
proved by the institutional review board, and each patient
gave informed consent. Characteristics of the patients at
the time of entry into the study are given in Table 1.
Patients with NIDDM were ages 52-70 yr (mean ± SE
63 ± 2 yr). All patients had an insidious onset of diabetes
mellitus with minimal symptoms, after age 44 yr. None of
the patients had a history of ketosis or insulin therapy.
Their body weights and BMIs averaged 89.0 ± 4.5 kg
and 30.0 ± 1.0 kg/m2, respectively. Diagnosis of NIDDM
was confirmed in each patient by a standard OGTT (75 g
glucose) using criteria of the National Diabetes Data
Group (18). Each patient therefore had an FPG >7.8 mM
and/or a 2-h postprandial value >11.1 mM. All patients
were on dietary therapy only for glycemic control. Two
patients who were previously under oral sulfonylurea
therapy had discontinued the drugs 4 mo and 1 yr,
respectively, prior to the study. All patients were main-

taining stable body weight and glycemic control prior to
entry into the study, and only patients with mild NIDDM
(FPG <10 mM) were eligible. None of the patients had
thyroid, kidney, or liver disease, nor a history of recent
myocardial infarction, unstable angina pectoris, conges-
tive heart failure, or any acute infection. Patients were not
taking any antihypertensives, diuretics, hypolipidemic
drugs, or hormones known to affect glucose or lipid
metabolism.
Experiment design. All NIDDM patients were studied
during two hospitalizations in the Research Center, each
lasting ~3 wk. During a baseline period of 5 days, all
patients received an isocaloric diet as recommended by
the American Diabetes Association (9). The purpose of
the baseline period was to estimate energy intake
needed for maintaining a constant body weight. There-
after, all patients received two study diets—a high-
carbohydrate diet and a low-carbohydrate, high-fat diet
that was rich in monounsaturated fatty acids. Each diet
was administered for a period of 21 days using a
crossover randomized design. Four of the patients re-
ceived the low-carbohydrate diet first and the other 4
received the high-carbohydrate diet first. For a median
interval of 6.5 days (range 2-25 days) between the two
dietary periods, the patients were out of the hospital on
isocaloric diets.
Diets. During the baseline period, patients received the
diet prescribed by the American Diabetes Association; it
contained 55% of total energy as carbohydrates, 27% as

TABLE 2
Composition of study diets

High-carbohydrate
diet

Low-carbohydrate
diet

(% energy intake/day) {% energy intake/day)

Protein
Carbohydrate

Simple
Complex

Fat
Saturated
Monounsaturated
Polyunsaturated

15
60
11
49
25
8

12
5

15
35
10
25
50
11
32
7

Calculations based on the U.S. Department of Agriculture's
Handbook, no. 8-15 (26).
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TABLE 3
Sample menu for study diets (10.2 MJ/day)

High-carbohydrate diet

Food item

Breakfast
Egg substitute
Bran flakes
Sugar substitute
Skim milk
Whole-wheat bread
White bread
Freeze-dried coffee
Orange juice
Corn oil
Palm oil
Olive oil

Lunch
Ground round beef
Egg, whole blended
Dehydrated onion flakes
Macaroni/spaghetti*
Tomatoes (canned)
Asparagus/green beans* (canned)
White bread
Applesauce/peaches* (canned)
Graham crackers
Instant tea
Corn oil

Dinner
Chicken breast (skinned)
Flour
Dehydrated onion flakes
Rice/dehydrated potatoes*
Green peas/carrots* (canned)
Iceberg lettuce
Vinegar
White bread
Pineapple/pears* (canned)
Tea
Corn oil

Bedtime snack
White bread
Graham crackers
Orange juice

Weight (g)

75
30

1
240

25
25

4
200

3
9

14

60
17
2

40
75

100
50

150
42

2
5

75
5
2

45/50
100
75
10
75

100
2
6

50
42

120

Low-carbohydrate diet

Food item

Breakfast
Egg substitute
Bran flakes
Sugar substitute
Skim milk
Whole-wheat bread
White bread
Freeze-dried coffee
Orange juice
Corn oil
Palm oil
Olive oil

Lunch
Ground round beef
Egg, whole blended
Dehydrated onion flakes
Macaroni/spaghetti*
Tomatoes (canned)
Iceberg lettuce
Whole-wheat bread
Fresh tomatoes
Orange/apple*
Olive oil
Diet lemon

Dinner
Chicken breast (skinned)
Flour
Dehydrated onion flakes
Rice/dehydrated potatoes*
Green peas/corn* (canned)
Whole-wheat bread
Peaches/pears* (canned)
Olive oil
Diet cola/ginger ale*

Bedtime snack
Whole-wheat bread
Peanut butter
Applesauce/pineapple* (canned)

Weight (g)

75
30

1
240

25
25

4
200

3
9

14

90
10
2

30/20
75

100
25
50

100
35

250

90
5
2

25/20
75
25
75
47

250

25
15
75/100

Items with a slash indicate that the two items were given on alternate days of the week.

fat, and 18% as protein. The diet provided 300 mg of
cholesterol and 30 g of dietary fiber daily.

Nutrient compositions of the two study diets are shown
in Table 2. Both diets consisted of mixed natural foods: a
sample menu for each is given in Table 3. Patients were
allowed some choice of food items but diet composition
remained constant. The high-carbohydrate diet provided
25% of total energy as fat (8% saturated, 12% monoun-
saturated, 5% polyunsaturated fatty acids) and 60% as
carbohydrates (11% simple, 49% complex). The low-
carbohydrate diet provided 50% of total energy as fat
(11% saturated, 32% monounsaturated, 7% polyunsatu-
rated fatty acids) and 35% as carbohydrates (10% sim-
ple, 25% complex). The protein (15% of total energy),
cholesterol (200 mg/day), and dietary fiber (25 g) con-
tents of the study diets were matched. Individual food
items were weighed daily and meals were prepared in
the metabolic kitchen of the Research Center. Olive oil
was used as the main source of fat in the low-carbohy-

drate diet, whereas a mixture of corn oil and palm oil was
used in the high-carbohydrate diet. Patients were al-
lowed to consume plain coffee or tea in restricted
amounts. Energy intakes were adjusted to maintain a
constant body weight during the study. Patients were
instructed to maintain a constant level of physical activity
restricted to level walking—and they were advised not to
engage in any form of strenuous physical activity
throughout the study.
Procedures. A standard OGTT with 75 g of glucose was
conducted in the baseline period. Blood was collected
for determination of HbA1c levels, and each patient
collected 24-h urine for quantitative determination of
glucose and creatinine.

Plasma glucose concentration was measured at 0300,
0700, 1100, 1600, and 2000 each day during hospital-
ization. During each study period, an isocaloric (2.9 MJ)
breakfast meal of standard composition was used to
conduct meal tolerance tests on days 4 and 21. Meal
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tolerance tests were conducted after an overnight fast of
12 h. At -0700, an intravenous cannula was placed in a
forearm vein for blood sampling. After we collected three
baseline blood samples at -30, -15, and 0 min, patients
ate the breakfast meal in a 15-min period, then blood was
collected again at 30, 60,90,120,150,180,210, and 240
min. Blood samples were collected for determination of
plasma glucose and insulin.

On day 22 of each study period, a euglycemic, hyper-
insulinemic glucose clamp study was conducted after an
overnight fast according to the method of DeFronzo et al.
(19). Insulin-mediated glucose uptake was determined at
a physiological concentration of insulin by giving a
primed, continuous intravenous infusion of regular hu-
man insulin (Squibb-Novo, Princeton, NJ) at a rate of 40
mil • m~2-min~1 for a duration of 120 min. Plasma
glucose was measured at 5-min intervals from 0 to 120
min during the clamp study and was maintained at
fasting level in all patients. To estimate HGO and glucose
turnover during the clamp study, a primed, continuous
intravenous infusion of [3-3H]glucose (Du Pont-NEN,
Boston, MA) was started at a rate of 2.36
nCi • kg"1 • min"1 at 120 min before the initiation of
insulin infusion (-120 min) and was continued through-
out the duration of the clamp. Arterialized venous blood
samples were collected in heparinized syringes from the
dorsum of the hand at 10-min intervals from -40 to 120
min for determination of insulin levels and assessment of
specific activity of [3-3H]glucose. Ra in the plasma was
calculated by measuring specific activity of [3-3H]glu-
cose in the plasma and using modified Steele's equation
(20), assuming the volume of distribution of glucose to be
210 mL/kg (21). Rd was calculated from the Ra by
subtracting urinary glucose excretion and using space
correction. During the hyperinsulinemic phase of the
glucose clamp study, negative values for the HGO, if any,
were assumed to be equal to zero.

Blood was drawn after an overnight fast for lipid and
lipoprotein analysis during the baseline period on day 0,
and daily on days 19-22 during both dietary periods.
HbA1c concentration was determined at the end of each
dietary period. Each patient also collected 24-h urine
specimens on each of the last 3 days of both dietary
periods for quantitative determination of glucose and
creatinine.
Biochemical analyses. Plasma and urine glucose con-
centrations were assayed by glucose oxidase method
(Beckman Glucose Analyzer, Beckman Instruments, Ful-
lerton, CA). The specific activity of glucose was deter-
mined from plasma samples deproteinized by barium
hydroxide and zinc sulfate precipitation, according to
Meneilly et al. (22). Quantitative analysis of HbA-,c was
conducted with kits for agar-gel electrophoresis (Helena
Laboratories, Beaumont, TX). Insulin levels were deter-
mined by modification (23) of the radioimmunoassay
described by Yalow and Berson (24).

Fasting plasma samples were analyzed for total cho-
lesterol, triglycerides, and lipoprotein cholesterol accord-
ing to Lipid Research Clinic procedures (25), except that
cholesterol and triglycerides were measured enzymati-
cally. Briefly, VLDL (density < 1.006 kg/L) were removed

TABLE 4
Metabolic variables during the study

Baseline*

High- Low-
carbohydrate carbohydrate

diett diett

Mean plasma
glucose^ (mM)

Energy intake
(MJ/day)

Body weight (kg)
HbA1c (%)
Urinary glucose§

(g/day)

—

—
89.0 ± 4.5

8.7 ± 1.1

0.3

7.7 ± 0.8

10.2 ±0.3
87.6 ± 4.0

7.8 ± 0.8

0

7.6 ± 0.8

10.3 ±0.3
87.8 ± 4.3

7.1 ±0.7

0
Values are means ± SE, except where noted.
*Baseline values are given for reference.
tAII comparisons between the high-carbohydrate and low-
carbohydrate diet periods not significant.
tMean of daily plasma glucose values obtained at 0300, 0700,
1100, 1600, and 2000 h.
§Median values reported.

by preparative ultracentrifugation, and cholesterol was
measured in the VLDL subfraction and the infranatant.
Plasma HDL cholesterol was measured in the superna-
tant after lipoproteins containing apoB were precipitated
by heparin-manganese. Cholesterol in LDL fraction was
taken as the difference between the cholesterol content
of the 1.006 kg/L infranatant and HDL cholesterol.
Statistical methods. The two-tailed, paired Student's
Mest was used to compare metabolic variables between
the two study diets. The Wilcoxon signed-rank test was
used for data not consistent with the hypothesis of
normality. To analyze plasma glucose and insulin re-
sponses to meal tolerance tests, areas under the curves
were compared by ANOVA with two repeated factors,
day and diet. In addition, glucose and insulin responses
to meal tolerance tests during each dietary period were
analyzed with three-factor repeated measures of ANOVA
using the individual values at each time point. Interaction
between days and diets, as well as main effects were
examined. All results are expressed as means ± SE.

RESULTS
During the last 4 days of each dietary period, mean
plasma glucose concentrations (measured at 0300,
0700, 1100, 1600, and 2000 each day) were similar for
patients on both diets (Table 4). Five patients had no
glycosuria on either of the diets, whereas the other 3
patients showed a reduction in glycosuria on the low-
carbohydrate diet (0, 1.5, and 30 g/day, respectively)
compared with that on the high-carbohydrate diet (0.13,
3.0, and 67 g/day, respectively). Daily energy intake
(calculated from foods weighed and consumed using the
US Department of Agriculture's Handbooks; 26), body
weight, and HbA1c concentrations were similar during the
last week of each dietary period.

The sequence in which patients received the low-
carbohydrate and high-carbohydrate diets did not affect
results. The results of plasma lipids and lipoproteins are
given in Table 5, and the individual responses of the
patients are presented in Figure 1. Compared with the
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TABLE 5
Plasma lipid and lipoprotein levels during the study

Baseline
(day 0)*

High-carbohydrate
diet

(days 18-21)

Low-carbohydrate
diet

(days 18-21)
P

valuet

Plasma cholesterol (mM)
Plasma triglycerides (mM)
VLDL cholesterol (mM)
LDL cholesterol (mM)
HDL cholesterol (mM)
Total/HDL cholesterol

6.14 ±0.62
4.01 ± 0.68
1.71 ±0.27
3.68 ± 0.57
0.75 ± 0.06
8.32 ± 0.63

5.12 ±0.28
3.25 ± 0.28
1.44 ±0.14
3.01 ± 0.37
0.68 ± 0.04
7.65 ± 0.38

4.89 ± 0.25
2.55 ± 0.31
1.13 ±0.17
3.01 ± 0.32
0.76 ± 0.05
6.57 ± 0.40

0.12
0.002
0.021
0.97
0.013
0.007

Values are means ± SE.
*Baseline values are given for reference.
tSignificance between the high-carbohydrate and low-carbohydrate diet periods. Pvalues were determined by a two-tailed, paired
Student's t test.

low-carbohydrate diet, the high-carbohydrate diet re-
sulted in a 27.5% increase in plasma triglyceride
(P < 0.02) as well as in VLDL-cholesterol concentrations
(P < 0.02). No significant differences were observed for
plasma total cholesterol (P=0.12) or LDL-cholesterol
(P = 0.97) levels between the two diets; however, the
high-carbohydrate diet lowered HDL-cholesterol levels
by 11% (P < 0.013), resulting in a significant increase in

Triglycerides VLDL - Cholesterol
5

4

3

E 2

1

0

2.5

2

1.5

i 1
0.5

0
High
Carb

Low
Carb

High
Carb

Low
Carb

HDL - Cholesterol
1.1 r

0.9

0.7

0.5 =

Total/HDL - Cholesterol
10 r

High
Carb

Low
Carb

High
Carb

Low
Carb

FIG. 1. Plasma levels of triglycerides, VLDL cholesterol, HDL
cholesterol, and the total/HDL cholesterol during the
high-carbohydrate diet (High Carb) and the low-carbohydrate diet
(Low Carb) periods In 8 patients with NIDDM. Each (•) represents
mean of four dally determinations.

total/HDL cholesterol (P < 0.007) compared with that on
the low-carbohydrate diet.

Figure 2 shows plasma glucose and insulin responses
to the standard breakfast meal tolerance tests on days 4
and 21 of each dietary period. The nutrient composition
of the test meal was identical in each period (Table 3).
Results of the meal tolerance tests, using either the actual
data at each time point of the meal tolerance test or the
area under the curve values, were essentially similar. Day
and diet comparisons are shown in Table 6. A significant
interaction was noted between day and diet (P = 0.05)
for plasma glucose responses: the low-carbohydrate diet
caused lower plasma glucose excursion on day 21
compared with day 4 (P= 0.03), whereas plasma glu-
cose responses on days 4 and 21 of the high-carbohy-
drate diet were similar. Multiple comparisons, however,
revealed no difference in plasma glucose excursions
between the diets at either day 4 or 21 of the meal
tolerance test (Table 6). Insulin responses to the test
meals were not significantly different between the two
periods.

Results of the glucose clamp studies are shown in

2 12
E. 11

H 1°
Q

0 8

<o 7
| 6
1 5

4

^1600

•f 1200

800

o"-
-30 0 60 120

Time (min)
180 240 60 120

Time (min)
180 240

FIG. 2. Plasma glucose and insulin responses (means ± SE) to a
standard breakfast meal tolerance test on days 4 and 21 of each diet
period. ( • — • ) , mean values for the high-carbohydrate diet (High
Carb); ( • • ) , mean values for the low-carbohydrate diet (Low
Carb). The meal was given at time 0 and was consumed within 15 min.
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TABLE 6
Plasma glucose and

Glucose (mM • h)
Insulin (pM • h)

insulin responses to the standard meal tolerance test

High-carbohydrate diet

Day 4

35.4 ± 3.5
2390 ± 528

Day 21

36.4 ± 4.1
2788 ± 696

A. GARG. S.M. GRUNDY. AND R.H. UNGER

Low-carbohydrate diet

Day 4

36.7 ± 3.8
2470 ± 594

Day 21

35.1 ± 4.2*
2668 ± 792

Values are means ± SE for area under the curve.
*AN0VA revealed significant interaction (P= 0.05). Multiple comparisons revealed significant difference (P= 0.02) between days
4 and 21 of the low-carbohydrate diet period. All other comparisons were not significant.

Table 7, and the individual values of fasting HGO and R6
during the hyperinsulinemic phase are shown in Fig. 3.
Fasting values of plasma glucose and insulin were similar
on both diets. HGO was not significantly different on the
two diets: 7.20 ± 0.34 vs. 6.85 ± 0.48 M<M • kg"1 • min"1

on the high-carbohydrate diet and low-carbohydrate
diet, respectively (P= 0.40). As per the protocol of the
euglycemic, hyperinsulinemic glucose clamp study,
nearly equal levels of plasma glucose and insulin were
maintained during the last 60 min of the study. Mean Rd
during the hyperinsulinemic phase of the clamp study on
the high-carbohydrate diet was 14.71 ±1.45 |xM •
kg"1 • min"1, compared with 16.53 ± 2.33 |xM • kg"1 •
min"1 on the low-carbohydrate diet (P = 0.18). An equal
suppression of HGO was observed during the hyperin-
sulinemic phase of the clamp study during the two
dietary periods (P= 0.99).

DISCUSSION
High carbohydrate intakes are recommended for NIDDM
patients to replace saturated fat and thereby reduce
LDL-cholesterol levels, so as to minimize risk of CHD
(9,10,27). Furthermore, high-carbohydrate diets for
NIDDM patients often are justified by demonstrations that
they improve glucose tolerance in nondiabetic individu-
als (1-5). However, recent studies by our group (12) as
well as others (14-16) suggest that high-carbohydrate
diets cause mild deterioration of glycemic control, par-
ticularly in patients with moderately severe NIDDM. Gly-
cemic response to high-carbohydrate diets in patients
with mild NIDDM has not been studied adequately. This
study was designed therefore to assess response of
high-carbohydrate intakes on plasma lipids and lipopro-
teins, glycemic control and insulin sensitivity in patients
with mild diabetes mellitus.

As shown previously for patients with more severe

NIDDM (12,15,16), the high-carbohydrate diet in this
short-term study caused an increase in plasma triglycer-
ide and VLDL-cholesterol levels and significantly lowered
concentrations of HDL cholesterol, compared with a diet
low in carbohydrates and high in monounsaturated fatty
acids. Levels of plasma total cholesterol and LDL cho-
lesterol were similar for both the study diets, as de-
scribed previously (12). The high-carbohydrate diet also
increased total/HDL cholesterol compared with the low-
carbohydrate diet. Although the diets were given for the
short period of 3 wk each, previous studies indicate that
a stable lipoprotein response can be observed during
such a period (15,16,28).

Whether increases in plasma triglyceride and VLDL-
cholesterol concentrations and a reduction in HDL-cho-
lesterol levels induced by a high-carbohydrate diet are
atherogenic or not is uncertain. Recently, Sacks and
Willett concluded that the evidence is insufficient to
assume that the lowering of HDL levels by a reduction in
fat intake is innocuous (29). Patients with NIDDM usually
have low HDL-cholesterol levels and any further lowering
by way of diet may not be desirable. Although the role of
hypertriglyceridemia in causing CHD is debated, hyper-
triglyceridemia is a strong predictor of CHD mortality in
NIDDM patients (30-32). In vitro studies also support the
role of hypertriglyceridemia as a risk factor in NIDDM:
Kraemer et al. (33), for example, reported that VLDL
particles from NIDDM patients caused a greater increase
in cellular triglyceride and cholesterol ester accumulation
in mouse peritoneal macrophages than VLDL from nor-
mal subjects. This suggests that VLDL particles may be
as atherogenic as LDL particles in NIDDM patients (34).
Therefore, further augmentation of hypertriglyceridemia
and elevation of VLDL-cholesterol levels by high-carbo-
hydrate intakes may increase risk for CHD in NIDDM
patients. Although only long-term prospective studies of

TABLE 7
Metabolic variables during euglycemic-hyperinsulinemic glucose clamp studies

Fasting values (-40 to 0 min) Clamp values (60 to 120 min)

Plasma
glucose

(mM)

Plasma
insulin
(PM)

HGO
kg 1 • min"1)

Plasma
glucose

(mM)

Plasma
insulin
(pM)

Rd Residual HGO
k g " 1 • min"1) (|xM • k g " 1 • min"1)

High-carbohydrate diet 5.9 ± 0.5 111 ± 15 7.20 ± 0.34 5.8 ± 0.4 606 ± 29 14.71 ± 1.45 1.29 ±0.44
Low-carbohydrate diet 5.7 ± 0.4 116 ±16 6.85 ± 0.48 5.7 ± 0.4 628 ± 28 16.53 ± 2.33 1.28 ±0.49
Pvalue 0.33 0.42 0.40 0.22 0.50 0.18 0.99

Values are means ± SE.

DIABETES, VOL. 41, OCTOBER 1992 1283



CARBOHYDRATES AND INSULIN SENSITIVITY

I
o

n i

1
o>

A,.

1 *
20

5
"§ 10

£ 5j

High
Carb

Low
Carb

High
Carb

Low
Carb

FIG. 3. Mean fasting HGO (-40 to 0 mln) and Ra (60-120 mln) during
the euglycemlc hyperlnsullnemlc glucose clamp study on the
high-carbohydrate diet (High Carb) and the low-carbohydrate diet
(Low Carb) periods In 8 patients with NIDDM. ( • ) , mean values for
each dietary period.

dietary modification can prove whether changes in lipo-
proteins induced by high-carbohydrate diets are athero-
genic or not, the increase of VLDL and lowering of HDL in
NIDDM patients on high-carbohydrate diets is worri-
some.

Moreover, the high-carbohydrate diets did not improve
insulin sensitivity in NIDDM patients. First, the mean
plasma glucose level (monitored five times a day during
the preprandial state) during the last 4 days of each
study period showed no improvement during the high-
carbohydrate diet period. Second, in the 3 patients who
had glycosuria, daily urinary glucose excretion dimin-
ished on the low-carbohydrate diet. Third, meal tolerance
tests were conducted on days 4 and 21 of each study
period to assess acute as well as longer-duration post-
prandial responses of plasma glucose and insulin; no
difference was observed between the two diets on either
of the days. If anything, the plasma glucose response
improved on day 21 of the low-carbohydrate diet com-
pared with day 4 of the same diet. Fourth, the overall
results of the euglycemic, hyperinsulinemic glucose
clamp studies revealed no improvement in Rd during the
hyperinsulinemic phase on the high-carbohydrate diet
compared with the low-carbohydrate diet. In fact, the Rd
value was slightly—but not significantly—lower on the
high-carbohydrate diet. Neither do the results suggest a
change in hepatic insulin sensitivity. Baseline (fasting)
HGO remained essentially the same on the two diets,
and, during the hyperinsulinemic, euglycemic phase of
the glucose clamp study, equal suppression of HGO was
observed on the two study diets. Thus, data from this
study suggest that a high-carbohydrate diet does not
improve glycemic control or insulin sensitivity in mild
NIDDM patients.

Recently, the notion that high-carbohydrate diets, short
of extreme changes in carbohydrate intake, may improve
insulin sensitivity in normal, healthy, nondiabetic subjects
also has been challenged; Borkman et al. (35) reported
that an increase in carbohydrate content of the diet from
31% to 55% of total energy did not affect insulin sensi-
tivity. Note that in the study by Himsworth among normal

subjects, improvements in glucose tolerance, as well as
the enhancement in insulin response, were striking only
when diets extremely rich in carbohydrates (75% of total
energy) were compared with diets extremely low in
carbohydrates (7.5% of total energy) (3). Similar studies
that reported improvement in glucose tolerance among
normal subjects also used diets with 80-85% of total
energy as carbohydrates (4,5). In general, however, diets
with 75-85% of total energy as carbohydrates are not
practical. Usually only moderate changes in carbohy-
drate content of diet are possible, and such changes
may not have a significant effect on glucose tolerance
and insulin sensitivity, even in normal subjects.

Another question related to the dietary recommenda-
tions for NIDDM patients concerns dietary fiber content.
It is plausible that dietary fiber may have beneficial
effects on glucose metabolism independent of the met-
abolic effects of the digestible dietary carbohydrates
(6-8,36), but such benefits have not been proven con-
clusively (11). In our study, therefore, the two study diets
were matched with respect to total fiber content. Further
studies are needed to determine whether addition of
dietary fiber either to the low-carbohydrate diet (rich in
monounsaturated fatty acids) or to the high-carbohydrate
diet will improve hyperglycemia and dyslipidemia in
NIDDM patients.

Our study involved middle-aged men with mild
NIDDM, thus the question of extrapolation to other
groups of patients with mild NIDDM should be consid-
ered. Although there is no reason to believe that the
response of somewhat younger men with NIDDM to
dietary intervention should be different than that ob-
served in this study, the question of whether or not
women with mild NIDDM would respond similarly is not
known. Interestingly, the impact of high-carbohydrate
diets on lipoprotein levels in nondiabetic women has
been shown to be even more pronounced than in men
(28,37). Furthermore, previous studies including both
men and women with NIDDM have noted no difference
based on sex in the effects of high-carbohydrate diets on
glycemic control and plasma lipoprotein levels (15,16).
The results of our study, therefore, probably are applica-
ble to women with NIDDM.

For NIDDM patients, a high-carbohydrate diet may
have several disadvantages compared with an isoca-
loric, low-carbohydrate, high-fat diet, when the latter is
low in saturated fatty acids and enriched in monounsat-
urated fatty acids. A high-carbohydrate diet may result in
higher daylong levels of plasma glucose in patients with
moderately severe NIDDM, as shown in our previous
study (11), and may not offer any advantage to patients
with mild NIDDM for improvement of glycemic control or
insulin sensitivity. One disadvantage of a high-carbohy-
drate diet is its apparent adverse effect on plasma
lipoprotein profile, i.e., raising VLDL and lowering HDL
levels. Thus, we conclude that, compared with a low-
carbohydrate diet rich in monounsaturated fatty acids,
the net effect of a high-carbohydrate diet may not be
favorable in patients with mild NIDDM nor in those with
moderately severe NIDDM.
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