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ABSTRACT

Aim: To test the efficacy of a new breakfast centered meal plan in improving weight, waist 
circumference, HbA1c and in preventing hypoglycaemia in people with diabetes and pre-
diabetes under free-living conditions. Methods: Twenty-three adults with type 2 diabetes or 
pre-diabetes received half-day training in a personalized, low-carb meal plan which typically 
included one big breakfast and 4-5 small meals/snacks. Carb intake was individualized using 
ADA and AACE guidelines: ppg of <180 mg/dL (10.0 mmol/L) for the big meal (preferably 
breakfast) and <140 mg/dL (7.8 mmol/L) for the small meals. The subjects were also instructed 
not to eat during the three hours prior to bedtime. Reminders were through monthly meetings, 
and by phone or e-mail. Results: Of the 23 people trained, 11 (48%) adhered to the meal plan for 
3 months. The subjects included 1 man and 10 women, age 47-69, BMI 27-39 Kg/m2. Four had 
pre-diabetes and 7 had type 2 diabetes. Four took no diabetes medications, one type 2 patient 
was on insulin and the rest took oral agents for diabetes. Average weight reduction was 6 lbs 
(range +2 to -22). HbA1c came down by 0.5% (+0.2 to -1.66). Fasting glucose decreased by 44 
mg/dL (+12 to -151). Waist circumference decreased by 0.47 inches, (+2” to -3.5”) but was not 
a statistically significant. Glucose variability has been minimum for this meal plan by design. 
No hypoglycaemia or other adverse events intervened. All 11 subjects noted that eating 
close to bedtime raised fasting glucose. The consensus was that they were eating healthier 
than before and no instances of excessive hunger or hypoglycaemia occurred. Conclusion: A 
breakfast-centered (big breakfast and 5 small meals) offered improved satiety, weight, fasting 
glucose, glycemic variability and HbA1c under free-living conditions for people with diabetes 
and pre-diabetes – without precipitating hypoglycaemia.

Introduction

Importance of meal composition for glucose 
control is well documented [1-16]. They include 
meditaranean, Dash diet and plant-based meal 
plans [2-4]. Low carbohydrate meals balanced 
with extra protein, fiber and healthy fat are good 
for glucose control [6-16]. Strong evidence 
supporting the importance of meal timing also 
exists [17-23]: eating a healthy breakfast has 
many merits for people with insulin resistance. 
Mekary and colleagues showed risk for T2DM 
increasing in those who skipped breakfast [17]. 

Kahleova and group showed 2 large meals, 
breakfast and lunch, to be better than 6 small 
meals [20]. Another study showed big breakfast 
plus small supper was preferable to small 
breakfast plus big supper [21]. This would also 
benefit patients who have diurnal variation in 
glucose tolerance. A 1974 report found elderly 
patients have higher glucose levels in the evening 
mainly because of low insulin secretion [24]. 
Moreover, eating a breakfast itself moderates the 
glucose surge following lunch -- the so-called 
second meal phenomenon [22,23]. Another 
aspect of meal timing is eating every 2-4 hours 
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to prevent hypoglycaemia [25-29]. Exercising 
post-breakfast moderates the glucose surges 
associated with breakfast, lunch and supper 
[30]. Taken together, it makes sense to have 
a big breakfast as the exercise meal and make 
all other meals small: the right exercise would 
lower postprandial glucose (PPG) of breakfast 
resulting in minimum glycemic variability 
(GV) [31]. The carb count can be adjusted as 
recommended by American Diabetes Association 
(ADA) and American Association of Clinical 
Endocrinologists (AACE) guidelines: PPG <180 
mg/dL (ADA) for the big meal and PPG <140 
mg/dL (AACE) for the small meals [32,33]. 
Such a meal plan was tried successfully by a type 
2 diabetes patient (the corresponding author 
[34] to prevent hypoglycaemia in 2012. It also 
helped with managing weight, HbHbA1c and 
lipids for many years. Moderating glucose surges 
[35-42] without triggering hypoglycaemia [25-
29] is a critical goal of diabetes management. 
This study had the objective of training the 
participants with diabetes and pre-diabetes to 
adopt this meal plan and evaluating its effects 
on HbA1c, weight, waist circumference, fasting 
glucose and hypoglycaemia incidence. Patients 
were free to keep daily carbohydrate intake in 
the range 30 - 75 gm to realize for the desired 
glucose levels and weight management goals 
[10-16]. (The second phase of the study would 
explore glucose response to exercise timing. A 
steady meal plan is necessary before studying the 
effect of exercise on glucose levels). 

Methods

Upon IRB approval of the study protocol, 
employees of Connecticut Valley Hospital with 
diabetes and pre-diabetes were invited through 
the hospital’s e-mail system to participate in the 
study. Inclusion criteria were the following: age 
18 to 70, BMI >25 kg/m2 and HbA1c ≥ 5.7% 
(38.8 mmol/mol). People with complicated 
medical conditions such as heart disease, stroke, 
connective tissue disease, cancer, BMI >45 and 
any condition that would make participation 
in exercise difficult were excluded from the 
study. This study was done in cooperation with 
the PCPs who ordered additional tests before 
the study as indicated as well as periodic blood 
tests. Medication adjustments were also done by 
the PCPs. Two subjects had their sulfonylureas 
replaced by DPP-4 inhibitors to minimize the 
risk for hypoglycaemia. 

 � Training

One Saturday morning the subjects arrived 
with a 2-carb balanced breakfast for the half day 
training session. After the protocol was explained 
and consent signed, weight, waist circumference, 
blood pressure and fasting glucose were 
determined. 

 � Meal plan

Subjects ate the breakfasts they had brought 
from home. It was a two-carb meal which 
could include two servings (30 grams) 
of such carbohydrates as grains, starchy 
vegetables (potato, sweet potato or corn), 
milk products or fruits. The breakfast also 
included one serving of protein, one egg, 3 
pieces of bacon, 2 tablespoon nuts or ¼ cup 
cottage cheese. Using their glucometer 1-h, 
2-h and 3-h glucose levels were checked. The 
participants also ate a 1-carb lunch, once the 
pre-lunch glucose came down to <126 mg/dl. 
Subsequently 1-h glucose was checked. They 
were told to lower carb intake if 1-h glucose 
was > 180 mg/dL (10 mmol/L) after breakfast. 
The remaining meals were low-carb (1 to 
1½ carb) balanced by adding fiber, protein, 
vegetables and healthy fat, MyPlate style. Thus 
in a day or two, they were able to design their 
own personalized meal plan with 1-h glucose 
~180 mg/dL after breakfast and <140 mg/dL 
after small meals. They were encouraged to eat 
every 3-4 hours during the day, with the caveat 
that no eating was permitted during the 3 h 
period before bedtime. Drinking 8-10 glasses 
of water was also encouraged.

 � Physical activity

During this phase of the study the subjects were 
told not to change their general activity level. 

Weight was to be checked once a week. Daily 
checking of fasting glucose was encouraged. 
In general, we promoted frequent glucose 
checking as they wished. A data sheet was 
provided to keep track of the various readings. 
There were monthly meetings. Subsequent 
communications were through e-mails, 
phone calls or faxing. During this training 
session, there were talks by the research team, 
which included two diabetes educators and a 
physician, on various topics: macronutrients, 
micronutrients, carb counting, MyPlate and 
how glucose profile could be improved by 
meal plan alone.
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 � Statistical analysis

Statistical comparisons were made for weight, 
waist circumference, fasting glucose and HbA1c 
by the student’s paired t-testusing SPSS (TABLES 
1-3). Values are expressed as mean ± SD. P-value 
<0.05 was deemed statistically significant. 

Results 

Of the 23 people trained, 11 (48%) adhered 
to the meal plan for at least 3 months and 
submitted their lab results, weight and waist 
circumference were measured by one of the 
researchers. The 52% who discontinued the 
program cited work- and family-related stress 
as the major impediment to participation. The 
11 subjects who completed the study included 
1 man and 10 women, age 47-69, BMI 27-
39. Four of the adherent subjects had pre-
diabetes and 7 had type 2 diabetes. Four took 
no diabetes medications, one type 2 patient 

was on insulin and the rest took oral agents for 
diabetes. Ten subjects found that two servings 
of carbohydrates were appropriate for breakfast. 
One person had three carbs in his breakfast. 
Most of them were eating 1 or 1½ -carb meals 
for the smaller meals. Average weight reduction 
was 6 lbs (range +2 to -22). HbA1c came 
down by 0.5% (+0.2 to -1.66). Fasting glucose 
decreased by 44 mg/dL (+12 to -151). Waist 
circumference decreased by 0.47 inches, (+2” to 
-3.5”) but the improvement was found to be not 
statistically significant. No hypoglycaemia or 
other adverse events intervened. All 11 subjects 
noted that eating close to bedtime raised fasting 
glucose, they were eating healthier meals and 
were satisfied by the meal plan: they reported no 
excessive hunger. All 11 subjects held full time 
jobs and only two could designate breakfast as 
the exercise meal. Four subjects chose lunch 
and 5 had supper for the biggest meal of the 
day. The subjects felt that weight reduction 

Table 1. Characteristics of the subjects before and after the intervention

Patient sex Age BMI Exercise 
meal Diagnosis weight (lbs) WC

(inches)

Fasting 
glucose 
(mg/dl)

HbA1c (%)

1 M 54 31.5 BF T 2 DM 195 > 176 41.5 > 39.5 150 > 117 6.6 > 6.6
2 F 69 27 S T 2 DM  167 > 161 44.5 > 44 238 >119 8.0 > 7.2
3 F 60 33 S T 2 DM 186 > 1 41.5 > 114 >103 8.1 > 6.9
4 F 52 32 BF Pre-DM 184 >186 41.2 > 41.5 100 > 92 6.0 > 6.2
5 F 52 30.5 L T 2 DM 165.6 > 167 43 > 43.5 304 > 155 10.7 > 9.1
6 F 58 30.5 S T 2 DM 184 >182 45 > 44.5 211 >129 7.7 > 7.5
7 F 59 36.5 L/S Pre-DM 233 > 224 47 > 46 119 >100 6.3 >6.1
8 F 67 33 L T 2 DM 203 >181 44 > 40.5 168 >108 6.9 > 6.2
9 F 47 33.5 S Pre-DM 209 > 201 47 >47 119 >103 6.3 >6.2

10 F 47 31.5 S T 2 DM 209 > 201 37 >39 80 > 92 6.8 > 6.0
11 F 51 39 L Pre-DM 257 > 245 45 >45.5 101 >107 6.2 >6.1

BF – breakfast; L – Lunch, S – Supper; WC – waist Circumference

Table 2. Descriptive statistics
Variables  N  Minimum Maximum  Mean Std. Deviation

Age
BMI

Weight 1
Weight 2

Waist Circumference 1
Waist Circumference 2

Fasting glucose 1
Fasting glucose 2

HbA1c 1
HbA1c 2

 11 
 11 
 11
 11
 11
 11
 11
 11
 11
 11

 47 
 27.0
 166
 161
 37.0
 39.0
 80
 92
 6.0
 6.0

 69 
 39.0
 257
 245 
 47.0
 47.0
 304
 155
 10.7
 9.1

 56.00 
 32.545
 199.33
 191.64
 43.34
 42. 96
 154.91
 111.36
 7.236
 6.736

 7.362 
 3.1659
 27.403
 24.812

 2.93
 2.72

 69.469
 18.32
 1.364
 0.93

Table 3. Paired samples test
 t  df  P

Pair 1 Weight 1- weight 2
Pair 2 Waist circumference 1- Waist circumference 2

Pair 3 Fasting glucose 1 – Fasting glucose 2
Pair 4 HbA1c 1 – HbA1c 2

3.30
0.879
2.73
2.95

10
10
10
10

.008

.400

.021

.015
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was “proportional” to decreased carbohydrate 
consumption.

Discussion

 � “Breakfast glucose tolerance test” and 
glycemic variability

Continuous glucose monitoring (CGM) facili-
tates the determination of how much carb to eat 
and when to eat the next meal. The vast majority 
of diabetes patients worldwide do not currently 
have the CGM option. For them “breakfast glu-
cose tolerance test” can be used as a valuable tool 
for adjusting carb count and meal frequency. Gly-
cemic variability is getting recognized as a more 
important measure of diabetes management than 
HbA1c or mean glucose [6]. Minimum glycemic 
variability also means less hypoglycaemia, less 
time spend in hyperglycaemia and less compli-
cations. This meal plan is designed to have mini-
mum GV: a well designed meal plan may be the 
simplest way the patient can control GV.

 � Outcome measures 

The adherence rate of 48%, for these full time 
workers is encouraging. Diabetes patients are 
usually faced with hyperglycaemia, sometimes 
hypoglycaemia and excessive hunger. These sub-
jects felt good with this meal plan, with predict-
able, moderate glucose excursions, which may 
have contributed to the relatively high adherence 
rate. Improvements in weight primarily reflect 
decreased carb intake. Weight management 
should be easier with the steady carb intake, 
minimal medication/insulin dose (and daily ex-
ercise). HbA1c improvement is independent of 
weight change [38]. Clearly, HbA1c depends on 
the amplitude of the daily glucose excursions. 
Several aspects of this meal plan are helpful to 
glycaemia. Lim and colleagues demonstrated 
that when calorie intake went down fat in liv-
er and pancreas decreased and fasting glucose 
and HbA1c improved [10]. Glucose levels are 
sensitive to meal timing and meal composition 
[2-23]. This lifestyle calls for a big breakfast (ex-
ercise meal) and small lunch and supper and 
2-3 snacks. Eating breakfast itself lowers glucose 
surge of lunch [22,23] because it lowers free fatty 
acid levels and offers favorable hormone levels: 
counterregulation is switched to the incretin-in-
sulin system. Balancing the meal with protein, 
sources of fiber, vegetables and healthy fat im-
proves satiety and lowers the amplitude of the 
glucose surges [2-16]. Since most meals are small, 

the overall glucose profile remains moderate. Al-
though exercise is not done during this phase of 
the study one big meal (breakfast) being the ex-
ercise meal is expected to lower hyperglycaemia 
after breakfast lunch and supper [30]. Preventing 
hypoglycaemia is critical for people on sulfony-
lureas or insulin, especially if they have hypogly-
caemia unawareness [29,31]. Exercise induced 
hypoglycaemia can occur after high-intensity 
exercise [26]. As a rule, eating every 3-4 hours 
during day time from a well-designed meal plan 
of one big meal and 4 or five small meals would 
go a long way toward guarding against hypogly-
caemia and improving satiety. Most study sub-
jects improved fasting glucose. As demonstrated 
by Lim and colleagues, lowering calorie intake 
improves fasting glucose [10]. On the contrary, 
eating extra carbs or eating too close to bedtime 
could increase fasting glucose presumably via 
increased fat deposition in liver and pancreas. 
Checking daily fasting glucose helped the sub-
jects to stay on track by making quick changes in 
behavior. Improvements in weight, HbA1c and 
fasting glucose were statistically significant; im-
provement in waist circumference was not.

 � Strengths and weaknesses

Conducting this study under free-living 
conditions in cooperation with PCPs had its 
merits. It could be done with minimal funding. 
PCP keeping an eye on the patients could only 
help. Participants got to continue their own 
eating habits except for modest changes in meal 
selection, shopping and cooking in accordance 
with decreased carb intake. They did not have to 
buy pre-cooked frozen meal packages. Breakfast 
glucose tolerance test can be a valuable tool: 
patients may design their own meal plans, 
thereby improving their understanding of why 
carb counting is important. How often they 
eat (2-4 h) also depends on the contours of 
their personal glucose excursions. They may eat 
lunch when the pre-lunch glucose dips below 
126 mg/dL. On the other hand, people who are 
prone to hypoglycaemia may eat 2 h after the 
exercise. Participants are entrusted with their 
own diabetes management. As for weaknesses, 
there is no control group: it was hard to find 
motivated people out of this hard working group 
for controls. For the same reason, sample size 
is small. The study suffers from all the usual 
liabilities of observational studies under free-
living conditions: meals and physical activities are 
not supervised. We rely on self report except for 
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the objective outcome measures. Only 3 out of 11 
had medication induced hypoglycaemia risk: one 
was on insulin who has been monitoring glucose 
levels closely and two people on sulfonylureas 
were switched to a DPP-4 inhibitors to prevent 
hypoglycaemia. 

Conclusion

A low-carb, balanced, personalized meal plan 
with one big meal and 4-5 small meals daily 
improved satiety, weight, fasting glucose and 
HbA1c without precipitating hypoglycaemia. 
Randomized control studies with large sample 
size would be valuable toward accelerated 
translation.
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