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Aims. - Our aim was to evaluate the acute effect of eating sweet snacks at different times of day on
glycaemic parameters in young women without diabetes.

Methods. - In this randomized controlled three-treatment crossover study, 17 women [(means =+ SD)
age: 21.2 £ 0.8 years, BMI: 20.7 + 2.5 kg/m2, HbA;.: 36 + 2 mmol/mol (5.1 + 0.2%)] wore flash (continu-
ous) glucose monitoring systems for 7 days. Each participant consumed identical test meals on days 4, 5 and
6, but consumed sweet snacks (baked cake: 498 kcal; 53.6 g of carbohydrate, 8.0 g of protein, 28.0 g of fat) at
12:30(post-lunch), 15:30 (mid-afternoon) and 19:30 (post-dinner), respectively, on each of those days. Daily
glycaemic parameters on those 3 days of snacking at different times of day were compared within-
participant.

Results. - The mean amplitude of glycaemic excursions (3.54 + 0.32 vs. 2.73 + 0.20 mmol/L; P < 0.05),
standard deviation of glucose (1.20 & 0.11 vs. 0.92 + 0.07 mmol/L; P < 0.05), incremental area under the
curve (IAUC) for glucose at 12:00-07:00 (986 + 89 vs. 716 + 88 mmol/L x min; P < 0.05) and IAUC at
07:00-10:00 the next day (141 £ 17 vs. 104 + 12 mmol/L x min; P < 0.05) when the snack was eaten post-
dinner were all significantly higher than with mid-afternoon snacking.

Conclusion. - Eating sweet snacks post-dinner should be avoided because it worsens glucose excursions
as well as postprandial glucose levels after both dinner and the following day’s breakfast in young

healthy (non-diabetic) women.

© 2018 Elsevier Masson SAS. All rights reserved.

Introduction

Lifestyle modifications, especially dietary ones, can decrease
the risk of developing type 2 diabetes (T2D) [1]. Postprandial
hyperglycaemia is associated with increased risk of T2D and
cardiovascular disease even before the onset of diabetes [2-
4]. Acute blood glucose fluctuations suppress endothelium-
dependent vasodilation [5] and increase levels of tumour necrosis
factor (TNF)-a, interleukin (IL)-6 [6] and platelet aggregation [7] in
healthy people. Therefore, decreasing postprandial hyperglycae-
mia reduces the risk of developing cardiovascular disease and T2D.
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It has been demonstrated that the consumption of snacks leads
to weight gain [8] and greater risk of T2D [9,10] because snacking
encourages higher energy (caloric) intakes by increasing food
stimuli, hunger and the desire to eat [11]. Also, commercial sweet
snacks are usually poor in nutritional value because they are high
in energy, and contain refined carbohydrates, large amounts of
sugar and fat, and low amounts of dietary fibre, vitamins and
minerals.

The World Health Organization (WHO) recommends de-
creasing sugar and fat intakes for health benefits in all
population groups [12,13], while the consumption of sweet
snacks of low nutritional value is not recommended for anyone.
However, Heller et al. [14] reported that 77% of people with
either type 1 diabetes (T1D) or T2D consumed snacks and that
most patients enjoyed snacking. Indeed, the Japanese govern-
ment reported that around 60% of female Japanese university
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students consumed snacks every day, while 40% of male
Japanese university students did so. In addition, > 80% of female
university students consumed snacks two to six times a week
[15].

Epidemiological and clinical studies have indicated that nut
consumption can be a healthy dietary approach for preventing T2D
because eating nuts improves glycaemic control and reduces
postprandial glycaemic responses [16,17]. However, snacking on
nuts is not favoured by everyone. In fact, it can be difficult for some
people to replace sweet snacks with nuts or other low glycaemic
index (GI) foods, or to stop eating sweet snacks entirely. Indeed,
snacking is strongly related to psychological satisfaction and
quality of life [18], even though many people are aware that
consumption of sweet snacks leads to body weight gain and raises
the risk of metabolic disorders.

Our group recently reported that consuming snacks at different
times of day changed glycaemic responses: eating a 75-kcal snack
at mid-afternoon (15:30) decreased the mean amplitude of
glycaemic excursions (MAGE) compared with eating the snack
post-lunch (12:30) in people with T2D [19]. Moreover, it was also
shown that having a late-night dinner (21:00) increased postpran-
dial hyperglycaemia and glucose excursions, whereas splitting
dinner into two stages - eating carbohydrates early in the evening
(18:00) followed by vegetables and the main dish (protein) later on
(21:00) - significantly ameliorated daily glucose excursions and
postprandial hyperglycaemia in both people with and without
diabetes [20,21].

However, the effect of eating sweet snacks at different times
of day on glycaemic responses has not been extensively studied
in people without diabetes. Thus, the aim of the present study
was to evaluate the acute effect of eating sweet snacks at
different times of day on glycaemic parameters, as obtained by
flash (continuous) glucose monitoring (FGM), in young healthy
(non-diabetic) women. The FGM system used for glycaemic
measurement in this study has been reported to be an accurate
and effective replacement for self-monitoring of blood glucose
[22-24].

Days 1-3

Flash glucose monitor worn

Methods
Participants

A total of 19 female students at Kyoto Women’s University in
Kyoto, Japan, volunteered and were informed of the study
requirements, which was conducted between July 2017 and
January 2018. These volunteers had to have no history of any
metabolic disease. In addition, none of these women could be
pregnant or smokers, or have any eating disorders, weight loss or
other special diet within the past 6 months; all also had to refrain
from taking any medications or supplements known to affect
metabolism. The purpose, design and risks of the study were
explained to each participant, and written informed consent was
obtained from each volunteer prior to starting the study.

Study design

The study protocol was approved by the Ethics Committee of
Kyoto Women’s University according to guidelines laid down by
the Declaration of Helsinki, and was registered on Clinical Trial gov.
(UMIN 000009465). This was a randomized controlled three-
treatment crossover within-participant clinical trial. The study
protocol was explained to each participant prior to the study, and
all participants received phone calls during the study period by
clinic dietitians to ensure adherence to the study protocol (Fig. 1).

All participants had to wear an FGM device (FreeStyle Libre Pro,
Abbott Laboratories, Abbott Park, IL, USA) on the back of their left
upper arm under physician management at Kyoto Women's
University. During the 7-day test period, each participant
consumed identical test meals (total energy: 2054 kcal; protein:
70.8 g; fat: 70.2 g; carbohydrate: 287.3 g) for breakfast at 07:00,
lunch at 12:00 and dinner at 19:00 at home from study days 2 to 6
(Table 1). Half the participants consumed their snacks at 12:30
(post-lunch) on day 4, at 15:30 (mid-afternoon) on day 5 and at
19:30 (post-dinner) on day 6 at home. The other half of
participants consumed their snacks post-dinner on day 4, in the
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Fig. 1. The 7-day study protocol: all participants consumed identical test meals, while wearing flash (continuous) glucose monitoring devices, for 3 days of breakfast at 07:00,
lunch at 12:00 and dinner at 19:00, while snacking at 12:30 (post-lunch) on day 4, at 15:30 (mid-afternoon) on day 5 and at 19:30 (post-dinner) on day 6, or at 19:30 on day

4 and at 12:30 on day 6.
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Table 1
Composition and macronutrient contents of study test meals.

Energy (kcal) Protein (g) Fat(g) Carbohydrate (g) Fibre (g) Contents in detail

Breakfast 351 15.5 10.6 54.2 5.0 White bread 60 g, tomato 100 g, broccoli 60 g, milk 200 g, strawberry jam
(sugar-free) 13 g

Lunch 549 23.2 11.2 87.5 7.8 Boiled white rice 150-200 g, frozen meal box of fried fish with vegetable,
tomato 100 g, spinach 80 g

Dinner 656 241 204 92.0 8.2 Boiled white rice 150-200 g, seasoned seaweed, tomato 100 g, frozen meal box
of gluten steak with vegetable, spinach 80 g with fried tofu 15 g

Snack 498 8.0 28.0 53.6 0 Baked cake 120 g

Total 2054 70.8 70.2 287.3 21.0

mid-afternoon on day 5 and post-lunch on day 6. All participants
were assigned to their group by flipping a coin. On day 7, all had
their FGM devices removed under physician instruction at Kyoto
Women'’s University.

The composition and nutritional content of the test meals were
analyzed by computer software (Excel Eiyo-Kun, Kenpakusya,
Tokyo, Japan). The energy ratios of these meals was 56%, 14% and
30% from carbohydrate, protein and fat, respectively. Meals
consisted of boiled white rice, white bread, milk, tomato
(100 g x 3), spinach (80 g x 2), broccoli (60 g), a frozen food
box of gluten ‘steak’ and fried fish with vegetable (Tokatsu Foods
Co., Ltd, Yokohama, Japan), and a 498-kcal baked cake snack
(carbohydrate: 53.6 g; protein: 8.0 g; fat: 28.0 g).

All test meals had the same macronutrient content and
composition. The frozen food boxes (for lunch and dinner) and
the snack were provided by the research group, whereas the rest of
the test food was prepared by the participants according to a
brochure prepared for each participant by our clinic dietitians. The
frozen food boxes were kept in a freezer and heated in a microwave
at 600 W for 2-3 min by each participant at home. The boiled
white rice was measured to an exact amount between 150 and
200 g, which was designed to meet the caloric requirement of each
participant (calculated as 30 kcal/kg body weight/day).

All test meals, including the cooked rice, were heated by
microwave by each participant before consumption. Each partici-
pant weighed all their food and consumed all test meals and snacks
at the times specified by the study protocol. None were allowed to
eat or drink anything other than the test meals except for water,
green tea, or black tea and coffee with no sugar or milk during the
study period. All participants were also asked to avoid alcohol and
excessive physical activity for 2 days prior to and during the study
period.

The participants’ food consumption was controlled as follows:
the first dish of vegetables was consumed for 5 min, the main dish
for 5 min and rice/bread for 5 min at each meal; and all test meals
had to be consumed within 20 min [20]. All participants were also
instructed to follow the study protocol strictly during the study
period, and all records of food amounts and meal times were
assessed for the required compliance with the study protocol by
the dietitians, who excluded any participants who failed to follow
the protocol. Thus, all analyzed participants consumed identical
test meals and snacks for 3 days except for snacking at different
times of day. FGM data were recorded and all daily glucose
parameters measured during the study period were compared.

Measurements

Two weeks prior to starting the study, participants’ anthropo-
metric measurements and blood samples were collected in the
morning after an overnight fast. Fasting whole blood glucose was
measured using amperometric methods. Haemoglobin A;. (HbA;.)
levels were determined by high-performance liquid chromatogra-
phy (HPLC). Incremental areas under the curve (IAUCs) for glucose

after lunch and dinner at 12:00 and 19:00, respectively, were
calculated from baseline values, using the trapezoidal rule.
Parameters to evaluate glycaemic variability included MAGE,
large amplitude of glycaemic excursions (LAGE), standard devia-
tion (SD) of glucose, percentage coefficient of variation (CV) for
glucose (obtained by computing the following: SD of glucose/mean
glucose x 100 [25]), and maximum (MAX) and minimum (MIN)
glucose levels. MAGE, LAGE and glucose SD were also calculated
from 12:00 to 12:00 the next day as described previously
[26]. These glucose parameters were compared within each
participant for the 3 days of consuming identical meals except
for snacking at different times of day.

Sample size and statistical analyses

A sample size of 14 participants conferred an 80% power to
detect a 5% difference in MAGE, based on our previous study of
snacking at different times in patients with T2D [19]. For the
present study, 19 participants were enrolled, but two were
excluded because of non-adherence to the study protocol. Thus,
our present results are based on 17 women.

Primary outcomes were mean blood glucose, SD of glucose,
MAGE and LAGE, while secondary outcomes were postprandial
glucose and IAUC for glucose. Also, as a normal distribution and
homogeneity of all glycaemic parameters could not be confirmed
by Shapiro-Wilk and Levene tests, paired comparisons were
performed instead, using the Wilcoxon matched-pairs signed-rank
test, followed by post-hoc Bonferroni inequality (P < 0.017) when
Friedman’s test revealed significant effects for glucose parameters
(P < 0.05). Results are reported as means + SEM (standard error of
the mean) unless otherwise stated. All analyses were performed with
SPSS Statistics version 22 software (IBM Corp., Armonk, NY, USA).

Results

Two participants were excluded: one could not eat test meals
on time; and the other could not finish the entire test meal. Thus,

Table 2
Characteristics of study participants without diabetes (n = 17).
Women 17
Age (years) 212 £08
Height (cm) 159.6 + 6.3
Body weight (kg) 529 + 84
Body mass index (kg/m?) 20.7 £ 25
HbA; . [(mmol/mol)%] 36 +2(5.1+02)
Fasting plasma glucose (mmol/L) 49 +0.7
Systolic blood pressure (mmHg) 106 £ 8
Diastolic blood pressure (mmHg) 64 +7
Family history of diabetes
Father 0
Mother 0
Grandfather 3
Grandmother 4

Data are means + SD or n.
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Fig. 2. The mean glucose profile during the study period in healthy young women (n = 17) on the day they consumed snacks at 12:30 (post-lunch), 15:30 (mid-afternoon) and

19:30 (post-dinner).

17 women completed the study, and their characteristics are
shown in Table 2. Their MAGEs, SDs of glucose, CVs, IAUC at 12:00-
07:00, and IAUC at 07:00-10:00 the next day when snacking post-
dinner (19:30) were all significantly higher compared with their
values when snacking in the mid-afternoon (15:30), even though
mean glucose levels did not differ with different timings of
snacking (Fig. 2, Table 3). In addition, the IAUC at 12:00-07:00
when snacking in the mid-afternoon (15:30) tended to be lower
than when snacking post-lunch (12:30).

Discussion

Our present study has demonstrated that the consumption of
identical test meals and an identical sweet snack (498 kcal)
post-dinner resulted in greater daily glucose excursions
compared with snacking in the mid-afternoon. Even though
all test meals were identical in nutrient composition, differences
in the timing of eating the sweet snacks produced significant
differences overall in glucose excursions in healthy young

Table 3
Glucose parameters in young healthy women (n = 17).

Japanese women, aremarkable finding. Moreover, the glycaemic
response to consuming a sweet snack post-dinner also affected
the TAUC after breakfast the next day. As wide glucose
fluctuations are known to be risk factors for cardiovascular
disease and T2D in both those with and without diabetes [2-
4,25], this study has clearly demonstrated that eating sweet
snacks after dinner should be avoided in healthy young women.
On the other hand, eating a sweet snack in the mid-afternoon
(between lunch and dinner) ameliorates post-meal glycaemic
responses compared with eating such snacks after dinner,
although the consumption of sweet snacks is not recommended
for anyone. To our knowledge, this is the first study to report that
eating sweet snacks at different times of day leads to a significant
difference in glucose excursions in healthy people, just as it does
in people with T2D [19].

One possible reason for the greater glycaemic excursions when
eating sweet snacks post-dinner may be related to the body’s
natural circadian rhythm. The higher postprandial glucose levels
observed with sweet-snacking post-dinner might be related to

Snack at 12:30
(post-lunch)

Snack at 15:30
(mid-afternoon)

Snack at 19:30
(post-dinner)

P (19:30 vs. 15:30) P (19:30 vs. 12:30) P (12:30 vs. 15:30)

Mean glucose level 5.81 (0.09) 5.77 (0.11) 5.80 (0.12)
(mmol/L)

SD of glucose 1.08 (0.11) 0.92 (0.07) 1.20 (0.11)
(mmol/L)

CV for glucose (%) 18.6 (1.8) 16.1 (1.4) 20.3 (2.0)

MAGE (mmol/L) 3.03 (0.27) 2.73 (0.20) 3.54 (0.32)

MAX glucose 8.98 (0.38) 8.51(0.32) 9.13 (0.39)
(mmol/L)

MIN glucose 434 (0.14) 441 (0.13) 423 (0.18)
(mmol/L)

LAGE (mmol/L) 4.64 (0.40) 4.11 (0.33) 4.91 (0.45)

IAUC 12:00-07:00 870 (112) 716 (88) 986 (89)
(mmol/L x min)

IAUC 07:00-10:00 105 (8.6) 104 (12) 141 (17)

(mmol/L x min)

0.629 0.629 0.629
0.002 0.210 0.077
0.002 0.629 0.332
0.013 0.049 0.332
0.049 0.210 0.454
0.118 0.804 0.629
0.077 0.332 0.332
0.013 0.332 0.049
0.013 0.210 1.000

Data are means (SEM) as calculated by Wilcoxon’s matched-pairs signed-rank test; MAGE, LAGE, SD, CD, MAX, MIN calculated as described in main text; IAUC calculated using
trapezoidal rule as area under the curve for glucose above baseline value at 12:00 (lunch) and 19:00 (dinner).
SD: standard deviation; CV: coefficient of variation; MAGE: mean amplitude of glycaemic excursions; MAX: maximum; MIN: minimum; LAGE: large amplitude of glycaemic

excursions; IAUC: incremental area under the curve.
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diurnal variations in insulin resistance and plasma free fatty acid
(FFA) concentrations. Some research has indicated that insulin
resistance is higher at night than in the morning or during the day
[27]. In addition, with longer fasting, which was 6.5 h between
lunch and dinner in our present study, plasma FFA concentrations
are increased, and higher FFA concentrations had negative effects
on insulin sensitivity when participants consumed snacks post-
dinner. Moreover, there are also reports that glucagon-like peptide
(GLP)-1 secretion is influenced by diurnal rhythms independently
of food intake [28,29].

However, our present study has only demonstrated the acute
effects of different timings of consuming sweet snacks on
glycaemic parameters and, thus, further investigations are now
required to determine the underlying mechanisms, including the
secretion of insulin, glucagon and incretin hormones.

One reason for the improvement in glucose excursions when
snacking in the mid-afternoon rather than post-dinner or post-
lunch may be explained by the smaller amount of carbohydrates
in each meal: postprandial glucose levels are usually influenced
by meal size, particularly the amount of carbohydrates
[30,31]. Thus, in our study, the amounts of carbohydrate when
snacking post-lunch and post-dinner were 141.1 g and 145.6 g,
respectively (lunch: 87.5 g, dinner 92.0 g, snack 53.6 g), whereas
consumption of the snack alone at mid-afternoon amounts to only
53.6 g of carbohydrate. Thus, the IAUC at 12:00-07:00 was
significantly lower when snacking in the mid-afternoon com-
pared with post-dinner, and tended to be lower than when
snacking post-lunch.

In addition, another reason why the IAUC at 12:00-07:00 was
lower when snacking in the mid-afternoon compared with post-
lunch or post-dinner might be the ‘second meal effect’. In this case,
the first and second phases of insulin release may have been
enhanced by the previous glucose response to eating a snack at
15:30 (mid-afternoon), 3 h from lunch and from dinner, whereas
postprandial glucose levels after dinner were restrained by the
second meal [32,33]. However, such a second meal effect is still
hypothetical, as its confirmation would require plasma insulin
measurements at both pre- and post-meal as well as the glycaemic
responses.

Nevertheless, our present study has demonstrated that eating
a sweet snack post-dinner increases glucose excursions and
postprandial glucose levels both post-dinner and after the
following morning’s breakfast compared with eating a sweet
snack in the mid-afternoon. Thus, eating sugar- and fat-rich
snacks should be avoided by everyone, including healthy young
women. Moreover, even if some people may find it difficult to
replace a sweet snack with nuts or low GI foods, eating a sweet
snack 3-4 h away from lunch might be a practical means of
suppressing large daily glucose excursions, as shown in the
present study.

This hypothesis appears to be consistent with our previous
studies in which dinner was divided, resulting in four instead of
three meals per day, to reduce glycaemic excursions in both those
with and without T2D [20,21]. In addition, some studies have
demonstrated that eating more frequently improves glucose
control in people with and without diabetes [34-36]. Therefore,
it may be more beneficial to decrease glycaemic excursions by
dividing meals into smaller portions while maintaining an
identical total nutrient intake per day.

One limitation of the present study, as with all dietary acute
interventional studies, is the inability to translate these effects
into long-term clinical benefits. It should also be mentioned that,
besides the timing of consumption, the macronutrient composi-
tion of snacks might also affect glycaemic control [36]. In
addition, while glucose excursions with different timings of
consuming small snacks (75-kcal biscuits) failed to produce any

difference in healthy individuals (data not shown), a significant
difference was observed when such snacks were consumed post-
lunch and mid-afternoon in people with T2D [19]. Another
limitation is that the study population comprised only healthy
Japanese women, making it unclear whether the present results
can be appropriately applied to people with diabetes, to healthy
men and to other racial groups. Finally, the mechanisms
underlying metabolic regulation, including insulin and incretin
hormone secretion and endogenous glucose production, also
remain unclear.

Nevertheless, the disadvantages of eating sweet snacks post-
dinner, as shown in this study, raise the possibility of a greater risk
of cardiovascular disease and T2D in otherwise healthy young
women. However, additional investigations are as yet still
required to elucidate the mechanisms behind our study findings
and the long-term effects on metabolic control in people without
T2D.

Conclusion

This study has demonstrated that eating sweet snacks post-
dinner worsens glucose excursions as well as postprandial glucose
levels after both dinner and the following morning’s breakfast.
Thus, consuming sweet snacks after dinner should always be
avoided in healthy young women.
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