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Background & aims: Glucose metabolism is, in part, regulated by the circadian rhythm. Postprandial
glucose response is exaggerated and insulin sensitivity is reduced at night compared with the morning.
Sustained poor glucose tolerance may be related to the increased risk of type-2 diabetes mellitus and
cardiovascular disease experienced by shift workers. Manipulation of meal type may be able to dampen

Keywords: such postprandial excursions. Therefore, the study's aim was to investigate postprandial glucose and
Shift work insulin responses to a low glycemic index (GI) meal in the morning compared to night in healthy
:\:Sglﬂfn volunteers.

Diurnal Methods: An oral glucose tolerance test (OGTT), was undertaken to confirm diurnal glucose response.
OGTT Participants consumed a glucose solution at 0800h (morning) and 2000h (evening). In a separate trial,

participants consumed a low GI meal (3.3 MJ, 48% energy (E) from carbohydrate, 40%E from fat and 11%E
from protein, 22 g fiber) at 0800h, 2000h and 0000h (midnight). Postprandial glucose and insulin were
collected over 3 h. Incremental area under the curve (iAUC) was calculated and significance tested using
Wilcoxon-signed rank. A p-value <0.05 was taken as significant.
Results: In the OGTT (n = 10), postprandial glucose iAUC was higher in the evening compared to morning
(p = 0.007). In the low GI meal trial (n = 9), postprandial glucose iAUC at evening and midnight were
higher than the morning (p = 0.008, p = 0.021) but not significantly different between evening and
midnight (p = 0.594). Postprandial insulin iAUC was also higher in the evening and at midnight
compared to the morning (p = 0.008 for both).
Conclusions: The current study confirms that meal intake at night, even when comprised of low glycemic
ingredients, contributes to higher glucose excursions and concomitantly greater insulin levels, compared
with an equivalent meal in the morning. This demonstrates that meal timing has an effect on glucose
metabolism, which can be observed from as early as 8pm and persists throughout the night. This
identifies meal timing as an important modifiable risk factor for metabolic-related disease, which may
have implications for high risk populations such as shift workers but also the general population.
Trial registration: Study ID number: ACTRN12616000164493; Website of trial registry: http://www.
anzctr.org.au/.

© 2017 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Circadian rhythm

1. Introduction

Numerous physiological processes of the human body are gov-
erned by the circadian clock. The central circadian clock is located
in the suprachiasmatic nuclei (SCN) of the hypothalamus and re-
sponds to cues of the light/dark cycle in the external environment
[1]. Clocks are also present in peripheral tissues, such as the liver

Abbreviations: BASE, Be Active Sleep & Eat Facility of Monash University
Australia; GI, glycemic index; h, hour; iAUC, incremental area under the curve; LGI

trial, low glycemic index meal trial; min, minute; OGTT, oral glucose tolerance test;
T2DM, type-2 diabetes mellitus; %E, Percentage of energy.
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and gastrointestinal tract. Under normal circumstances, these body
clocks ensures metabolic pathways follow a circadian rhythm and
occur at the most appropriate time of the day [1]. Glucose meta-
bolism follows such circadian rhythm, reflected through the diurnal
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variation of glucose tolerance that peaks during the day light hours
(when feeding typically occurs) and reduces during the dark hours
(when fasting typically occurs) [2]. Insulin is also subject to diurnal
variation, with insulin sensitivity reducing over the course of the
24-h day [3/4].

Night shift workers, especially those working in a rotating shift
schedule, are constantly changing their sleep/wake and feed/fast
cycle. Such behavioral changes affect their ability to adopt a regular
circadian rhythm and may have an influence on metabolic pro-
cesses [5,6]. A small number of well-controlled simulated shift
work studies show that eating at night time, compared to during
the day, were associated with poor glucose tolerance and reduced
insulin sensitivity [7—9]. Based on this, night time eating may be
associated with the increased risks of type-2 diabetes mellitus
(T2DM) and cardiovascular disease observed in shift workers,
compared to their non-shift working counterparts [10—13].

Avoidance of food intake at night is unrealistic for many people.
Therefore, understanding if manipulation of meal composition can
favorably impact on postprandial responses is important. This will
assist in the management of disease risk factors in the shift worker
population. Randomized controlled trials demonstrate that low
glycemic index (GI) meals [ 14] create minimal postprandial glucose
responses in healthy individuals and also in those with obesity or
T2DM [15—17]. However, in an acute postprandial trial, the bene-
ficial effect of low GI meals on postprandial glycemic response
could not be reproduced in the evening [18]. These findings have
repercussions for food choice at night in shift working populations.

As such, the current study aimed to examine the postprandial
glucose and insulin responses to a low GI meal at 0800h, 2000h and
midnight in healthy adults. The addition of a midnight arm enabled
the researchers to examine the metabolic responses of a typically
healthy meal later in the night, which has not been investigated
previously. Based on constant routine studies on meal timing
[19,20], we hypothesize that the glucose response at midnight will
be more exaggerated compared to at 2000h. A separate trial was
also undertaken, comparing the postprandial glucose responses to
the oral glucose tolerance test (OGTT) given at 0800h and 2000h.
The OGTT is the diagnostic test for T2DM, which allowed us to
confirm the temporal difference of postprandial glucose regulation
in healthy adults.

2. Subjects and methods
2.1. Study design

The study comprised two separate crossover intervention trials.
The first trial utilized a 2-h oral glucose tolerance test (OGTT) to
compare glucose response in the morning (0800h) and evening
(2000h). In the second trial, low glycemic index meal trial (LGI
trial), the OGTT was replaced by a low GI meal given at 0800h,
2000h and midnight; postprandial glucose and insulin were
measured for 3 h. Each session (for both OGTT and LGI trial) was
completed on a different day. Participants chose the order of ses-
sion completion based on time of convenience and were not ran-
domized. Time of day was considered the intervention, hence
blinding was not possible. The study was conducted at the Be Active
Sleep Eat (BASE) Facility at Monash University, Australia.

2.2. Ethics

This study was approved by the Monash University Human
Research Ethics Committee (Project Code CF15/1301—2015000620)
and complied with the Declaration of Helsinki of 1975 as revised in
1983. It was registered with the Australian New Zealand Clinical
Trials Registry (ID: ACTRN12616000164493).

2.3. Participants

Eligible participants were healthy males and females (BMI be-
tween 18.5 and 30 kg/m?) and aged between 18 and 50 years.
Recruitment was carried out between July 2015 and February 2016
of which 32 potential participants expressed interest. Eligible par-
ticipants had to maintain a regular sleep/wake cycle; residing to
bed between 2200h and 0000h habitually. Those who were
engaged in shift work; diagnosed with impaired fasting glucose
(fasting glucose > 6 mmol/L), diabetes mellitus, cardiovascular
disease or sleep disorders; taking oral hypoglycemic agents, anti-
hypertensive or lipid-lowering medication were excluded. Eligi-
bility was assessed through a phone interview and confirmed
through a screening session at the BASE facility prior to inclusion.
Participation was voluntary; written informed consent was ob-
tained from all participants.

2.4. Pre-intervention procedures

Before each study session, participants were asked to maintain
their regular sleep/wake cycle for at least three days. One day prior
to, and including the day of each session, participants were asked to
abstain from alcohol and strenuous exercise. All participants were
provided with an identical control meal prior to each session. The
participants were instructed to consume the meal at least 10 h prior
to the start of each session, i.e. the night before a morning session
(2200h), the morning (1000h) of a night session or the afternoon
(1400h) of a midnight session. This ensured a 10-h fast period
before each session. The control meal contained a total of 2.7 MJ,
with approximately 48% of energy (E) from carbohydrate, 34%E
from fat and 19%E from protein. Once participants had consumed
this control meal, they were asked to refrain from any further food
or beverages intake (except water) until arriving at the BASE
facility.

2.5. Test meal challenge

251 OGIT

The glucose solution administered contained 75 g of pure
glucose powder (Glucodin, Inova Pharmaceuticals, Australia)
diluted in 400 ml of water. The drinks were prepared on the day of
each session.

2.5.2. LGl trial

Participants were given a tomato-based vegetarian pasta dish.
Each individual ingredient used in the meal was associated with a
low GI value (GI < 55), but the meal's overall GI value was not
assessed. The low GI meal consisted of 3.3 MJ, with 48%E from
carbohydrate, 40%E from fat, 11%E from protein and 22 g of fiber.
Nutrient composition of the low GI meal was analyzed using
Foodworks (version 7.0.3016, Xyris Software, Brisbane, Australia).

2.6. Procedures

2.6.1. OGTT

For the morning session (0800h), participants reported to the
BASE facility at 0730h. Baseline anthropometric measures (height,
weight and waist circumference) and blood pressure were obtained
using standardized procedures. Fasting blood samples (finger prick)
were taken 15 min and immediately prior to administering the
OGTT (i.e.: —15 and 0 min measure). The glucose solution was
provided at 0800h and participants were asked to consume this
within 5 min. Blood samples were then taken at 15, 30, 45, 60, 90
and 120 min after the commencement of the drink. A small drop of
capillary blood was obtained from a finger prick and placed on the
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target area of the testing strip (Accu-Chek Performa test strip, Accu-
Chek, Indiana, USA) and immediately assessed for glucose using an
Accu-Chek blood glucose monitor (Accu-Chek Performa II, Accu-
Chek, Mannheim, Germany). Readings were recorded to the near-
est 0.1 mmol/L. Participants remained in the BASE facility during
this period and no other food was consumed, but water was
allowed. Participants remained awake and were permitted to un-
dertake sedentary activities such as watching television.

For the evening session (2000h), participants reported to the
BASE facility at 1930h. The glucose solution was administered at
2000h and the session concluded at 2200h. All other procedures
were the same as the OGTT morning session.

2.6.2. LGl trial

The LGI trial replicated the OGTT except an intravenous cannula
was inserted by an experienced nurse or phlebotomist 30 min
before the start of the session. For the morning session (0800h), a
fasting blood sample was taken (0 min measure), immediately
followed by a low GI meal at 0800h, which participants were asked
to consume within 15 min. Blood samples were then taken at 15,
30, 45, 60, 90, 120, 150 and 180 min after the commencement of the
meal. At each time point, blood for glucose and insulin samples
were drawn from the intravenous cannula into a 4 ml EDTA tube
(BD Vacutainer, Oxford, UK), centrifuged at 626 x g at 4 °C for
12 min (Eppendorf Centrifuge 5702R, Hamburg, Germany) and
plasma was aliquoted and frozen at - 80 °C for future analysis.
Participants remained in the BASE facility during this period and
permitted activities were the same as during the OGTT session.

For the evening session (2000h), participants reported to the
BASE facility at 1930h. The low GI meal was administered at 2000h
and the session concluded at 2300h. For the midnight session,
participants reported to the BASE facility at 2330h. The low GI meal
was administered at midnight and the session concluded at 0300h;
participants remained awake for the entire session. All other pro-
cedures for the evening and midnight session were the same as the
LGI trial morning session.

2.7. Biochemical analysis (LGI trial)

Plasma glucose (Thermo Fisher, 981779) was analyzed using an
Indiko™ Clinical and Specialty Chemistry System (Thermo Fisher
Scientific™, Vantaa, Finland) as per manufacturer instructions. The
multicalibrator Scal (981831) was used to calibrate the machine in
conjunction with control serums Nortrol (981043) and Abtrol
(981044). Glucose in the sample was phosphorylated to glucose-6-
phosphate by hexokinase. The change in absorbance at 340 nm
resulting from NAD™ being reduced to NADH was measured, and
the corresponding concentration calculated by referencing the
standard curve. Intra-assay coefficient of variation was <5%. Plasma
insulin was measured by an in-house enzyme-linked immunoassay
(Department of Physiology, Monash University), using an anti-
insulin antibody raised in guinea pigs (Antibodies Australia,
Australia). The insulin ELISA was calculated to have a sensitivity of
0.2 ng/ml and the following between-assay coefficient of variation:
10.4% at 1.45 ng/ml, 12.3% at 3.43 ng/ml and 7.6% at 4.41 ng/ml. All
samples were ran in duplicate, any duplicate sample with a coef-
ficient of variation of more than 10% was rerun.

2.8. Data analysis

A power calculation was conducted a priori based on data from a
previous study [7] that administered meals at 1300h (day time
point) and at 0100h (night time point). Seven participants were
required, to provide 80% power and detect a mean difference of 15%

in glucose concentration (total area under response curve) at an
alpha value of 0.05.

Data from the OGTT and LGI trial were analyzed separately.
Statistical analyses were conducted using Statistical Package for
Social Sciences (version 21.0, IBM Corp., New York). Statistical sig-
nificance was considered as p < 0.05.

2.8.1. OGTT

Postprandial glucose response, estimated using incremental
area under the response curve (iAUC), was the primary outcome
measure. The iAUC was calculated by the trapezoid rule, which
ignores the area beneath the baseline concentration [21]. Fasting
glucose was taken as the mean of the —15 min and 0 min measure.
All data are reported as median (IQR), except for the postprandial
glucose time course graphs, which are reported as mean + SEM.

The Wilcoxon signed-rank test was used to analyze the differ-
ence in postprandial glucose iAUC, fasting glucose concentration
and glucose concentration at 120 min postprandial between the
morning and evening sessions.

2.8.2. LGl trial

Postprandial glucose iAUC was the primary outcome measure.
Postprandial insulin iAUC was the secondary outcome measure.
Fasting glucose and insulin concentration was taken as the 0 min
measure. Insulin samples that were below the detection limits of
the assay were reported as the lower limit of detection of 0.1 ng/ml.
Insulin data were converted to mU/L for analysis. All data are re-
ported as median (IQR), except for the postprandial glucose and
insulin time course graphs, which are reported as mean + SEM.

The Friedman Test was used to analyze the differences in fasting
and postprandial measures between the three sessions (morning,
evening and midnight). Comparisons were made across the three
time points for glucose and insulin iAUC, fasting glucose and insulin
concentration, glucose concentration at 180 min postprandial, early
phase insulin response (iAUC from O to 30 min) and late phase
insulin response (iAUC from 30 to 120 min) [22]. The Wilcoxon
signed-rank test was used as the post hoc test.

3. Results
3.1. Participant enrollment

The study participant flow of both OGTT and LGl trial is shown in
Fig. 1. Ten participants completed the OGTT and nine completed the
LGI trial; all data were included in analyses. Five participants
completed both trials.

3.2. OGIT

3.2.1. Participant characteristics

Seven of ten participants completed the morning session first.
Baseline characteristics of participants are presented in Table 1. All
participants were within the healthy weight range. Fasting capillary
blood were in the normal range of below 5.5 mmol/L [23] and
similar between the morning and evening sessions (p = 0.475).

3.2.2. Postprandial glycemic response of OGTT administered in the
morning and evening

Postprandial capillary blood glucose concentrations after the
OGTT are shown in Fig. 2. The Wilcoxon signed-rank test showed
that the median postprandial glucose iAUC was significantly greater
in the evening compared to the morning (331.88 (166.22) mmol/
L.2h versus 181.17 (160.32) mmol/L.2h, p = 0.007). Mean (SD)
within subject difference of glucose iAUC between the morning and
evening sessions are presented in Supplementary Table 1.
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Fig. 1. Participant flow for both OGTT and LGI trial. LGI trial, low glycemic index meal trial; OGTT, oral glucose tolerance test.

Table 1
Baseline characteristics of participants in the OGTT (n = 10). OGTT, oral glucose
tolerance test.

Characteristics

Gender 8 (F), 2 (M)
Median (IQR)
Age (years) 23 (4)
BMI (kg/m?) 22.6 (3.0)
Waist circumference (cm) 72.4 (9.2)
Systolic blood pressure (mmHg) 109 (7)
Diastolic blood pressure (mmHg) 71 (6)
0800h 2000h
Fasting glucose (mmol/L) 4.7 (0.6) 4.8 (0.6)

The median glucose concentration at 120 min postprandial (5.6
(2.1) mmol/L) was not different to the fasting concentration
(p = 0.097), indicating that the blood glucose concentration has
returned to baseline at the end of the session. Conversely, in the
evening session, the median glucose concentration (6.7 (2.9) mmol/
L) remained elevated on completion of the study (120 min post-
prandial) compared to the fasting concentration (p = 0.012).

3.3. LGI trial

3.3.1. Participant characteristics

Of the nine participants, three completed the morning session
first, while four and two participants completed the evening and
midnight session first respectively. Baseline characteristics of par-
ticipants are presented in Table 2. All participants were within the
healthy weight range. Fasting plasma glucose were in the normal
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Fig. 2. Postprandial capillary blood glucose concentration after the oral glucose
tolerance test (OGTT) at two time points: morning at 0800h (@) and evening at 2000h
(M). The Wilcoxon signed-rank test showed significant difference between the
morning and evening glucose incremental area under curve (p = 0.007). Values
expressed as mean + SEM, n = 10.

range of below 5.5 mmol/L [23] and similar between the three time
points (p = 0.819). Fasting insulin were also similar across the three
time points (p = 0.196).

3.3.2. Postprandial glycemic response of low GI meal consumed in
morning, evening and midnight

Postprandial plasma glucose concentrations after consumption
of a low GI meal are shown in Fig. 3a. The Friedman test showed a



G.K.W. Leung et al. / Clinical Nutrition 38 (2019) 465—471 469

Table 2
Baseline characteristics of participants in the LGI trial (n = 9). LGI trial, low glycemic
index meal trial.

Characteristics

Gender 7 (F), 2 (M)
Median (IQR)
Age (years) 26 (15)
BMI (kg/m?) 23.6 (3.9)
Wiaist circumference (cm) 74.5 (4.8)
Systolic blood pressure (mmHg) 112 (13)
Diastolic blood pressure (mmHg) 72 (5)
0800h 2000h 0000h
Fasting glucose (mmol/L) 5.0 (0.7) 4.8 (0.7) 5.1(0.8)
Fasting insulin (mU/L) 7.4 (6.6) 3.8 (5.5) 4.1 (2.6)

significant difference in postprandial glucose iAUC between the
three time points (p = 0.004). Median postprandial glucose iAUC
(Table 3) was significantly greater after the evening and midnight
sessions compared with the morning session (p = 0.008, p = 0.021).
No significant difference was found between the evening and
midnight postprandial glucose iAUC (p = 0.594). Mean (SD) within
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0 1 L] 1 L] L] L}
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Fig. 3. (a) Postprandial plasma glucose concentration after a low glycemic index meal
at three time points: morning at 0800h (@ ), evening at 2000h (M) and midnight at
0000h ( A ). The Friedman test showed a significant difference in postprandial glucose
incremental area under the curve between the three time points (p = 0.004). Values
expressed as mean + SEM, n = 9. (b) Postprandial plasma insulin concentration after a
low glycemic index meal at three time points: morning at 0800h (@), evening at
2000h (M), midnight at 0000h ( A ). The Friedman Test showed a significant differ-
ence in postprandial insulin incremental area under the curve between the three time
points (p = 0.001).Values expressed as mean + SEM, n = 9.

subject difference of glucose iAUC between the three sessions are
presented in Supplementary Table 1.

At the completion of both morning and evening sessions
(180 min postprandial), median glucose concentration have
returned to the fasting concentration (p = 0.138 and p = 0.097
respectively) (Table 3). Conversely, in the midnight session, the
median glucose concentration remained elevated on completion of
the session (180 min postprandial) compared to baseline
(p =0.012).

3.3.3. Postprandial insulin response of low GI meal consumed in
morning, evening and midnight

Postprandial plasma insulin concentrations after consumption
of a low GI meal are shown in Fig. 3b. Median postprandial insulin
iAUC (Table 3) was significantly greater in the evening and
midnight sessions compared with the morning session (p = 0.008
for both); however, no significant difference was found between
the evening and midnight postprandial insulin iAUC (p = 0.374).
Mean (SD) within subject difference of insulin iAUC between the
three sessions are presented in Supplementary Table 1.

The early phase insulin response (0—30 min) was not different
between the three different time points (p = 0.717). No late phase
insulin response (30—120 min) was observed after the morning
meal (Table 3). Conversely, insulin concentration peaked later after
the evening and midnight meal (compared to the morning);
creating a significantly larger late phase insulin response (p = 0.018
and p = 0.017). There was no significant difference between the
evening and midnight late phase insulin response (p = 0.327).

4. Discussion

This study reports exaggerated glucose response to meal chal-
lenges at night (8pm and midnight), compared to the morning in
healthy participants. The low GI meal was able to improve glycemic
response in the morning, but had little impact at night. This may be
associated with the effect that the endogenous circadian rhythm
have on glucose metabolism [24]. Unexpectedly, glycemic response
at 8pm and midnight was similar.

Our study's findings builds on observations from previous
postprandial studies [8,25,26]. Gibbs et al. [18], in particular,
found that the postprandial glucose response was higher in the
evening compared to the morning, for both low GI and high GI
meals. Unexpectedly, the glycemic responses between the low GI
and high GI meals were not different in the morning. They
concluded that further research was required, using “larger
meals sizes with different nutritional compositions” [18], to
determine whether low GI meals indeed have little benefits in
the evening. Therefore, in our study, the low GI meal used was
more comparable to a main meal, with a higher total energy load
and an even macronutrient distribution. Despite these changes,
postprandial glucose response was high at night, as observed
previously [18]. However, we showed that this occurred despite
an elevation in insulin response, which was not observed in the
Gibbs et al. study [18].

The reduced glucose tolerance observed at night may be
attributed to reduced insulin sensitivity. This is indicated through
higher plasma insulin iAUC measured at both night time points
compared to the morning. In particular, higher late phase insulin
response observed at night, despite sustained elevation in post-
prandial glucose concentration, suggests reduced insulin sensi-
tivity [24]. Although we could not prove this in our study, other
intervention trials have employed more specific techniques to
examine insulin sensitivity of peripheral tissues, including the
intravenous glucose tolerance test, intravenous insulin tolerance
test and the Triple Tracer Technique [3,27,28]. All studies found a
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Table 3
Postprandial glucose and insulin after a low glycemic index meal at three time points
(n = 9). Data reported as median (IQR).

0800h 2000h? 0000h?
Glucose iAUC 27.90 (40.98) 17625 (331.21)* 252.75 (84.80)°
(mmol/L.3h)
Glucose concentration 4.7 (0.5) 5.2 (0.8) 5.8 (1.1)°

at 180 min (mmol/L)°
Insulin iAUC (mU/L.3h)
Late phase insulin

response (mU/L.90min)*

1404.4 (885.2) 3288.0 (1844.8)* 2945.1 (3665.2)°
0.0 (0.0) 93.8(811.3)0  239.6 (391.6)°

iAUC: incremental area under the curve.

@ Significantly different to concentration observed at 0800h denoted by?; deter-
mined by the Wilcoxon signed-rank test.

b Significantly different to the fasting glucose concentration of the session,
denoted byP, determined by the Wilcoxon signed-rank test.

¢ Late phase insulin response taken as insulin iAUC from 30 to 120 min
postprandial.

reduction in insulin sensitivity at night (1800—2130h) compared
to the day (0700—0930h) [3,27,28]. This results in less efficient
uptake of glucose by peripheral tissues, hence postprandial
glucose concentration is maintained at a higher level [29]. Post-
prandial hyperglycemia has been suggested as an independent
risk factor of T2DM and cardiovascular disease [30,31]. Collec-
tively, these findings provide a potential mechanism for the
increased risks of cardiovascular disease and T2DM observed in
shift workers [10,12,32,33].

Glycemic response at 8pm and midnight was the same. This was
unexpected, as constant routine studies utilizing hourly or bi-
hourly feeding, have shown that peak plasma glucose and insulin
occurs between 2200h and 0600h [19,20]. The difference in find-
ings may be attributed to the continuous wakefulness (for at least
27 h) experienced by participants in the constant routine studies.
Nonetheless, it appears that the benefits of healthy low GI meals on
glycemic control are masked by the circadian regulation of glucose
metabolism during the dark hours, regardless of the hours of the
night. This has implications for the general population, as 8pm is a
time when many free-living individuals may consume dinner.
Therefore, further investigation regarding the optimal macronu-
trient composition of meals consumed at night is required. Meals
higher in protein and/or fat have been observed to have beneficial
effects on glycemic control, at least in the morning [34] and war-
rants investigation at night time.

Our study benefitted from tightly controlled conditions,
ensuring that morning and night sessions were conducted on
separate days and preceded by the same length of fast; hence the
true effects of meal timing could be examined. Furthermore, par-
ticipants consumed a control meal prior to fasting and were asked
to restrict alcohol intake and physical activity prior to each session.
A limitation of this study was that there was no direct comparison
to a test meal that was energy-matched, but had a macronutrient
composition similar to a standard mixed meal. The glucose
response to this standard mixed meal at night may have been
greater than that of the low GI test meal. Furthermore, our rationale
for investigating the effect of meal timing on glucose metabolism
was to provide recommendations for shift workers, who often eat
at night. However, the nature of our findings suggest that the effect
of meal timing on glucose metabolism is evident from the evening,
hence have a wider implication.

The current study confirms postprandial glucose excursion be-
gins in the evening, despite concurrent increase in plasma insulin
response. This seems to persist, but not worsen, throughout the
night. While a low GI meal was able to produce slow and small
changes in plasma glucose in the morning, this was not achieved in
the evening and night. The observed temporal difference in

postprandial glucose response may be associated with the effects of
the circadian rhythm. Of note, these findings may be relevant to
those trying to minimize daily glucose excursions, both in the shift
working population and in the general population.
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