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Abstract

Background: Previous studies have shown that the time of day (TD) of glucose measurement and the fasting duration (FD)
influence the glucose levels in adults. Few studies have examined the effects of the TD and FD on the glucose level
following a 1-hour, 50-gram glucose challenge test (GCT) in pregnant women in screening for or diagnosing gestational
diabetes mellitus (GDM). The objective of this study was to investigate the influence of the TD (morning, afternoon, night)
and the FD (the time of the last food ingestion as follows: #1 hour, 1–2 hours, and .2 hours) by examining their combined
effects on the glucose levels following a 50-gram GCT in pregnant women.

Methods and Results: We analyzed the data of 1,454 non-diabetic pregnant Taiwanese women in a prospective study.
Multiple linear regression and multiple logistic regression were used to estimate the relationships between the 9 TD-FD
groups and the continuous and binary glucose levels (cut-off at 140 mg/dL) following a 50-gram GCT, after adjusting for
maternal age, nulliparity, pre-pregnancy body mass index, and weight gain. Different TD and FD groups were associated
with variable glucose responses to the 50-gram GCT, some of which were significant. The estimate coefficients (b) of the TD-
FD groups ‘‘night, #1 hr’’ and ‘‘night, 1–2 hr’’ revealed significantly lower glucose concentrations [b (95% confidence
interval [CI]): 26.46 (212.53, 20.38) and 26.85 (212.50, 21.20)] compared with the ‘‘morning, .2 hr’’ group. The TD-FD
groups ‘‘afternoon, #1 hr’’ and ‘‘afternoon, 1–2 hr’’ showed significantly lower odds ratios (OR) of a positive GCT; the
adjusted ORs (95% CI) were 0.54 (0.31–0.95) and 0.58 (0.35–0.96), respectively.

Conclusions: Our findings demonstrate the importance of standardizing the TD and FD for the 1-hour, 50-gram GCT. In
screening for and diagnosing GDM, the TD and FD are modifiable factors that should be considered in clinical practice and
epidemiological studies.
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Introduction

Previous studies have shown that the time of day (TD) of glucose

measurement and the fasting duration (FD) influence the glucose

level in adults [1–4]. Studies in pregnant women have shown the

effects of the TD (or circadian or diurnal variations) on the results

of a gestational 1-hour, 50-gram glucose challenge test (GCT) [5–

8]. Previous studies have demonstrated that the fasting duration

(FD) (or the time since the last caloric intake) might influence the

gestational GCT [6,9]. Few studies have investigated the effects of

the TD and the FD on the glucose levels following gestational

GCT in pregnant women [6].

The two-step approach for the diagnosis of gestational diabetes

mellitus (GDM), which consists of a 1-hour, 50-gram GCT

combined with a 100-gram oral glucose tolerance test (OGTT), is

supported by the American College of Obstetricians and

Gynecologists (ACOG); it has been widely used in nearly all the

hospitals in Taiwan for more than 10 years. In Taiwan, the

general recommendation is that all pregnant women complete the

1-hour, 50-gram GCT, which is covered by the National Health

Insurance (NHI) policy. The 1-hour, 50-gram GCT portion of the

current two-step approach for the diagnosis of GDM does not

specify the parameters for the TD or the FD, and the instructions

regarding whether pregnant women should fast for this test are

inconsistent. Appointment schedules for outpatient services in

Taiwan are very busy and include morning, afternoon, and night

appointments in clinics where pregnant women can undergo the

1-hour, 50-gram GCT.

Recently, based on the Hyperglycemia and Adverse Pregnancy

Outcome (HAPO) study, the International Association of Diabetes
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and Pregnancy Study Groups [10] presented new consensus

guidelines for the diagnosis of GDM using a 1-step, 2-hour, 75-

gram OGTT [10,11]. The HAPO study and the IADPSG

guidelines do not consider the TD or FD. To our knowledge, no

study has investigated the associations between the TD, FD, and

glucose measurements with the 2-hour, 75-gram OGTT. The 1-

hour, 50-gram GCT and the 2-hour, 75-gram OGTT are glucose

tolerance tests, and they should be used carefully in pregnant

women [12]. Understanding the modifiable factors that might

cause variations in glucose tolerance test results is important.

Thus, the objective of this study was to investigate the influence of

the TD and FD on glucose levels following a 1-hour, 50-gram

GCT in pregnant Taiwanese women.

Materials and Methods

Study participants
This hospital-based prospective study was conducted in a 1000-

bed teaching hospital in southern Taiwan. During the study

period, March - October 2011, all patients who underwent a 50-

gram GCT at 24–28 weeks of gestation at the obstetric clinic at the

Ditmanson Medical Foundation Chia-Yi Christian Hospital

(DMF-CYCH) were enrolled. The patients with pre-pregnancy

diabetes, multi-fetal pregnancies, and a history of GDM were

excluded. The DMF-CYCH institutional review board (IRB)

approved this study (CYCH-IRB No. 100030), and all the study

participants provided written informed consent to participate in

the study.

Measurements of the TD, FD and glucose level
The venous plasma glucose levels were measured by the glucose

oxidase method using a Hitachi 7170 automatic analyzer (Hitachi

Co., Tokyo, Japan) in the DMF-CYCH central laboratory,

according to a standard clinical protocol. The TD was defined

as the time of the blood draw minus one hour; the times of all

blood draws were obtained from the same computer in the DMF-

CYCH central laboratory. Nurses from the Department of

Community Health at DMF-CYCH administered a face-to-face

interview questionnaire to the patients to collect basic data

(including maternal age, parity, pre-pregnancy body mass index

[BMI], and weight gain) and FD data.

Statistics
The patients were stratified into 9 groups, designated as the TD-

FD groups, by the TD (morning: 9 AM–12 PM, afternoon: 12–5

PM, and night: 5–10 PM) and FD (the time elapsed from the

patient’s last food ingestion prior to the GCT: #1 hr, 1–2 hr, and

.2 hr). The chi-square test was used to analyze the distribution of

the known risk factors for the glucose levels in each TD-FD group.

The known risk factors included maternal age, nulliparity, pre-

pregnancy BMI, and weight gain. BMI was calculated as weight

[3]/[height (m)]2 and was categorized according to the criteria of

the Bureau of Health Promotion of the Department of Health in

Taiwan. Weight gain was defined as the percentage of gestational

weight gain = [(weight at the time of the 50-gram GCT 2 pre-

pregnancy weight)/pre-pregnancy weight] * 100 and was classified

into four groups based on increments of 10%.

In the univariate analysis, the association between each TD-FD

group and the risk factors for the mean glucose level was analyzed

using analysis of variance or Student’s t test, as appropriate; and

the association between each TD-FD group and the risk factors for

the glucose cut-off level of 140 mg/dL was analyzed using a chi-

square test. In the multivariate analysis, first, a multiple linear

regression model was used to estimate the relationship between

each TD-FD group and the glucose levels response to the GCT

(continuous variables), adjusted for other risk factors. Second, we

used the multiple logistic regression model to further describe the

impact of TD-FD on a positive GCT (glucose level $140 mg/dL

as the event). The significance level was set at 0.05, and all tests

were two-tailed. SAS 9.2 software was used for the data analysis

(SAS Institute, Cary, NC, USA).

Results

Of the 1681 patients at 24–28 weeks of gestation without pre-

pregnancy diabetes, 91% (n = 1530) underwent a 50-gram GCT

and were enrolled in this study. Thirty-three women without

information regarding their FD, 29 women with multi-fetal

pregnancies, and 14 women with a history of GDM were excluded

from the analysis. In total, 1454 women were included in the

analysis (Figure 1).

Table 1 shows the distribution of risk factors across the TD-FD

groups. These risk factors, with the exception of pre-pregnancy

BMI, differed significantly across the TD-FD groups.

Table 2 shows the results of the univariate analysis. The mean

glucose level did not differ among the TD-FD groups. With the

exception of nulliparity, the mean glucose level differed signifi-

cantly among the risk factors. The results were similar using the

continuous and categorical 50-gram GCT glucose levels. There

was a trend of increasing glucose level with increasing maternal

age and pre-pregnancy BMI. The relationship between glucose

level and weight gain showed a J-shape, and the women with a

weight gain of 20%–30% had the lowest glucose concentration;

the mean6SD was 121.0627.8 mg/dL, and 63 subjects (21.7%)

had a level $140 mg/dL.

Table 3 shows the results of the multivariate analysis. First, in

the multiple linear regression model, after adjusting for the risk

factors, the estimate coefficients (b) of the ‘‘night, #1 hr’’ and

Figure 1. Flowchart of methods.
doi:10.1371/journal.pone.0112526.g001

Time of Day and Fasting Duration on Glucose Levels

PLOS ONE | www.plosone.org 2 November 2014 | Volume 9 | Issue 11 | e112526



T
a

b
le

1
.

D
is

tr
ib

u
ti

o
n

o
f

ri
sk

fa
ct

o
rs

ac
ro

ss
th

e
T

D
-F

D
g

ro
u

p
s.

V
a

ri
a

b
le

N
u

m
b

e
r

M
o

rn
in

g
(9

A
M

–
1

2
A

M
)

A
ft

e
rn

o
o

n
(1

2
–

5
P

M
)

N
ig

h
t

(5
–

1
0

P
M

)
P

*

#
1

h
r

1
–

2
h

r
.

2
h

r
#

1
h

r
1

–
2

h
r

.
2

h
r

#
1

h
r

1
–

2
h

r
.

2
h

r

C
as

e
s

N
o

.
1

4
5

4
1

5
1

1
5

8
1

7
9

1
2

4
1

6
2

1
8

0
1

4
0

1
7

9
1

8
1

N
u

lli
p

ar
o

u
s

st
at

u
s

0
.0

1

Y
e

s
7

3
7

8
5

(5
6

.3
)

7
0

(4
4

.3
)

8
3

(4
6

.4
)

6
3

(5
0

.8
)

7
6

(4
6

.9
)

8
3

(4
6

.1
)

9
2

(6
5

.7
)

9
4

(5
2

.5
)

9
1

(5
0

.3
)

N
o

7
1

7
6

6
(4

3
.7

)
8

8
(5

5
.7

)
9

6
(5

3
.6

)
6

1
(4

9
.2

)
8

6
(5

3
.1

)
9

7
(5

3
.9

)
4

8
(3

4
.3

)
8

5
(4

7
.5

)
9

0
(4

9
.7

)

M
at

e
rn

al
ag

e
(y

)

,
2

5
1

5
3

1
4

(9
.3

)
1

3
(8

.2
)

1
5

(8
.4

)
2

1
(1

6
.9

)
1

6
(9

.9
)

2
8

(1
5

.6
)

1
2

(8
.6

)
1

4
(7

.8
)

2
0

(1
1

.1
)

0
.0

4
9

2
5

–
3

0
5

1
0

5
9

(3
9

.1
)

4
8

(3
0

.4
)

5
7

(3
1

.8
)

4
5

(3
6

.3
)

5
3

(3
2

.7
)

5
9

(3
2

.8
)

5
5

(3
9

.3
)

7
0

(3
9

.1
)

6
4

(3
5

.4
)

3
0

–
3

5
5

6
4

5
3

(3
5

.1
)

5
9

(3
7

.3
)

7
5

(4
1

.9
)

4
1

(3
3

.1
)

6
1

(3
7

.7
)

6
8

(3
7

.8
)

5
7

(4
0

.7
)

7
7

(4
3

.0
)

7
3

(4
0

.3
)

$
3

5
2

2
7

2
5

(1
6

.6
)

3
8

(2
4

.1
)

3
2

(1
7

.9
)

1
7

(1
3

.7
)

3
2

(1
9

.8
)

2
5

(1
3

.9
)

1
6

(1
1

.4
)

1
8

(1
0

.1
)

2
4

(1
3

.3
)

P
re

-p
re

g
n

an
cy

B
M

I
(k

g
/m

2
)

,
1

8
.5

2
2

1
2

7
(1

7
.9

)
1

9
(1

2
.0

)
2

5
(1

4
.2

)
2

9
(2

3
.6

)
2

9
(1

8
.0

)
2

9
(1

6
.3

)
1

4
(1

0
.1

)
2

0
(1

1
.2

)
2

9
(1

6
.1

)
0

.6
5

1
8

.5
–

2
4

9
2

5
9

8
(6

4
.9

)
1

0
3

(6
5

.2
)

1
1

1
(6

3
.1

)
7

1
(5

7
.7

)
1

0
0

(6
2

.1
)

1
1

7
(6

5
.7

)
9

3
(6

7
.4

)
1

1
7

(6
5

.4
)

1
1

5
(6

3
.9

)

2
4

–
2

7
1

7
8

1
8

(1
1

.9
)

2
0

(1
2

.7
)

2
1

(1
1

.9
)

1
5

(1
2

.2
)

2
0

(1
2

.4
)

2
1

(1
1

.8
)

1
7

(1
2

.3
)

2
4

(1
3

.4
)

2
2

(1
2

.2
)

$
2

7
1

2
0

8
(5

.3
)

1
6

(1
0

.1
)

1
9

(1
0

.8
)

8
(6

.5
)

1
2

(7
.5

)
1

1
(6

.2
)

1
4

(1
0

.1
)

1
8

(1
0

.1
)

1
4

(7
.8

)

M
is

si
n

g
1

0

W
e

ig
h

t
g

ai
n

(%
){

,
1

0
2

8
9

1
8

(1
1

.9
)

3
8

(2
4

.1
)

4
6

(2
5

.7
)

2
3

(1
8

.6
)

3
9

(2
4

.1
)

4
4

(2
4

.6
)

1
7

(1
2

.1
)

2
9

(1
6

.2
)

3
5

(1
9

.4
)

0
.0

0
1

1
0

–
2

0
8

2
5

9
8

(6
4

.9
)

7
8

(4
9

.4
)

1
0

3
(5

7
.5

)
6

8
(5

4
.8

)
7

7
(4

7
.5

)
1

0
1

(5
6

.4
)

9
2

(6
5

.7
)

1
0

9
(6

0
.9

)
9

9
(5

5
.0

)

2
0

–
3

0
2

9
1

3
2

(2
1

.2
)

3
7

(2
3

.4
)

2
8

(1
5

.6
)

2
3

(1
8

.6
)

3
6

(2
2

.2
)

2
9

(1
6

.2
)

2
8

(2
0

.0
)

3
6

(2
0

.1
)

4
2

(2
3

.3
)

$
3

0
4

7
3

(2
.0

)
5

(3
.2

)
2

(1
.1

)
1

0
(8

.1
)

1
0

(6
.2

)
5

(2
.8

3
(2

.1
)

5
(2

.8
)

4
(2

.2
)

M
is

si
n

g
2

T
D

-F
D

,
ti

m
e

o
f

d
ay

g
lu

co
se

w
as

m
e

as
u

re
d

an
d

fa
st

in
g

d
u

ra
ti

o
n

;
G

C
T

,
g

lu
co

se
ch

al
le

n
g

e
te

st
;

B
M

I,
b

o
d

y
m

as
s

in
d

e
x.

*D
at

a
ar

e
p

re
se

n
te

d
as

n
(%

)
an

d
w

e
re

an
al

yz
e

d
u

si
n

g
th

e
ch

i-
sq

u
ar

e
te

st
.

{ P
e

rc
e

n
ta

g
e

o
f

g
e

st
at

io
n

al
w

e
ig

h
t

g
ai

n
=

[(
w

e
ig

h
t

at
ti

m
e

o
f

G
C

T
2

p
re

-p
re

g
n

an
cy

w
e

ig
h

t)
/p

re
-p

re
g

n
an

cy
w

e
ig

h
t]

*
1

0
0

.
d

o
i:1

0
.1

3
7

1
/j

o
u

rn
al

.p
o

n
e

.0
1

1
2

5
2

6
.t

0
0

1

Time of Day and Fasting Duration on Glucose Levels

PLOS ONE | www.plosone.org 3 November 2014 | Volume 9 | Issue 11 | e112526



T
a

b
le

2
.

T
h

e
as

so
ci

at
io

n
b

e
tw

e
e

n
T

D
-F

D
g

ro
u

p
an

d
ri

sk
fa

ct
o

rs
fo

r
th

e
m

e
an

g
lu

co
se

le
ve

l
an

d
a

cu
t-

o
ff

le
ve

l
o

f
1

4
0

m
g

/d
L.

V
a

ri
a

b
le

N
u

m
b

e
r

G
lu

co
se

le
v

e
l

(m
g

/d
L

)

M
e

a
n

±
S

D
P

*
$

1
4

0
m

g
/d

L
,

n
(%

)
P
{

T
D

-F
D

g
ro

u
p

0
.3

7
0

.3
9

M
o

rn
in

g
#

1
h

r
1

5
1

1
2

4
.7

6
2

8
.3

3
9

(2
5

.8
)

1
–

2
h

r
1

5
8

1
2

4
.7

6
2

6
.8

4
0

(2
5

.3
)

.
2

h
r

1
7

9
1

2
9

.4
6

2
9

.4
5

6
(3

1
.3

)

A
ft

e
rn

o
o

n
#

1
h

r
1

2
4

1
2

3
.5

6
2

3
.9

2
5

(2
0

.2
)

1
–

2
h

r
1

6
2

1
2

4
.6

6
2

6
.0

3
5

(2
1

.6
)

.
2

h
r

1
8

0
1

2
6

.9
6

3
0

.1
5

4
(3

0
.0

)

N
ig

h
t

#
1

h
r

1
4

0
1

2
2

.6
6

3
1

.2
3

5
(2

5
.0

)

1
–

2
h

r
1

7
9

1
2

2
.4

6
2

6
.2

4
4

(2
4

.6
)

.
2

h
r

1
8

1
1

2
3

.8
6

2
7

.8
5

0
(2

7
.6

)

N
u

lli
p

ar
o

u
s

st
at

u
s

0
.1

1
0

.5
8

Y
e

s
7

3
7

1
2

3
.7

6
2

7
.3

1
8

7
(2

5
.4

)

N
o

7
1

7
1

2
6

.0
6

2
8

.5
1

9
1

(2
6

.6
)

M
at

e
rn

al
ag

e
(y

)
,

0
.0

0
1

,
0

.0
0

1

,
2

5
1

5
3

1
1

5
.4

6
2

4
.5

2
3

(1
5

.0
)

2
5

–
3

0
5

1
0

1
2

0
.9

6
2

5
.8

1
1

1
(2

1
.8

)

3
0

–
3

5
5

6
4

1
2

7
.0

6
2

7
.5

1
6

5
(2

9
.3

)

$
3

5
2

2
7

1
3

4
.8

6
3

1
.9

7
9

(3
4

.8
)

P
re

-p
re

g
n

an
cy

B
M

I
(k

g
/m

2
)

,
0

.0
0

1
0

.0
2

,
1

8
.5

2
2

1
1

2
0

.6
6

2
5

.8
4

9
(2

2
.2

)

1
8

.5
–

2
4

9
2

5
1

2
3

.5
6

2
7

.5
2

3
0

(2
4

.9
)

2
4

–
2

7
1

7
8

1
2

9
.6

6
2

8
.2

5
5

(3
0

.9
)

$
2

7
1

2
0

1
3

6
.6

6
3

1
.0

4
2

(3
5

.0
)

M
is

si
n

g
1

0
-

W
e

ig
h

t
g

ai
n

(%
)`

0
.0

0
4

0
.0

2

,
1

0
2

8
9

1
2

8
.9

6
3

1
.4

9
0

(3
1

.1
)

1
0

–
2

0
8

2
5

1
2

4
.5

6
2

6
.5

2
0

8
(2

5
.2

)

2
0

–
3

0
2

9
1

1
2

1
.0

6
2

7
.8

6
3

(2
1

.7
)

$
3

0
4

7
1

3
0

.1
6

2
5

.7
1

7
(3

6
.2

)

M
is

si
n

g
2

-

T
D

-F
D

,
ti

m
e

o
f

d
ay

g
lu

co
se

w
as

m
e

as
u

re
d

an
d

fa
st

in
g

d
u

ra
ti

o
n

;
G

C
T

,
g

lu
co

se
ch

al
le

n
g

e
te

st
;

B
M

I,
b

o
d

y
m

as
s

in
d

e
x.

*D
at

a
w

e
re

an
al

yz
e

d
u

si
n

g
an

al
ys

is
o

f
va

ri
an

ce
o

r
St

u
d

e
n

t’
s

t
te

st
as

ap
p

ro
p

ri
at

e
.

{ D
at

a
w

e
re

an
al

yz
e

d
u

si
n

g
th

e
ch

i-
sq

u
ar

e
te

st
.

`
P

e
rc

e
n

ta
g

e
o

f
g

e
st

at
io

n
al

w
e

ig
h

t
g

ai
n

=
[(

w
e

ig
h

t
at

ti
m

e
o

f
G

C
T

2
p

re
-p

re
g

n
an

cy
w

e
ig

h
t)

/p
re

-p
re

g
n

an
cy

w
e

ig
h

t]
*

1
0

0
.

d
o

i:1
0

.1
3

7
1

/j
o

u
rn

al
.p

o
n

e
.0

1
1

2
5

2
6

.t
0

0
2

Time of Day and Fasting Duration on Glucose Levels

PLOS ONE | www.plosone.org 4 November 2014 | Volume 9 | Issue 11 | e112526



T
a

b
le

3
.

M
u

lt
iv

ar
ia

te
an

al
ys

is
o

f
th

e
T

D
-F

D
g

ro
u

p
s

an
d

th
e

G
C

T
ad

ju
st

e
d

fo
r

ri
sk

fa
ct

o
rs

(n
=

1
4

4
4

).

V
a

ri
a

b
le

M
u

lt
ip

le
li

n
e

a
r

re
g

re
ss

io
n

M
u

lt
ip

le
lo

g
is

ti
c

re
g

re
ss

io
n

b
9

5
%

C
o

n
fi

d
e

n
ce

in
te

rv
a

l
P

O
d

d
s

ra
ti

o
9

5
%

C
o

n
fi

d
e

n
ce

in
te

rv
a

l
P

In
te

rc
e

p
t

6
7

.0
6

(5
3

.0
4

–
8

1
.0

9
)

,
0

.0
0

1

T
D

-F
D

g
ro

u
p

M
o

rn
in

g
#

1
h

r
2

4
.1

1
(2

1
0

.0
2

,
1

.8
1

)
0

.1
7

0
.7

8
(0

.4
8

,
1

.2
8

)
0

.3
3

1
–

2
h

r
2

5
.9

5
(2

1
1

.7
9

,
2

0
.1

1
)

0
.0

4
6

0
.6

8
(0

.4
2

,
1

.1
1

)
0

.1
2

.
2

h
r

0
1

A
ft

e
rn

o
o

n
#

1
h

r
2

4
.7

4
(2

1
1

.0
2

,
1

.5
4

)
0

.1
4

0
.5

4
(0

.3
1

,
0

.9
5

)
0

.0
3

1
–

2
h

r
2

4
.5

8
(2

1
0

.3
9

,
1

.2
4

)
0

.1
2

0
.5

8
(0

.3
5

,
0

.9
6

)
0

.0
3

.
2

h
r

2
1

.6
1

(2
7

.2
6

,
4

.0
4

)
0

.5
8

0
.9

9
(0

.6
2

,
1

.5
6

)
0

.9
5

N
ig

h
t

#
1

h
r

2
6

.4
6

(2
1

2
.5

3
,

2
0

.3
8

)
0

.0
4

0
.7

3
(0

.4
4

,
1

.2
2

)
0

.2
3

1
–

2
h

r
2

6
.8

5
(2

1
2

.5
0

,
2

1
.2

0
)

0
.0

2
0

.7
2

(0
.4

5
,

1
.1

5
)

0
.1

7

.
2

h
r

2
4

.6
5

(2
1

0
.2

9
,

0
.9

9
)

0
.1

1
0

.8
8

(0
.5

5
,

1
.3

9
)

0
.5

7

N
u

lli
p

ar
o

u
s

st
at

u
s

Y
e

s
1

.2
9

(2
1

.6
3

,
4

.2
1

)
0

.3
8

1
.1

5
(0

.9
0

,
1

.4
8

)
0

.2
7

N
o

0
1

M
at

e
rn

al
ag

e
(y

)
1

.2
8

(0
.9

6
,

1
.6

1
)

,
0

.0
0

1
1

.0
8

(1
.0

5
,

1
.1

1
)

,
0

.0
0

1

P
re

-p
re

g
n

an
cy

B
M

I
1

.0
0

(0
.5

5
,

1
.4

5
)

,
0

.0
0

1
1

.0
4

(1
.0

0
,

1
.0

8
)

0
.0

4

W
e

ig
h

t
g

ai
n

(%
)*

,
1

0
1

.4
2

(2
3

.5
0

,
6

.3
4

)
0

.5
7

1
.2

5
(0

.8
2

,
1

.9
1

)
0

.3
0

1
0

–
2

0
0

.9
6

(2
2

.7
4

,
4

.6
6

)
0

.6
1

1
.0

6
(0

.7
6

,
1

.4
8

)
0

.7
3

2
0

–
3

0
0

1

$
3

0
1

0
.3

9
(1

.9
9

,
1

8
.7

9
)

0
.0

2
2

.3
8

(1
.2

2
,

4
.6

7
)

0
.0

1

T
D

-F
D

,
ti

m
e

o
f

d
ay

g
lu

co
se

w
as

m
e

as
u

re
d

an
d

fa
st

in
g

d
u

ra
ti

o
n

;
G

C
T

,
g

lu
co

se
ch

al
le

n
g

e
te

st
;
b

,
re

g
re

ss
io

n
co

e
ff

ic
ie

n
t;

B
M

I,
b

o
d

y
m

as
s

in
d

e
x.

*P
e

rc
e

n
ta

g
e

o
f

g
e

st
at

io
n

al
w

e
ig

h
t

g
ai

n
=

[(
w

e
ig

h
t

at
ti

m
e

o
f

G
C

T
2

p
re

-p
re

g
n

an
cy

w
e

ig
h

t)
/p

re
-p

re
g

n
an

cy
w

e
ig

h
t]

*
1

0
0

.
d

o
i:1

0
.1

3
7

1
/j

o
u

rn
al

.p
o

n
e

.0
1

1
2

5
2

6
.t

0
0

3

Time of Day and Fasting Duration on Glucose Levels

PLOS ONE | www.plosone.org 5 November 2014 | Volume 9 | Issue 11 | e112526



‘‘night, 1–2 hr’’ TD-FD groups revealed significantly lower

glucose concentrations [b (95% confidence interval [CI]): 26.46

(212.53, 20.38) and 26.85 (212.50, 21.20)] compared with the

‘‘morning, .2 hr’’ group. Second, for further describing the

impact of TD-FD on a positive GCT for potential clinical practice,

a multiple logistic regression model was used. The TD-FD groups

‘‘afternoon, #1 hr’’ and ‘‘afternoon, 1–2 hr’’ showed significantly

lower odds ratios (OR) of a positive GCT compared with the

‘‘morning, .2 hr’’ group; the adjusted ORs (95% CI) were 0.54

(0.31–0.95) and 0.58 (0.35–0.96), respectively.

Discussion

Our findings suggest that the TD and FD influence the glucose

level following a 1-hour, 50-gram GCT in pregnant women. The

patients who were examined in the afternoon and at night without

a sufficient fasting interval have had significantly lower glucose

measurements in the multivariate analysis. Because the TD and

FD are modifiable factors in screening for and diagnosing GDM,

they should be considered in clinical practice and epidemiological

studies [5,7,8,13–15].

We used linear and logistic regression models to determine

whether TD and FD were predictors of the glucose concentrations

of 50-g GCT and the magnitude of this relation in the current

study. The two models both showed the glucose concentrations of

50-g GCT, which performing in the afternoon and night, were

lower than that performing in the morning. Although afternoon

groups in linear model and the night groups in logistic regression

model did not reach the statistical significance, the trends were

consistent. We speculated the differences between the two models

were caused by the type of outcomes (continuous and binary

variables) and the type of results they produced [16].

Additionally, the findings might have implications for the

IADPSG guidelines for GDM for both the 2-step approach and

the 1-step, 2-hour, 75-gram OGTT. The universal standard for

the glucose cut-off value of the 1-hour, 50-gram GCT should be

further validated [17,18]. Although the effects of the TD and FD

on the glucose level were mild, these slight changes could affect the

diagnosis of GDM at the threshold glucose levels [19]. Our

findings indicate that the TD and FD should be considered when

screening for and diagnosing GDM in clinical practice. Thus,

standardizing the TD and FD for the 1-hour, 50-gram GCT, as

well as other glucose tolerance tests, is an important goal.

Maternal glucose metabolism during pregnancy differs from

that in non-pregnancy. Previous studies have examined the diurnal

glycemic profile and the influence of food intake during

pregnancy, using continuous glucose monitoring systems (CGMS)

that measure the interstitial glucose levels in subcutaneous tissues

every 5 minutes for 72 consecutive hours [20]. The roles of

systemic inflammation and insulin resistance in glucose regulation

during pregnancy have been investigated [21]. The novel

metabolomics approach has recently been used to further explore

maternal metabolism during pregnancy [22]. Metabolomics data

from 67 mothers of Northern European ancestry from the HAPO

study revealed perturbations in the metabolism of major macro-

nutrients and amino acid degradation pathways in mothers with

high- versus low-fasting glucose [23]. Further mechanistic studies

on the effects of the TD and FD on maternal metabolism during

pregnancy are needed.

In addition, we showed that age, pre-pregnancy BMI, and

weight gain affect the relationships among the TD, FD and

glucose measures. The findings regarding age, maternal obesity,

and parity are consistent with previous findings [2,5]. Our findings

support prior evidence that weight gain during pregnancy is an

important factor [24–27]. Our findings support the recommen-

dation that the TD and FD be standardized in epidemiological

studies.

The strength of our study is its detailed assessment, using a

relatively large population, of the TD and FD, which are

modifiable factors that are important in screening for and

diagnosing GDM. The limitations of our study are that other

factors might influence the glucose level and that detailed diet

records and physical activity data were lacking [28]. Further

research is needed to examine the generalizability of our findings

to other ethnic groups.

Conclusions

Our results demonstrate the importance of standardizing the

TD and FD for the 1-hour, 50-gram GCT; these factors have

previously been ignored in clinical practice and epidemiological

investigations. To avoid bias and misclassification when using a

glucose tolerance test to screen for and diagnose GDM, the TD

and FD should be considered [22].

Acknowledgments

The authors thank the staff members of the Department of Community

Health for their assistance with interviews of the pregnant women and

collection of the questionnaire.

Author Contributions

Conceived and designed the experiments: PW MCL CWY YHY.

Performed the experiments: CWY MCL. Analyzed the data: MCL.

Contributed reagents/materials/analysis tools: YHY. Wrote the paper:

MCL YHY. Discussed the results and commented on the manuscript: PW

MCL CWY YHY.

References
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