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Abstract

Objective: Treatment of type 2 diabetes includes pharmacologic and lifestyle modification such as dietary
change. The use of the Glycemic Index (Gl) to guide food choice has been advocated, although the effectiveness
of this dietary strategy in people with type 2 diabetes has had mixed success. Our objective was to investigate day-
long glycemic responses to diets differing in Gl using continuous glucose monitoring in people with type 2 diabetes.

Methods: A randomized crossover trial in 22 adults aged 18 to 75 years diagnosed with type 2 diabetes and
without major co-morbidities. Lower and higher Gl diets were consumed over a five-day period with food supplied
to participants. Diet and physical activity were standardized and medication was maintained for the study period.
Main outcomes using a Continuous Glucose Monitoring System (CGMS) were mean 24-hour glucose, three-hour
incremental postprandial glycemia (iIAUC), total day-long glycemia (AUC), and 48-hour glycemic variability assessed
as Mean Amplitude of Glycemic Excursion (MAGE).

Results: Complete CGMS data for 18 participants were obtained. The between-treatment difference in Gl was
13 Gl units (P<0.01). Between low- and high-Gl diets, no difference in three-hour iAUC (mmol/L+min) following
breakfast (367 vs. 390, P=0.69), lunch (252 vs. 317, P=0.16) or dinner (216 vs. 263, P=0.32) was observed. No
difference in mean 24-hour glucose (6.62 vs. 6.31 mmol/L, P=0.31), total day-long glycemia (8,906 vs. 8,786 mmol/
Lemin, P=0.82) or MAGE (3.7 vs. 3.9 mmol/L, P=0.61) were observed between diets.

Conclusions: Differences in dietary Gl were not predictive of improvement in within-day markers of glycemic
control in people with type 2 diabetes. These findings are reflective of ongoing difficulties in translating laboratory-

generated Gl values of individual foods to glycemic improvement in the whole of diet setting.
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Background

Effective treatment of type 2 diabetes mellitus entails pharmacologic
and lifestyle modification. Efforts to establish standard treatments for
people with type 2 diabetes are complicated by genetic and physiologic
heterogeneity [1,2]. Lifestyle reccommendations for people with type 2
diabetes are to undertake regular physical activity and to learn to eat well
[3]. Dietary recommendations include targeting carbohydrate intake
given the glycemic raising capability of such foods. Guidance is usually
given regarding both quantity and type of carbohydrate with ‘type’
referring to the glycemic-elevating profile of food, most often expressed
as the Glycemic Index (GI). For a given amount of carbohydrate, a high
GI food is characterized as inducing a large and rapid rise in blood
glucose concentration whereas a low GI food generates a smaller more
gradual change [4]. These differences are most apparent under GI testing
conditions in which individual foods containing a standard amount of
carbohydrate are compared. It is unclear how useful this guidance for
food selection may be in a practical setting in which foods are eaten
in various amounts as part of meals [5]. The effect of manipulating
the GI of diets has been tested in people with diabetes using glycated
hemoglobin (HbAIC) as a primary indicator of glycemic control.
In people with diabetes, raised HbA1C is associated with increased
diabetic complications making it a useful outcome measure by which
to assess treatment effect [6]. In a randomized controlled trial lasting
six months, Jenkins and colleagues compared differences in HbA1C
between groups of people with type 2 diabetes consuming either a low
GI diet or a high cereal fiber diet [7]. A difference in HbA1C between
groups of 0.18% (95% CI 0.07, 0.29) favoring the low GI group was
found. In another trial from this research group, a low GI diet achieved

through the incorporation of legumes was compared over three months
with a high cereal fiber diet in people with type 2 diabetes, again with
a difference in HbA1C of 0.2% (95% CI 0.1, 0.3) favoring the low GI
diet [8]. Wolever and colleagues compared three diets, namely low
GI, high GI, and low glycemic load, consumed by people with type 2
diabetes for 12 months [9]. In that study, there was no differential effect
of diet on HbA1C among the groups, with all three groups showing
an increase over the year. Thus, although there is evidence to suggest
some benefit to people with type 2 diabetes following a low GI diet,
Jenkins and colleagues described the effect on HbA1C as ‘moderate’
while Wolever et al. observed none [7,9]. Given that GI influences
postprandial glycemia over the short term, it might be expected that
the acute glycemic benefits of low GI foods would accumulate over a
period long enough to influence HbA1C. The reason that HbA1C is
relatively resilient to change in dietary GI has not been studied with
the intervention effect less than expected in well-designed randomized
controlled trials. It would be useful to gain insight into the day-long
glycemic profiles of people with type 2 diabetes following low and high
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GI diets. Our hypothesis is that there would be a difference in within-
day glucose markers for people with type 2 diabetes consuming low
and high GI diets. This is to be achieved using a Continuous Glucose
Monitoring System (CGMS) to assess the glycemic impact of foods in
whole diets over two complete 48 hour periods [10,11]. Our objective
is to quantify postprandial and day-long glycemia using CGMS in free-
living people with type 2 diabetes consuming diets of higher and lower
GL

Research Design and Methods

Twenty two adults (12 women and 10 men) diagnosed with type 2
diabetes were recruited through newspaper advertisement and from a
Diabetes Clinic (Diabetes Otago) over a six month period at the end of
2012. Study participants were adults aged 18-75 years diagnosed with
type 2 diabetes. Exclusion criteria were insulin dependence, diagnosed
cardiovascular disease, pregnancy or lactation. All study participants
provided written consent before commencing, the study design received
approval from the University of Otago human ethics committee.

Using published peer reviewed data for CGMS output in people
with type 2 diabetes, it was estimated that a crossover design of 18
participants would be sufficient to detect a practically achievable and
clinically significant difference of Immol/L in mean glucose readings
taken over 24 hours with 85% power and a significance level of 0.05
[12].

Study design

The study was conducted over five days during which four
complete 24 hour periods of glucose measures were captured with
CGMS devices. Treatment involved participants consuming high or

low GI meals for two consecutive 24 hour periods followed by the
alternative treatment such that duplicate 24 hour periods on each diet
were captured by CGMS. The order of treatment was randomized to
each participant against a computer-generated process implemented
before study commencement, with no washout between treatments.
Participants were instructed to maintain their usual medication and
level of physical activity. Demographic and anthropometric data
were collected at baseline. The flow of participants through the trial is
displayed in Figure 1.

Diets and diet records

Breakfast, lunch and dinner foods were provided to participants.
For foods that had been tested for GI, the values were taken directly
from manufacturer information or from published data [13]. The
evening meals were frozen dinners that had not been tested for GI,
hence the GI of these meals, and of the diets themselves, were calculated
using a recognized GI composite formula [14]. The low GI foods were
a ready-to-eat breakfast cereal (Kellogg’s Australia Special K; GI 54),
whole grain bread (Vogels Soy and Linseed; GI 49) and a frozen pasta,
chicken and vegetable meal (Wattie’s Chicken Penne; GI 41). High GI
foods were wheat biscuits (Sanitarium Weetbix; GI 69), white bread
(Nature’s Fresh white bread; GI 75) and a frozen rice, chicken and
vegetable meal (Wattie’s Honey and Soy Chicken; GI 68). To ensure the
amount of available carbohydrate was comparable between diets, the
bread and frozen meals were chosen to provide similar carbohydrate
per serve, and participants were instructed to weigh a portion of
Special K corresponding to the carbohydrates contained in the number
of wheat biscuits they consumed. Snack foods were not provided to
allow a small degree of autonomy in participant diet. If consumed,
participants were encouraged to standardize snack foods across the
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Figure 1: Flow Diagram.
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study period. Participants were blinded to the randomization process,
remaining uninformed of the intervention order for the study duration.
Participants were provided with electronic kitchen scales reading to the
nearest gram (Salter Housewares Limited, Tonbridge, England) and
received training by a nutritionist in the correct use of the scales and to
complete a food diary for the trial period. The completed diet records
were reviewed with the participants when they returned to have the
CGMS device removed with all notation queries resolved. Dietary data
were assessed using New Zealand Food Composition Files and in-
house software (Kaiculator, University of Otago, Dunedin, NZ) [15].
The nutrient content of all foods consumed were present in the Food
Composition Files with the exception of the frozen meals. The nutrient
composition of these meals were extracted from the meals Nutrition
Information Panels and added into the dietary analysis package.

Physical activity

The nature and duration of physical activity other than light office
duties were recorded for the duration of the study. Participants were
instructed to standardize their physical activity across the study period.

Glucose monitoring

The continuous glucose monitor system (Medtronic iPro2)
comprises a wire sensor inserted into abdominal subcutaneous tissue
connected to a blinded data recorder. The small device can be worn
during normal dailyactivities including bathing/showering and sleeping.
The CGMS devices were attached peri-abdominally and allowed to
imbed before recording interstitial fluid glucose concentration every 5
minutes for the duration of the trial. CGMS readings were calibrated
against four self-administered capillary blood readings within every 24
hour period using meters and test strips (Free Style Optimum) that were
recorded in the participant’s daily diary. To retrieve the CGMS data, the
sensor information and capillary data were uploaded to the Medtronic
website. The sensors were attached on a Monday morning and removed
on the evening of the following Friday. Participants recorded the start
time of the evening meal on Monday and the sensor reading at that
time was taken as the pre-prandial baseline for day one. For Tuesday to
Friday, the eight-hour overnight average preceding breakfast on each
of those days was taken as the baseline glucose concentration for each
subsequent 24 hour period.

Outcome measures

The primary outcome measures were average glucose readings
taken over 24 hours and incremental area-under-the-curve glucose
concentrations (iIAUC) over three hours following each meal (breakfast,
lunch and dinner) for the duration of the study period. Secondary
measures were total AUC over each 24 hour period and a measure of
glycemic variability, represented by the Mean Amplitude of Glycemic
Excursion (MAGE) [16].

Data handling and statistical analysis

AUC were calculated by the trapezoidal method using a program
written for Microsoft Excel (Microsoft Corporation, Redmond, WA).
Statistical analyses were carried out using a software package (Stata;
release 10. StataCorp LP, College Station TX). MAGE were calculated
using a computer algorithm [17]. Student’s two-tailed t tests were used
to test for differences in meal composition between high and low GI
diets and the outcome measures.

Results

Characteristics of the 22 participants are given in Table 1. CGMS

data from two participants were incomplete or unusable due to
unintended removal of the device, leaving data from 20 participants
to be included in the analysis of the higher GI diets. Two further
CGMS data sets were excluded from the lower GI diet period due
to intermittent data capture or low compliance with the required
capillary calibration. The majority of participants were of European
descent.

The overall composition of the lower and higher GI diets as
calculated from the weighed food records are given in Table 2.
According to diet records, participants displayed complete compliance
in consuming the provided foods.

There was no difference in average duration of daily activity between
test periods, 103.3 min (95% CI: 101.2, 105.3) and 104.9 min (95% CI:
103.0, 106.8) on low and high GI days respectively (P>0.05). No glucose
response to any of the very light and light exercise was observed in the
CGMS data. For the glycemic data arising from the CGMS devices, no
statistically significant differences were observed between the two diets
for any variable considered (Table 3).

Sample Population Characteristic

Age (y) 62.6 (9.0)
Body mass (kg) 93.1 (17.6)
Height (cm) 167 (5.0)
Body Mass Index (kg/m?) 33.4 (6.6)
Duration of diabetes (y) 8.1(8.4)
Diabetes treatment regimen:

Metformin 13

Metformin and Gliclazide 3

Lifestyle (non-medicated) 6

*n=22, 12 women, 10 men

Table 1: Mean (SD) characteristics of the participants*.

Nutrient Lower GI Higher Gl P

Glycemic index (Gl) 48 (3.4) 61 (4.8) <0.001
Glycemic load (GL) 109 (32) 142 (47) <0.001
Energy (mJ/d) 7.3(1.9) 6.9 (2.4) 0.389
Carbohydrate (g/d) 218 (59) 234 (75) 0.269
Carbohydrate (% energy) 49 (8.5) 56 (10.5) <0.001
Protein (% energy) 22 (4.0) 21(4.3) 0.054
Total fat (% energy) 26 (7.8) 19 (9.2) <0.001
Saturated fat (% energy) 8(3.3) 7 (3.0) 0.005
Fiber (g/d) 32(6.2) 25 (6.9) <0.001

Table 2: Mean (SD) diet composition of the 22 participants from weighed diet
records.

Lower GI Higher Gl
(SD) (SD)

8-h overnight glucose (mmol/L) 6.5 (1.59) 6.4 (1.33) 0.83
Mean 24 h glucose (mmol/L) 6.62 (1.49)  6.31(1.27) 0.31
Mean 3-h postprandial glucose (mmol/L)| 7.25 (1.46) @ 7.29 (1.80) 0.74
MAGE (mmol/L)’ 3.67 (1.35) | 3.90(1.44) 0.61
Daily total AUC (mmol/L*min per 24h) | 8,906 (1,810) 8,786 (1,666) 0.82
Breakfast iAUC (mmol/L) 367 (273) 390 (279) 0.69

(

(

Outcome measure P

Lunch iAUC (mmol/L) 252 (193) 317 (220) 0.16
Dinner iAUC (mmol/L) 216 (180)
*MAGE: Mean Amplitude of the Glycemic Excursion

263 (230) 0.32

Table 3: Mean (SD) glycemic outcome variables of the 18 participants for whom a
complete set of continuous glucose data were obtained.
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Discussion

Our primary finding was no difference in measures of glycemia
between higher and lower GI diets over four days observation in people
with type 2 diabetes. The diets were well matched for energy, protein
and amount of carbohydrate although the proportion of carbohydrate
and fat as a percentage of energy intake, and the amount of fiber
differed between diets. A lower GI diet is often associated with a higher
fiber content leading to the suggestion that it is difficult to attribute
independent effects on glycemia to GI or to fiber [5]. Additionally,
considering different foods are used to create differences in dietary GI,
differences in macronutrient content between lower and higher GI diets
have been previously reported where self-selected low GI diets can result
in a reduction of total carbohydrate consumed, a potential confounder
to any observable GI driven effect on glycemic markers [7,9,18]. In our
study, the lower carbohydrate and higher fat (as a percentage of energy)
and the higher fiber intake on the lower GI diet would exaggerate,
rather than diminish differences in postprandial glycemia. Therefore,
the lack of effect of GI on our measures of glycemia is unlikely to be
as a consequence of the differences in dietary composition. Both diets
met the recommended acceptable macronutrient distribution range
suggesting good translatability of study results. Participants with type
2 diabetes were chosen for the study due to their heightened blood
glucose response to carbohydrate-containing foods [19,20]. As such,
glycemic variability was expected to be influenced by the nature of
carbohydrate given that high GI foods are characterized as inducing a
higher peak glucose followed by a rapid decline compared with more
gradual and less extreme fluctuations of low GI foods [4]. However this
peak to trough difference, as assessed by MAGE over 48 hours, was not
different between treatments (P=0.61).

CGMS devices have been used in dietary GI interventions in people
with type 2 diabetes. For 11 patients consuming a diet with a GI some
eight units lower than their habitual diet, favorable differences in mean
glucose and in AUC between a single 24 hour period at baseline and
another 24 hour period after seven days of eating the lower GI diet
were observed [12]. A comparable result was also obtained when
nine healthy young people underwent a similar protocol in which a
difference in dietary GI of 7.6 units was achieved between baseline and
the 7 day intervention [21]. The differences in the glycemic outcomes
of these studies between baseline and the end of the intervention
period were attributable to a lowering of fasting blood glucose from
8.0 to 5.3 mmol/L in the diabetic group (P<0.01) and from 5.4 to 4.4
mmol/L in the young healthy group (P<0.001). However, neither
study had a control group so that the changes in fasting blood glucose
concentration could have been due to confounders. We did not find a
comparable difference in fasting glucose between dietary treatments.
This lack of effect on fasting glucose is consistent with other work in
which fasting blood glucose appears to be relatively stable to dietary GI
manipulation [22-24].

In longer-term interventions lasting several months, some effects
on glycemic control in people with type 2 diabetes in response to diets
differing in GI have been found together with some improvement
in cardiovascular risk factors [7,8]. The difference in GI generated
between diets in those studies was 10 GI units (glucose scale). In
another trial no between-group difference was observed in glycated
hemoglobin after one year when diets differing in GI by 8 units were
followed [9]. Consistent with our data, total postprandial glycemic
AUC was independent of the GI of meals [9]. The results of these
trials might be considered underwhelming given the anticipated
benefit that people with type 2 diabetes were expected to derive from

choosing foods based on GI [4]. Contributing factors could be poor
compliance, difficulty in generating GI differences between diets over
an extended period of time, or unpredictability of glycemic responses
in a whole of diet setting [25,26]. Food combining has been found to
reduce the magnitude of the glycemic difference that is observed when
individual foods are consumed [26]. The GI test is conducted under
standardized laboratory conditions using a fixed amount of available
carbohydrate, often in bland foods (for example: bread without spread),
on subjects who remain sedentary for two hours after eating. This is not
reflective of common practice in which foods are combined into meals.
Additionally, physical movement of the consumer is likely to occur
within two hours after eating and even modest activity has been found
to reduce postprandial glycemia [27]. Hence, GI differences between
foods may be optimized under GI test laboratory conditions with these
differences being not fully realized in practice.

Another variable to affect acute and long-term glycemic outcome is
the difference in GI units of comparative diets. We generated 13 GI units
difference between diets using commonly consumed commercially
available food items. It may be possible to create diets with even larger
differentials in GI, although the feasibility and palatability of such
changes to habitual diet is questionable with limited evidence to suggest
that this may be realistically attainable over long periods [28].

A limitation of our study is the lack of a washout period between
diets. This was done to enable duplicate days of CGMS recording
on each diet to occur within the five working days of the week. The
randomization of order in which participants consumed the diets
should reduce any ‘second meal effect’ in which the postprandial
glycemic response is influenced by the previous meal via an effect
of fermentable carbohydrate on subsequent glycemia [29]. This
conclusion is supported in our data by no difference in fasting glucose
concentrations between dietary treatments, suggesting an absence of
carryover effects. There was also a limited range of foods; it is possible
that other low GI foods, such as beans, may be more effective [8].

Strengths of the study were complete dietary compliance and
the excellent performance of the CGMS devices, showing good
correspondence with the blood glucose readings and the expected rises
in interstitial glucose levels in relation to meal consumption. Three or
more peaks were observed each day, with nighttime glucose readings
lower than those observed throughout the day. The lack of difference
in day-long glycemia between dietary treatments is consistent with the
observations that HbAIC is relatively resilient to dietary GI. For future
research, consideration should be given to lowering not only the GI but
also the amount of carbohydrate consumed. Although such a strategy
of lowering the glycemic load of a diet was not effective in lowering
HbA1C, it may be that a more aggressive reduction of the glycemic load
could yield measurable differences in long-term glycemic outcomes [9].
There may also be other benefits in lowering the glycemic load of diets as
improvements have been found for obesity and obesity-related risks [30].

Conclusions

In our participants, food selection based on GI was not predictive
of day-long glycemia. Given our previous work, and the work of others,
we conclude that food combining, and perhaps movement associated
with normal daily activities following meal consumption, diminishes
the relative postprandial glycemic differences found when individual
foods are tested under sedentary laboratory conditions [25,26].
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