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RESEARCH DESIGN AND METHODS— Ten men with mild NIDDM prepared
HM and high-CHO diets at home alternately and in random order for 2 weeks each
with a minimum 1-week washout. Before and after each diet, 24-h urine glucose,
fasting lipids, fructosamine, and 6-h profiles of glucose, insulin, and triglycerides
were measured. Dietary preferences were assessed by questionnaire.
RESULTS — In the HM diet, patients consumed 40% of energy intake as CHO and
38% as fat (21% monounsaturated) compared with 52 and 24%, respectively, in the
high-CHO diet, with equal dietary fiber content. Body weight and total energy intake
were similar in both. The HM diet resulted in significantly lower 24-h urinary
glucose excretion, fasting triglyceride, and mean profile glucose levels. The fructosamine levels, the fasting total, low-density lipoprotein, and high-density lipoprotein cholesterol, and the prandial triglyceride concentrations did not differ significantly as a result of the diets. The two diets did not differ in ratings for overall
acceptance, taste, cost, ease of preparation, variety, or satiety.
CONCLUSIONS — Prepared at home, the HM diet was, in the short-term, metabolically better in some aspects than the currently recommended diet for NIDDM. It
also provided a palatable alternative.
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RESEARCH DESIGN AND
METHODS— Ten men with mild
NIDDM gave informed consent to be
studied. The study was approved by the
St. Vincent's Hospital Ethics Committee.
None had liver, renal, or thyroid disease
or took antihyperlipidemic medication.
One had a prior myocardial infarction.
The average age was 55 ± 2.7 years
(range 41-68 years), body mass index
(BMI) was 26.5 ± 1.2 kg/m 2 (range
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OBJECTIVE— To examine the dietary preferences of and metabolic effects in
patients with non-insulin-dependent diabetes mellitus (NIDDM) of a home-prepared
high-monounsamrated fat (HM) diet compared with the recommended highcarbohydrate (CHO) diet.

T

he dietary prescription for noninsulin-dependent diabetes mellitus (NIDDM) remains controversial. The currently recommended highcarbohydrate (CHO), low-fat diet can
produce adverse lipid (1) and glycemic
effects (2). Patients with mild (3) and
more severe NIDDM experience deterioration of glycemic control and increased
triglyceride and lowered high-density lipoprotein (HDL) cholesterol concentrations on high-CHO diets (2,4). Furthermore, we showed that long-term
adherence to this diet in Australian patients is suboptimal (5), consistent with
experiences in other Western populations (6).
The high-monounsaturated fat
(HM) diet has been proposed as a palatable alternative, which is not metabolically detrimental compared with a highCHO diet (3). Studies examining
variations in dietary fat and carbohydrate
often use prepared diets or liquid formula in metabolic wards, sometimes using unrealistic extremes of fat or carbohydrate (7). The reported metabolic
benefits of HM diets have not yet been
confirmed with patient-prepared meals.
Similarly, questions of palatability and
patient compliance are as yet unanswered.
The aims of this study were as
follows: I) to develop suitable HM diet
guidelines for patients to use at home; 2)
to compare the metabolic effects with the
recommended CHO diet; 3) to assess
patients' dietary adherence and subsequent dietary preference.

High-monounsaturated fat diet in NIDDM

Table 1—The mean composition of the
prescribed high-CHO and HM
High-CHO
diet
HM diet
55
10
45
22
7
7
8
2
>30
<300

40
10
30
37
7
8
22
2
>30
<300

Data are the percentage of total energy.

23.0-32.8 kg/m2), and diabetes duration was 4.6 ± 1 . 9 years (range 0.3-20
years). One subject took one hypoglycemic tablet per day; the remainder followed diet alone.
Studies were conducted on an
outpatient basis. Diets were prescribed in
random crossover design for 2 weeks
each, with a minimum 1-week washout.

Composition of diets
Initially and during each diet, subjects
completed a 4-day food record (including 2 weekend days). Each subject was
individually trained by a dietitian in accurate food recording (9). Each subject's
diet was based on his initial nutritional
analysis to supply diets isocaloric with
the usual one, differing only in fat and
starch. Prescribed composition of the diets is shown in Table 1. Alcohol intake
(<30 g/day) and exercise were maintained.

Diet prescription
To instruct patients in preparing HM diets at home, we suggested simple substitutions for the patient's usual diet (practical suggestions in Appendix 1).
Appendix 2 shows the 24-h intake for
one individual for each diet.

Biochemical analysis
After a 10-h fast, patients had a representative breakfast, morning snack, and
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Dietary preferences and
compliance
After the study, patients completed a visual analogue questionnaire about dietary preferences. The 4-day dietary
records were analyzed using the Diet 3
computer program (Xyris Software,
Queensland, Australia) based on the
NUTTAB Food Composition Data Base
(10) and compared with the composition
of the prescribed diets as an estimate of
compliance. Foods not included were
added or coded as very similar foods.
Statistical analysis
Comparisons were made using the
paired Student's t test (with urinary glucose, after log transformation of raw

data); Statview 512 plus statistical package (Abacus Concepts, Berkeley, CA).
Mean glucose, triglyceride, and insulin
responses during the 6-h profile were
calculated from the area under the curve.
All data are expressed as means ± SE.
RESULTS

Dietary composition
The initial diet and the composition of
the two study diets consumed are shown
in Table 2. Using 4-day food records,
dietary compliance appeared excellent,
as no significant differences were found
between actual nutrient intake and that
prescribed. Body weight did not change
with either diet. The baseline and postdiet weights and metabolic data are
shown in Table 3.

Glycemic control and insulin
profiles
Half the group ate the HM diet first; the
order of the diets did not affect the following metabolic results. The responses
in glucose, insulin, and triglyceride levels
to the respective test meals is shown in
Figure 1. Although fasting plasma glucose did not differ, mean prandial glucose concentration was significantly
lower during the 6-h profile on the HM
diet (high-CHO vs. HM diet: 11.7 ± 1.3
vs. 10.4 ± 1.0 mM, P = 0.028). This is
consistent with the significantly lower
24-h urinary glucose at the end of the
HM diet vs. the high-CHO diet (6.1 vs.
10.6 mmol/day). Fructosamine levels did
not differ between the two diets (highCHO vs. HM diet: 303 ± 25 vs.
299 ± 25 |xM, P > 0.05).
No difference was found between
diets in fasting or prandial insulins. One
subject had very high insulin (fasting
>240 pM) and C-peptide (fasting >1.3
nM) levels; the differences between diets
were nonsignificant (parametric and
nonparametric tests) whether or not his
data were included.

Plasma lipid responses
Fasting plasma triglycerides were significantly lower at the end of the HM diet (HM
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Carbohydrate (%)
Sugars
Starch
Fat (total) (%)
Saturated
Polyunsaturated
Monounsaturated
Alcohol (%)
Fiber (g)
Cholesterol (mg/day)

lunch on the last day of both diets. Blood
was sampled fasting and every 30 min
for plasma glucose, insulin, and triglyceride measurements during the 6-h
study. The 24-h urinary glucose was measured initially and at the end of each diet.
Fasting plasma glucose, insulin, and lipids
were measured initially and at the end of
each diet and the washout. Serum fructosamine was measured before the study
and after each diet on an autoanalyzer (Hitachi 717, Boehringer Mannheim, Indianapolis, IN). Blood and urine glucose were
measured by the glucose oxidase method
(YSI 23 AM, Yellow Springs, OH); serum
insulin by radioimmunoassay (11) (intra-assay coefficient of variation [CV]
6%, 30 pM) and C-peptide by radioimmunoassay (12) (intra-assay CV 6%,
0.33 nM). Each individual's samples, except for blood glucose, were analyzed in
the same assay. Cholesterol and triglycerides were measured by automated enzymatic methods (13,14) (intra-assay CV
2 and 5%, respectively). HDL cholesterol
was determined after precipitation of
other lipoprotein classes by phosphotungstic acid-magnesium chloride (15)
(intra-assay CV 1.5%). Low-density lipoprotein (LDL) cholesterol was determined by the formula: LDL cholesterol =
total cholesterol — (0.458 triglycerides +
HDL cholesterol).

Campbell and Associates

Table 2—Composition of diets consumed by subjects during study
Baseline

High-CHO diet

Energy (MJ/day)
Carbohydrate (% of energy)
Starch
Sugars
Total fat (% of energy)
Polyunsaturated
Monounsaturated
Saturated
P:M:S ratio
Cholesterol (mg/day)
Protein (% of energy)
Alcohol (96 of energy)
Dietary fiber (g/day)

8.3 ± 0.6
46 ± 2
30 ± 2
15 ± 1
27 ± 2
6± 1
11 ± 1
10 ± 1
0.7:1.1:1.0
276 ± 32
23 ± 0.3
5± 2
31 ± 4

8.5
52
33
18
24

± 0.5
±2
±3
±2
±2

7± 1
9± 1
8± 1
0.9:1.1:1.0
183 ± 16
21 ± 1
3 ±2
40 ± 3

HM diet
8.8 ± 0.7
39 ± 2
24 ± 2
15 ± 1
38 ± 1
8 ± 0.4
21 ± 1
8± 1
1.0:2.6:1.0
190 ± 20
20 ± 1
3±1
37 ± 4

Data are means ± SE. P:M:S ratio refers to the ratio of polyunsaturated fat:monounsaturated fat:saturated fat.

vs. high-CHO diet: 1.1 ± 0.2 vs.
1.4 ± 0.2 mM, P = 0.01). The meal profile triglycerides were not significantly different (high-CHO vs. HM diet: 2.0 ± 0.3
vs. 1.9 ± 0.3 mM, P > 0.05) despite the
greater fat intake on the HM-diet test
meals. Fasting total cholesterol and HDLcholesterol concentrations were not significantly different between the diets (total
cholesterol, high-CHO vs. HM diet:
4.7 ± 0.3 vs. 4.3 ± 0.3 mM; HDL cholesterol, high-CHO vs. HM diet 0.8 ± 0.1 vs.

0.8 ± 0.1 mM, P > 0.05). Neither the
LDL-cholesterol level (high-CHO vs. HM
diet: 3.2 ± 0.3 vs. 3.0 ± 0.3 mM,
P > 0.05) nor the total:HDL-cholesterol
ratio differed significantly.
Dietary preferences
No significant differences were noted in
the ratings of the two diets in overall
score of acceptability, ease of preparation, expense, taste, satiety, or variety
(Fig. 2).

Table 3—Baseline and post-diet weights and metabolic data

Weight (kg)
Fasting plasma glucose (mM)
Mean prandial glucose (mM)
Urinary glucose excretion (mmol/day)
Plasma fructosamine (|xM)
Fasting serum insulin (pM)
Mean prandial insulin (pM)
C-peptide (nM)
Fasting plasma triglyceride (mM)
Mean prandial triglyceride (mM)
Fasting plasma total cholesterol (mM)
Fasting plasma HDL cholesterol (mM)
Fasting plasma LDL cholesterol (mM)
Total cholesterol:HDL cholesterol ratio

Baseline

High-CHO diet

HM diet

P value

76.7 ± 4.2
8.4 ± 0.8
—
9.0(1.1-28.7)
342 ± 28
46 ± 6
—
—
1.4 ± 0.2
—
5.1 ±0.2
0.8 ± 0 . 1
3.7 ±0.2
7.0 ± 0.6

76.1 ± 4.2
8.7 ± 1.0
11.7 ± 1.3
10.6(1.1-21.7)
303 ± 25
38 ± 6
190 ± 25
0.54 ± 0.03
1.4 ±0.02
2.0 ± 0.3
4.7 ± 0.3
0.8 ± 0 . 1
3.2 ± 0.3
6.1 ± 0 . 5

76.1 ± 4.2
8.5 ± 0.9
10.4 ± 1.0
6.1 (1.1-23.7)
299 ± 25
35 ± 6
160 ± 28
0.40 ± 0.03
1.1 ± 0 . 2
1.9 ± 0.3
4.3 ± 0.3
0.8 ± 0 . 1
3.0 ± 0.3
5.7 ± 0 . 6

0.98
0.36
0.015*
0.007*
0.16
0.25
0.13
0.004*
0.013*
0.66
0.06
0.95
0.25
0.21

Data are means ± SE except for 24-h urinary glucose excretion, which is expressed as the geometric mean (range). For insulin and C-peptide data, n = y; one
subject was excluded because of extreme values for insulin and C-peptide (see METHODS).
*P < 0.05 for comparison between the high-CHO and HM diet periods.
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Nutrient

CONCLUSIONS—Judging from our
patients' dietary records, satisfactory
compliance was achieved in all components of the two prescribed diets. Use of
the HM diet was associated with a significant decrease in urinary glucose excretion, a significantly lower rise in prandial
glucose in the meal profile, and significantly lower fasting triglycerides. This
confirms that such diets can have metabolically beneficial effects in some people
with NIDDM.
The ideal diabetic diet remains
controversial. Its composition should
promote good glycemic control while
minimizing future atheroma. The major
controversy arises as to the nutrient with
which to replace saturated fat. It is of
concern that the currently universally accepted high-CHO diet has been shown
to elevate triglycerides, reduce HDL cholesterol, and worsen glycemic control in
some subjects. The common assumption
that high-CHO diets improve insulin
sensitivity in humans is based on extreme variations in diet (18) and has
been shown not to occur with diets tolerable for human consumption in normal (19) or diabetic subjects (7,17).
To claim that a high-fiber diet is

High-monounsaturated fat diet in NIDDM
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Figure 2—Visual analogue scores for questions in the diet evaluation questionnaire completed at the
end of the study (n = 9). Scores indicate the distance along the visual analogue scale from 0 to 10
for the high-CHO and HM diets. Individual subjects are indicated by the symbols and the mean score
by the horizontal lines.
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Figure 1—Plasma glucose (A), serum insulin
concentrations
(17). The favorable stud(B), and plasma triglyceride (C) concentrations
ies
were
performed
with formula diets or
(mean ± SE) during 6-h meal profile studies in
preprepared
food.
Before
the major step
subjects with NIDDM after 3 weeks on a highof
recommending
an
alternative
choice
CHO ( •
• ) or an HM (O—O) diet For
the
current
diet
for
NIDDM,
a
feasito
plasma glucose and triglyceride levels n = 10,
bility
study
was
needed
to
help
answer
and for serum insulin n = 9 (see METHODS).
Meals consumed were representative of the diet the practical questions of ease of prepaperiods, and meal times are indicated by arrows:ration of the HM diet, its metabolic imbreakfast (B), midmorning snack (M), and lunch pact when prepared in the home, and its
palatability and acceptance to NIDDM
(I).
subjects.
In our study, NIDDM patients
complied
equally well with the diets and
the optimum diabetic diet is misleading
when the beneficial glycemic effects are rated them similarly in all aspects of palonly present when the amount offiberto atability, cost, and ease of preparation.
be ingested is above tolerable levels for Patients could therefore appreciate the
most patients (16). Also, no large popu- option of choice in their diet, perhaps
lation is known to have consumed a improving long-term compliance. To ofhigh-polyunsaturated fat diet for long fer an alternative diet to the universally
periods with documented safety; and use accepted high-CHO diet for NIDDM, it
of large amounts is not recommended must also be shown that the diet, while
equally palatable, is not worse in meta(16).
Use of monounsaturated fat, in bolic aspects. The HM diet in our study
contrast with starch, as a replacement for was, in fact, significantly superior to the
saturated fat has been reported not to high-CHO diet in some aspects: 24-h
adversely affect glycemic control or insu- glycosuria, postprandial glycemia, and
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fasting triglycerides. The HM diet tested
in this study contains a moderate
amount of fiber and is consistent with
the Mediterranean diet whose acceptability and palatability is proven by centuries
of consumption in a population known
for favorable cardiovascular outcome
(20).
Theoretical arguments remain regarding the long-term benefit of a low-fat
diet on weight loss. However, extremes
of high-fat and high-CHO were not different in 24-h energy expenditure over 2
months in a metabolic ward (7). The
long-term effects of high-CHO vs. HM
diets in NIDDM are not yet known.
Our results suggest that the HM
diet is a realistic alternative to the highCHO diet. It can be prepared at home as
efficiently, is equally palatable, and in the
short-term at least, demonstrated significantly better effects on some aspects of
glycemic control and circulating lipids.
Lengthy studies are needed to answer the
question whether the HM diet is metabolically better than the current highCHO one when eaten long-term by people with NIDDM.
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APPENDIX 1— PRACTICAL TIPS
ON IMPLEMENTING A DIET HIGH
IN MONOUNSATURATED FAT

Principles

Use generous amounts of nonstarchy
vegetables to ensure a high-fiber intake
is maintained. Nuts also will provide
additional fiber.
Reduce moderately the amount of
bread, pasta, rice, potato, and breakfast
cereals and replace energy with nuts,
avocados, and monounsaturated oil/
margarine. For example, a diet providing 8,400 kj (2,000 kcal) with 55% of
energy from carbohydrate and 25%
from fat would need 15% of kj from
carbohydrate (79 g carbohydrate) to
be replaced with 34 g monounsaturated fat to increase the proportion of
fat to 40%.

Practical tips
• Avoid saturated fat spreads and oils
such as butter, coconut, and palm oils.
• Replace polyunsaturated margarine
and oils with monounsaturated margarine (canola) and monounsaturated
oils (olive, canola). Canola is a monounsaturated cooking oil or margarine based on rapeseed oil. In comparison with polyunsaturated margarine
(in brackets) it contains (per 100 g fat):
total fat = 82 g (82 g); saturated fat =
12 g (16 g); cis-monounsaturated fatty
acids = 41 g (20 g); cis-methylene interrupted polyunsaturated fatty acids
16 g (33 g); trans fatty acids 12 g (13
g). Courtesy of Meadow Lea, Australia.
• Use measured amounts of monounsaturated margarine and oils in cooking
(e.g., stir fry dishes and marinades), in
salad dressings, spread on bread (e.g.,
sandwiches), and added to cooked
vegetables.
• Choose lean mean, poultry, and fish
products, particularly those that are
higher in monounsaturated fats, e.g.,
pork, duck, chicken, red salmon, veal,
beef, kippers, herring, and gemfish.
• Use only low-fat dairy products or fatmodified products, e.g., low-fat milk
with canola oil added (available commercially) .
• Use avocados, which are high in monounsaturated fat, in measured
amounts for sandwich spreads, dips,
and sauces. Where too expensive for
frequent use, use more monounsat-
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APPENDIX a—SAMPLE MENU FOR HIGH-CHO AND HM DIETS
High-CHO diet

HM diet (HM)

Breakfast
51 g Weet-bix (3 wheat biscuits)
46 g sultanas (3 tablespoons)
150 ml reduced-fat fortified milk
60 g wholemeal bread, toasted (2 slices)
10 g polyunsaturated margarine (2 teaspoons)
10 g meat or fish paste (2 teaspoons)
1 cup tea/coffee plus milk from allowance

Breakfast
51 g Weet-bix (3 wheat biscuits)
23 g sultanas (1 1/2 tablespoons)
150 ml reduced-fat fortified milk
60 g wholemeal bread, toasted (2 slices)
12 g canola margarine (11/2 teaspoons)
20 g peanut butter (1 tablespoon)
1 cup tea/coffee plus milk from
allowance

Morning snack
23 g rye crispbread (3 crispbread)
20 g reduced fat cheddar cheese (1 small slice)
40 g raw tomato (2 slices)
150 g fresh pear (1 medium)
200 ml tea/coffee plus milk from allowance

Morning snack
23 g rye crispbread (3 crispbread)
12 g canola margarine (11/2 teaspoon)
40 g raw tomato (2 slices)
150 g fresh pear (1 medium)
200 ml tea/coffee plus milk from
allowance

Lunch
120 g wholemeal bread (4 slices)
20 g polyunsaturated margarine (4 teaspoons)
100 g lean leg ham (2 large slices)
80 g raw tomato (4 slices)
50 g lettuce (1 large leaO
40 g raw carrot, grated (1/2 medium)
150 g peeled fresh orange (1 medium)
Low-joule soft drink

Lunch
120 g wholemeal bread (4 slices)
42 g avocado (1/2 very small avocado)
100 g lean leg ham (2 large slices)
80 g raw tomato (4 slices)
50 g lettuce (1 large leaf)
40 g raw carrot, grated (1/2 medium)
150 g peeled fresh orange (1 medium)
Low-joule soft drink
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• Reduce the carbohydrate component
of the diet by moderately reducing
starchy foods.
• Increase the intake of monounsaturated fat from fats, oils, nuts, avocados, and protein foods.
• Do not change protein, polyunsaturated fat, saturated fat, or alcohol content (keep as currently recommended).

urated cooking oils and margarines;
use white meats such as pork, veal, and
chicken in place of red; use fish with
high monounsaturates such as gemfish, red salmon, and ocean perch.
Use nuts in measured amounts, particularly the following (high in monounsaturated fats): macadamias, pecans,
almonds, hazelnuts, cashews, peanuts,
and pistachios. Nuts can be used in
cooking (e.g., meat and vegetable dishes), in salads, as a midmeal snack, and
as a spread (peanut butter/paste).
Where some nuts are expensive, use
more peanuts and peanut paste, a relatively cheap source of protein.

High-monounsaturated fat diet in NIDDM

APPENDIX 2—Continued
Afternoon snack
140 g banana (1 medium)
20 g almonds with skin (15 nuts)

Evening meal
90 g lean grilled round steak
225 g boiled white pasta (1 1/2 cup)
50 g steamed broccoli (1 flowerette)
50 g steamed carrot (1/3 cup)
50 g steamed peas (1/3 cup)
30 g wholemeal bread (1 slice)
5 g polyunsaturated margarine (1 teaspoon)
135 g fresh fruit salad (3/4 cup)

Evening meal
90 g lean grilled round steak
150 g boiled white pasta (1 cup)
50 g steamed broccoli (1 flowerette)
50 g steamed carrot (1/3 cup)
50 g steamed peas (1/3 cup)
15 g pecan nuts (9 half nuts)
135 g fresh fruit salad (3/4 cup)

Evening snack
17 g plain sweet biscuit/cookie (2 biscuits)
150 g red apple (1 medium)
Tea/coffee plus milk from allowance

Evening snack
17 g plain sweet biscuit/cookie (2 biscuits)
Tea/coffee plus milk from allowance
20 g hazelnuts (13 nuts)

10.

11.

12.

13.

14.

The high-CHO diet provides the following: 10,760 kj (2,570 kcal), 123 g protein (20%), 70 g fat (25%
[8% polyunsaturated, 9% monounsaturated, and 8% saturated]), 364 g (55%), 61 g dietary fiber, and 167
mg cholesterol. The HM diet provides the following: 10,705 kj (2,557 kcal), 120 g protein (19%), 103 g
fat (36% [8% polyunsaturated, 21% monounsaturated, and 8% saturated]), 291 g carbohydrate (44%), 58
g dietary fiber, 145 mg cholesterol. The diets meet the recommended daily intake for all nutrients.
Estimates in household measures are listed in parentheses; metric measures are used (1 cup = 250 ml and
1 tablespoon = 20 ml). Sultanas are dried grapes or raisins. Milk allowed for tea/coffee is 150 ml
reduced-fat fortified milk per day.
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