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Abstract

Falling is one of the leading causes of accidental injury and death among elderly adults and 

construction workers, with costs exceeding US$31 billion each year. Having good balance reduces 

the likelihood of falling — therefore it is important to determine which possible factors might 

influence balance. The purpose of this study was to determine if consuming three different types 

of breakfast altered blood glucose levels in such a way that young healthy individual’s balance 

control was compromised. Balance was then measured while the subjects completed single- and 

dual-task standing trials with eyes open and closed. Although changing blood glucose did alter 

quiet standing balance — as measured by the separation distance between the COG and COP, the 

velocity of the COM, and the total distance traveled by the COG and COP along the anterior-

posterior (AP) and medial–lateral (ML) axes — the results were contradictory to what was 

hypothesized. Subjects with lower blood glucose swayed less than those with higher blood 

glucose. This could potentially be due to the habitual skipping of breakfast in young adults. 

Though the changing of blood glucose did influence quiet standing balance of young healthy 

adults, it was not in a way which increased the risk of falling.
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INTRODUCTION

Falling is one of the leading causes of injuries in elderly adults,1 with 27% of non-fatal 

injuries2 and 17% of fatal injuries occurring in constructing workers.3 Medicare costs for 

falls in these populations exceed US$31.3 billion annually.4 To investigate the effect of falls, 

many balance studies focus on cognitive demands5,6 as a cause and exercise as a response.
7–13 Balance is the body’s ability to maintain the center of gravity (COG) within the base of 
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support (BOS).14 As balance has been associated with performance and reduced injuries,
15,16 it is important to examine factors that could have an affect on balance. Dietary intake is 

one such factor. Food consumption, or lack thereof, could potentially affect balance through 

its influence on blood glucose (BG) levels. To our knowledge, no studies have investigated 

how diet might influence balance and risk of falling. The first step in determining if diet can 

affect balance is to test a population who is at a very low risk of falling — healthy college-

age individuals.

Variations in BG levels are partly related to food consumption — as levels increase and 

decrease depending on whether food is consumed.17 The Glycemic Index (GI) is a method 

of ranking foods according to what influence they have on BG levels.17 High GI (HI) foods 

cause a spike in BG levels followed by a quick descent whereas low GI (LO) foods cause a 

steady rise then fall in BG levels with a lower peak compared to high GI foods.18 Therefore, 

overnight fasting or manipulating the GI of food consumed for breakfast can influence BG 

levels. What is not known is how changes in BG levels caused by varying dietary intake may 

influence quiet standing balance. Understanding the effects of skipping or consuming 

breakfasts of variable GI on balance in young adults is an important first step in determining 

if diet might increase fall risk due to reduced BG levels that result in reduced balance.

The direct relationship between BG and balance has focused on executive function19–21 and 

has been generally tested in patients who have diabetes and diabetic peripheral 

neuropathy22–24 although others have also been examined. For example, postural balance 

and attentional capacities in elderly adult are diminished during the second week of 

Ramadan fasting25 and a link between balance and executive function exists in stroke 

patients.26 Studies in healthy young adults found that glucose levels can affect executive 

function20,21 during a Stroop test.21 When executive function in healthy adults is divided — 

via dual-task paradigms — quiet standing balance is diminished.14,27 What is not known is 

to what extent quiet standing balance is affected by the interaction of BG changes and dual-

task conditions. By incorporating dual-task tests on young healthy individuals who have 

consumed different breakfast options after an overnight fast, it can be determined if quiet 

standing balance is altered from a combination of both factors.

Therefore, the purpose of this study was to determine if consuming three different types of 

breakfast [no breakfast (NO), high GI breakfast, or low GI breakfast] altered BG levels in 

such a way that young adults’ balance control was compromised. It was hypothesized that 

skipping breakfast would result in the lowest BG levels which would reduce postural 

balance and increase sway. Additionally, it was hypothesized that consuming a high GI 

breakfast would result in the highest BG, followed by the low GI breakfast, and then no 

breakfast, and both breakfast conditions would result in increased postural balance and 

reduced sway compared to the no breakfast condition. Finally, it was hypothesized that a 

perturbation to executive function (dual task) in combination with altered BG would lead to 

a decrease in quiet standing balance.
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METHODS

Design

This study was a randomized, counterbalanced, crossover repeated measures design and all 

subjects signed an informed consent which was approved by the University of Scranton’s 

Institutional Review Board prior to enrollment in the study.

Participants

Thirteen subjects (six males and seven females; mean age = 20.3 ± 1.1 years; mean weight = 

71.3 ± 9.2 kg; mean height = 174.6 ± 6.6 cm) were recruited from the university community. 

Participants did not report any history or clinical evidence of neurological, musculoskeletal, 

or other medical conditions affecting balance performance, such as stroke, head trauma, 

neurological disease (i.e. Parkinson’s, diabetic neuropathy), or visual impairment 

uncorrectable by lenses and dementia. Additionally, participants’ did not report any food 

allergies or diseases (i.e. anorexia/bulimia nervosa) which would restrict or influence the 

participants’ ability to consume the presented food.

Task Procedures

Subjects came to the laboratory on three separate occasions, with each session separated by 

at least one week. During the three visits, subjects were allocated to one of the three 

breakfast conditions: HI (white flour bagel), LO (dried apples), and NO. The amount of food 

each participant consumed was 0.5 g of carbohydrate per 1 kg of body weight and was 

consumed within 5 min. Subjects were randomly assigned to one of the six orders (ABC, 

ACB, BAC, BCA, CAB, and CBA; A = NO, B = HI, and C = LO) and were blinded to 

which breakfast they would receive before each visit to prohibit them from altering their 

normal diet prior to testing. In order to guarantee the subjects entered each trial under 

similar conditions, they were asked to complete a food journal for 24 h leading up to their 

first trial, then consumed similar food prior to the two subsequent tests.

Subjects arrived after fasting overnight for at least 12 h prior to their scheduled start time. 

Blood glucose — Glucometers (Bayer Contour 9545C, Bayer Healthcare LLC, Mishawaka, 

IN, USA) and test strips (Bayer Healthcare LLC, Mishawaka, IN, USA) — was taken 

immediately upon subject arrival (prior to any breakfast option) to establish a baseline BG 

measure, and every 30 min until the subjects started the postural testing — postural sway 

testing started 90 min after breakfast consumption and took approximately 60 min to 

complete.

Data Recording and Analysis

Three-dimensional analysis was completed with a 12-camera Kestrel motion capture system 

(Motion Analysis Corp., Santa Rosa, CA) and a force platform (Advanced Mechanical 

Technology, Inc., Watertown, MA), on which subjects stood for all trials. Motion capture 

data were synchronized in the Cortex Software© provided by Motion Analysis Corp. 

allowing simultaneous start transistor–transistor logic signals to be sent to both the cameras 

and force plate to ensure time-matched data. Subjects completed four quiet standing tasks 

during the postural sway test with both feet on the force plate: eyes open (EO), eyes closed 
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(EC), eyes open dual task (EODT), and eyes closed dual task (ECDT). The dual-task 

protocols required subjects to spell five-letter words backwards, list the months of the year 

in reverse order, and given a certain number, subtract by sevens.28 All trials were 30 s in 

length. During the dual-task trials, if the subjects completed the task before 30 s, they were 

immediately given a second prompt to ensure they were dual tasking during the entire trial.

Outcome Measures

Whole-body center-of-mass (COM) values were calculated using marker position data 

recorded from the Kestrel motion capture system. These marker position data then utilized 

Zatsiorsky coefficients29 and completed the calculation in Cortex Software© provided by 

Motion Analysis Corp. Center-of-pressure (COP) values were calculated with the analog 

voltage data recorded with the synchronized AMTI force plates. Excitation values and the 

calibration matrix were input to Cortex Software© and COP calculations were completed 

with this software. The exported COM and COP values were imported to a custom-built 

MATLAB© (MathWorks®, Natick, MA) code where the following variables were 

calculated: the maximum separation distance between the COG and COP, the maximum 

velocity of COM, and the ranges of COG and COP. All variables were analyzed along the 

anterior-posterior (AP) and medial–lateral (ML) axes.

Outcome measures were evaluated using both the raw and normalized values. The 

normalization procedure calculated percent change by utilizing the NO condition as the 

reference and dividing the HI and LO conditions by NO.

Statistical Analysis

Each outcome measure (COM–COP separation, COM velocity, COM range, and COG 

range) was compared using a 3 × 4 (raw) or 2 × 4 (normalized) ANOVA with breakfast type 

(HI, LO, or NO; raw or HI/NO, LO/NO; normalized) and task (EO, EC, EODT, and ECDT) 

as within the subject factors. Fisher’s least significant difference (LSD) post-hoc pairwise 

comparisons were used to determine specific difference between conditions. Alpha levels 

were set to 0.05 and all analysis was completed on SPSS 22 (IBM, USA).

RESULTS

Blood glucose was the same for all subjects at each trail’s baseline measurement (p = 0.25) 

and was significantly different immediately prior to the postural measurements between each 

breakfast trial — HI (97 ± 20 mg/dL), LO (87 ± 12 mg/dL), and NO (78 ± 9 mg/dL) — (p = 

0.009). Therefore, any changes in quiet standing variables can be associated to the changes 

in BG. Data for different breakfast types and task types along the anterior–posterior and 

medial–lateral axes are shown in Tables 1 and 2 and Figs. 1 and 2. The results summarizing 

raw and normalized interactions and the main effect p-values along the anterior–posterior 

and medial–lateral axes are shown in Table 3.

There was no breakfast × task interaction for raw COM–COG separation along the anterior–

posterior axis — however, the main effects for breakfast and task were significant. Pairwise 

comparisons of breakfast did not have any significant differences — though NO to HI and 

LO to HI were trending toward significance (p = 0.070 and p = 0.074, respectively). Task 
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post-hoc showed eyes closed (19.77 ± 11.14 mm) was significantly smaller than eyes open 

dual task (25.51 ± 20.82 mm), and was significantly smaller than eyes closed dual task 

(25.34 ± 19.01 mm); p = 0.044 and p = 0.026, respectively.

There was no breakfast × task interaction for normalized COM–COG separation along the 

anterior–posterior axis — the breakfast main effect was significant. LO divided by NO had 

1.43 ± 1.42 times higher separation than that for HI divided by NO which was 0.996 ± 1.24.

There was no breakfast × task interaction for raw COM range along the anterior–posterior 

axis — however, the main effects for breakfast and task were significant. No breakfast (8.61 

± 10.79 mm) was significantly smaller than low GI breakfast (14.77 ± 16.46 mm). Task’s 

main effects were significant (p = 0.004). Eyes open (8.49 ± 5.81 mm) was significantly 

smaller than eyes open dual task (14.48 ± 17.84 mm); p = 0.016. Eyes closed (7.82 ± 4.95 

mm) was significantly smaller than eyes open dual task; p = 0.009. Similarly, eyes closed 

was significantly smaller than eyes closed dual task (13.74 ± 20.63 mm); p = 0.039.

There was no breakfast × task interaction for normalized COM range along the anterior–

posterior axis — however, the main effects for task were significant. Eyes open dual task 

was larger (4.062 ± 0.974) than the eyes open (1.720 ± 0.196) and eyes closed (1.394 ± 

0.142) conditions.

There was no breakfast × task interaction for raw COP range along the anterior–posterior 

axis — however, the main effects for breakfast and task were significant. No breakfast 

(15.07 ± 11.63 mm) was significantly smaller than both high GI (25.92 ± 24.01 mm) and 

low GI (35.45 ± 36.11 mm) breakfasts; p = 0.030 and p < 0.001, respectively. Eyes open 

(20.72 ± 18.08 mm) was significantly smaller than eyes open dual task (32.28 ± 35.16 mm); 

p = 0.037. Eyes open was significantly smaller than eyes closed dual task (29.72 ± 28.55 

mm); p = 0.033. Eyes closed (19.18 ± 13.85 mm) was significantly smaller than eyes open 

dual task; p = 0.008. Similarly, eyes closed was significantly smaller than eyes closed dual 

task; p ≤ 0.001.

There was no breakfast × task interaction for normalized COM range along the anterior–

posterior axis — however, the main effects for task were significant. Eyes open dual task 

was larger (4.037 ± 1.345) than the eyes open (1.362 ± 0.225) and eyes closed (1.210 ± 

0.183) conditions.

There was a breakfast × task interaction for raw COM–COG separation along the medial–

lateral axis — additionally, the main effects for task were significant. Eyes open (40.70 ± 

15.83 mm) was significantly larger than both the eyes open dual task (26.61 ± 29.67 mm) 

and eyes closed dual task (24.52 ± 27.82 mm); both p ≤ 0.001. Eyes closed (38.94 ± 16.43 

mm) was significantly larger than both the eyes open dual task and eyes closed dual task 

(both p ≤ 0.001).

There was no breakfast × task interaction for raw COM range along the medial–lateral axis 

— however, the main effects for task were significant. No breakfast (20.17 ± 12.92 mm) was 

significantly smaller than low GI breakfast (28.86 ± 16.66 mm), p = 0.009. Task’s pairwise 

comparisons revealed eyes open (21.91 ± 10.27 mm) to be significantly smaller than eyes 
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open dual task (28.99 ± 21.56 mm) and eyes closed dual task (29.61 ± 23.98 mm); p ≤ 0.001 

and p = 0.002, respectively. Eyes closed (21.03 ± 7.93 mm) was significantly smaller than 

both the eyes open dual task (p ≤ 0.001) and eyes closed dual task (p = 0.001).

There was no breakfast × task interaction for normalized COM range along the medial–

lateral axis — however, the main effects for task were significant. Eyes open dual task 

(2.780 ± 0.44) and eyes closed dual task (2.237 ± 0.321) were larger than the eyes open 

(1.300 ± 0.087) and eyes closed (1.366 ± 0.122) conditions.

There was a breakfast × task interaction for raw COP range along the medial–lateral axis — 

additionally, the main effects for breakfast and task were significant. No breakfast (36.27 ± 

23.08 mm) was significantly lower than both the high GI breakfast (60.23 ± 40.34 mm) and 

low GI breakfast (65.02 ± 35.67 mm); p = 0.005 and p ≤ 0.001, respectively. Eyes open 

(44.87 ± 23.08 mm) was significantly smaller than both the eyes open dual task (62.82 ± 

48.89 mm) and eyes closed dual task (62.33 ± 40.55 mm); both p ≤ 0.001. Eyes closed 

(45.31 ± 19.58 mm) was significantly smaller than both the eyes open dual task (p ≤ 0.001) 

and eyes closed dual task (p ≤ 0.001).

There was no breakfast × task interaction for normalized COP range along the medial–

lateral axis — however, the main effects for task were significant. Eyes open dual task 

(2.981 ± 0.362) and eyes closed dual task (2.364 ± 0.305) were larger than the eyes open 

(1.306 ± 0.103) and eyes closed (1.221 ± 0.098) conditions.

DISCUSSION

Balance is an important component of fall risks and rehabilitation.15,16,30–36 One variable 

that has been previously linked to balance is BG levels,19–21 which can be affected by 

dietary intake and fasting.37 As 31 million Americans skip breakfast38 it is unknown how 

this lack of food intake can affect their balance. This study was the first to compare how 

different GI breakfast types HI, LO, and NO in healthy young adults influenced quiet 

standing balance. It was hypothesized that skipping breakfast (NO) would result in the 

lowest BG levels and participants would demonstrate reduced balance when compared to the 

HI and LO breakfast types — furthermore, there would be balance differences between HI, 

LO, and NO breakfast types. It was also hypothesized that a perturbation to executive 

function (dual task) in combination with altered BG would lead to a decrease in quiet 

standing balance.

As predicted, breakfast manipulation resulted in different BG levels with NO having the 

lowest BG followed by HI and LO. Different breakfasts did have varying effects on quiet 

standing balance; but the effects were not as clear as expected. Generally, NO did not show 

more sway in quiet standing balance than HI and LO. Subjects swayed more during the 

breakfast conditions (HI, LO) compared to the no breakfast condition, which is inconsistent 

with the hypothesis. It is possible that young healthy adults who have had breakfast are more 

confident and have a larger area in which they can control their COM within their base of 

support whereas the no breakfast group is more reserved and must keep their COM well 

within the base of support. Regardless, these data suggest that skipping breakfast in young 
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adults might have no influence on fall risk — however, a dynamic study should be 

conducted to further investigate.

The separation of COM and COG has been used previously to determine how attention can 

influence postural control.39–45 In this study, it was used to determine if the type of breakfast 

consumed would affect BG to alter “balance” as measured by the COM–COG separation. 

The COM–COG separation means were slightly higher and had more variability than the 

previous studies39–45 — suggesting if BG is altered and coupled with an executive function 

perturbation (dual task) the COM–COG separation will be greater than the solely perturbing 

executive function as has been shown previously.

Breakfast-altered BG does not influence COM velocity. COM velocity is generally used to 

describe ankle stiffness44,46 and is incorporated into an inverted pendulum model.44,45 

Therefore, using the COM velocity by itself might not be a useful measure to determine if 

BG can affect quiet standing. A possible future approach might be to use phase plots.47 Of 

note, the magnitude of eyes closed dual task for no breakfast COM velocity appears to be 

larger than any other condition — though not significant — these data could be indicative of 

dual task being more difficult to control COM when having no food.

Center-of-mass range detected differences between some of the different breakfast types. 

The data indicate subjects’ COM moved less during the LO breakfast condition compared to 

the no breakfast condition — opposite to the hypothesis. The COM range has extensively 

been used to compare young and old during a standing turn48 — therefore this measure 

would be advantageous in a dynamic test of balance. The range of the COP was able to show 

differences in quiet standing balance in both the anterior–posterior and medial–lateral 

directions. In both axes, for the no breakfast condition the COP had less movement than the 

breakfast conditions. The ML axis had a particularly higher COP motion if breakfast was 

consumed (HI, LO) and was a dual task. Both of these findings were contradictory to the 

hypotheses. The consumption of breakfast caused an increase in COM and COP motion. It is 

unclear why this happened, one explanation may be that young healthy adults so often do 

not consume breakfast such that potentially they are accustomed to functioning normally at a 

lower BG level and therefore balance was not affected. Of interest would be to examine if 

individuals who habitually skip breakfast are differentially affected by modifying breakfast 

compared to those who normally consume this meal.

The data in this study — AP and ML axes for the separation as well as the COM range and 

COP range variables — were in agreement that when the executive function is divided in a 

dual task, the balance of individuals is compromised.14,21 Though human balance is reliant 

on the synergy of the proprioceptive, vestibular, and visual sensory systems–however with 

impaired or reduced vision, vision has a greater influence on postural control.49 This 

signifies that the level of BG will not change the reliance of vision on quiet standing 

balance.

Many different measures have been used to quantify postural control and quiet standing 

balance.44–50 Though the variables used in this study were able to consistently detect 

differences in both breakfast type and task, in the future, it would be advantageous to apply 
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some of these other measures — used to quantify postural control and quiet standing balance 

— to better understand how changing BG might influence quiet standing balance.

A continuation of this study would be an investigation into how balance would be influenced 

during a dynamic situation, i.e. gait, under different breakfast conditions. Subjects would 

again consume several different categories of breakfasts then would complete gait tasks 

under single- and dual-task conditions, as outlined by previous investigations.28,51–56 

Another further study would be the incorporation of electromyography (EMG) to determine 

which balance strategy (hip or ankle) was used to maintain balance during the different 

breakfast types.

In this study, the BG of the subjects was measured 90 min following breakfast type, as 

balance was one of the several performed tests in order to understand how breakfast type 

influences the body. Though the BG data were different between conditions, the timing at 

which quiet standing balance was measured could have profound difference on the results. In 

the future, repeating the balance tests at various intervals would provide insight into the 

timing of how BG can influence balance.

CONCLUSION

This was the first study to correlate changes in BG to quiet standing balance. Blood glucose 

— as altered by breakfast type — produced differences in quiet standing balance as 

measured by the COM–COG separation, COM range, and COP range. Surprisingly, these 

results were opposite to what was hypothesized for different breakfast conditions. It is 

uncertain why this is the case, perhaps young adults skip breakfast frequently enough since 

they have adapted to have better quiet standing balance with lower blood sugar. As was 

expected the reduction in vision and the inclusion of a task did reduce the quiet standing 

balance of the subjects.

The inclusion of other measures of quiet standing balance, different timings of the measures, 

and the addition of dynamic tasks would provide a more conclusive understanding regarding 

how a change in BG will affect the balance of young healthy adults. This study provided the 

first insights into this relationship — based on the observed changes, deviations in BG in 

conjunction with executive function perturbation and vision changes do change quiet 

standing balance, but not in such a way as to put young healthy individuals at the risk of 

falling.
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Fig. 1. 
Averages for all outcome measures in both planes of motion during all conditions.
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Fig. 2. 
Averages for all outcome measures in both planes of motion during all conditions: 

normalized.
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Table 3.

Probabilities of Statistical Significance of Interactions and Main Effect for All Data.

Interaction Breakfast ME Task ME

Raw

 Anterior–Posterior Separation 0.471   0.027*   0.014*

Velocity 0.208 0.059   0.212

COM Range 0.235   0.043*   0.004*

COP Range 0.128   0.001*   0.001*

 Medial–Lateral Separation   0.003* 0.179 <0.001*

Velocity 0.059 0.200   0.061

COM Range 0.086   0.037* <0.001*

COP Range   0.007*   0.001* <0.001*

Normalized

 Anterior–Posterior Separation 0.592   0.027* 0.517

Velocity 0.237 0.997 0.128

COM Range 0.476 0.935   0.014*

COP Range 0.430 0.907   0.002*

 Medial–Lateral Separation 0.206 0.461 0.101

Velocity 0.153 0.987 0.073

COM Range 0.244 0.695   0.001*

COP Range 0.233 0.807   0.001*

*
Indicates statistically significant differences at (p ≤ 0.05). ME = Main Effects.
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