
Introduction
Gestational diabetes mellitus (GDM) is defined as a state of 

glucose intolerance developed during pregnancy [1]. The prev-
alence of GDM is approximately 2% to 3% of Koreans, which 
is similar to that of other countries [2]. However, according to 
updated diagnostic criteria, the prevalence of GDM reaches 4% 
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of Koreans [3]. GDM is a common complication during preg-
nancy, and is associated with maternal, prenatal morbidities, 
and higher incidence of diabetes afterward [4]. GDM can cause 
preeclampsia, hypertension, and caesarean section on mother 
and macrosomia, birth trauma, hypoglycemia, jaundice, hypo-
calcaemia, and hyperbillirubinemia on fetus [4]. Furthermore, 
GDM may increase the risk for future glucose intolerance and 
recurrence in the next pregnancy [5]. GDM uncovers a pre-
existing metabolic abnormality and return to normal glucose 
level after delivery, but may precede the development of overt 
diabetes mellitus later in life [6]. 

Major risk factors for GDM are older age in pregnancy, race 
or ethnicity, a family history of diabetes, physical activity, ex-
cess adiposity, and diet [7,8]. Appropriate nutritional manage-
ment during GDM to maintain blood glucose within normal 
ranges throughout pregnancy can improve maternal, fetal, 
and neonatal adverse outcomes [9]. Nutrients associated with 
GDM risk include refined carbohydrates, animal fat, and heme 
iron [8,10]. Balanced three meals and snack consumptions are 
recommended to maintain normal body weight and to prevent 
ketone body production during pregnancy. Most of the diabe-
tes mellitus patients consumed more snack than normal [11]. 
Therefore, inappropriate snack consumption may increase the 
risk of GDM. In addition, fruits provide vitamin C that increases 
iron absorption and prevent iron deficient anemia which hap-
pens frequently during pregnancy [12]. 

Night-eating is defined as eating at late time, a light meal 
as a meal substitution or food intake [13]. Frequent night-
eating can cause a high calorie intake and because of this, 
side effects can be increased, including nutritional imbalance 
and excess intake of the sodium, obesity, and gastrointestinal 
disorder [14]. Stunkard [15] has reported that there was more 
food consumption in the subjects who had night-eating snack 
than the subjects who did not. Furthermore, night-eating sub-
jects gained 5.2 kg of body weight compared to 0.9 kg body 
weight gain in non-night-eating subjects 6 years later [16]. 
Most night-eating snacks contain high concentration of fat 
and carbohydrate, which can increase calorie and fat intakes. 
It has been reported that intake of high carbohydrate may in-
crease the risk of GDM [17]. And pre-pregnancy and pregnancy 
adherence to healthful dietary habit may be associated with 
lower risk of GDM [17,18]. There are very few studies observing 
dietary behaviors, including snack consumptions and particu-
larly night-eating snacks in GDM. Since GDM increases the 
progression of type 2 diabetes mellitus and cardiovascular dis-

ease after delivery, it is important to control dietary behavior, 
including snack consumption for the prevention and treatment 
of GDM.

This study was performed to identify characteristics of  
dietary behavior, including snack intake and nutrient intakes 
in GDM and normal glucose tolerance (NGT) subjects and to 
evaluate their association with the blood glucose in pregnant 
women, which contribute to the prevention of GDM and its 
complications.

Materials and Methods
Subjects

The study subjects were pregnant women who visited an 
endocrine clinic of a general hospital in Seoul, Korea from Jan-
uary, 2009 to December, 2010. The pregnant women who did 
not agree to the terms of the study and those who were diag-
nosed of diabetes mellitus or GDM previously, and those who 
were pregnant twins were excluded. A total of 287 pregnant 
women who diagnosed of GDM were surveyed. To diagnose 
GDM, the modified Carpenter & Coustan test consisted of the 
two step procedures, including screening test and diagnostic 
test were performed as described previously [19]. Briefly, the 
standard 50 g oral glucose tolerance test (OGTT) was per-
formed after an overnight fast at 24-28th weeks of gestation 
in all pregnant women. The pregnant women with value of 
140 mg/dL of plasma glucose or more of plasma glucose after 
1 hr 50 g OGTT was subjected to additional diagnostic test 
consisted of 100 g OGTT. The GDM was diagnosed based on 
at least two abnormal plasma glucose values among fasting 
value of 95 mg/dL, 1 hr value of 180 mg/dL, 2 hr value of 155 
mg/dL, or 3 hr value of ≥ 140 mg/dL on a 100 g OGTT. After 
the two step procedures, 263 participants were classified into 
two groups: (1) NGT group (n = 219) and (2) GDM group (n = 
44) after excluding subjects who withdrew from the study (n 
= 22) and who transferred to other hospital (n = 2). This study 
was approved by the Institutional Review Board (IRB No. CGH-
IRB-2006-22), and all participants provided written consent. 

General and clinical characteristics
The general characteristics, including age, pre-pregnancy 

body weight, education, income, parity, and abortion experi-
ence were surveyed using a questionnaire. The height (cm) 
and body weight gain (kg) during pregnancy were obtained 
on the diagnostic test day by direct measurement. Body mass 
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index (BMI) was calculated as weight (kg) divided by height (m) 
squared (kg/m2). The body weight at delivery (kg), delivery time 
(week), baby weight (g), and the sex of baby were collected 
from the delivery record. Blood was collected from subjects by 
clinical nurses. Fasting plasma glucose, 50 g and 100 g OGTT, 
systolic blood pressure (SBP), and diastolic blood pressure (DBP) 
were measured.

Dietary assessment 
Dietary behavior was investigated using a questionnaire. 

Dietary behaviors before and after pregnancy, including 
frequency of coffee drinking, snack, and night-eating habit. 
Furthermore, taste preference, including sweet, salty, spicy, 
sour, and greasy were surveyed by certified clinical dietitian. To 
assess nutrient intake, 3-day food record (2 week days and 1 
weekend day) was obtained. The CAN Pro 3.0 (Computer Aided 
Nutritional Analysis Program, version 3.0, Korean Nutrition So-
ciety, Seoul, Korea) was used to analyze nutrient intake of the 
subjects. 

Statistical analysis
The SPSS program (for windows version 12.0) was used to 

analyze data. Data were described as frequency, percentage, 
or mean ± standard deviation. The difference between two 
groups (NGT, GDM) was compared and student t-test was used 
to analyze the statistical significance. In order to compare the 
dietary behaviors of subjects, Chi-square test was used for 
the differences in frequency. Pearson’s correlation coefficient 
analysis was used to determine the correlation between fast-
ing plasma glucose and major nutrients intakes. Statistical 
significances were verified at the level of p < 0.05.

Results
General and clinical characteristics of the subjects

The general characteristics of the subjects are shown in 
Table 1. Among 263 pregnant women participated in this 
study, the number of NGT subjects was 219 and that of GDM 
subjects was 44. The mean age of GDM group (35.2 ± 3.5 
years) was significantly higher than that of NGT group (33.8 ± 
3.7 years). However, other variables, including education, occu-
pation, income, parity, and abortion experience, did not show 
any differences between two groups. 

The clinical characteristics of the subjects are described in 
Table 2. Pre-pregnant BMI as well as pregnant BMI was not 

significantly different between two groups. Mean values of 
SBP and DBP in GDM group were significantly higher than 
those in NGT group (SBP: 115.2 ± 13.4 mmHg vs. 106.6 ± 
11.8 mmHg, p < 0.05; DBP: 66.0 ± 15.8 mmHg vs. 61.1 ± 7.9 
mmHg, p < 0.001). The mean values of both 50 g OGTT and 
100 g OGTT were significantly higher in GDM subjects than 
those in NGT subjects. Particularly, 100 g OGTT after 1 hr (p < 
0.008), 2 hr (p < 0.001), and 3 hr (p < 0.001) was significantly 
higher in GDM group than that of NGT group. Furthermore, 
delivery weight of GDM subjects was significantly higher than 
that of NGT subjects (67.3 ± 8.2 kg vs. 66.0 ± 15.8 kg, p < 
0.05), whereas other factors, including delivery time (week), 
baby weight, and sex of baby were not significantly different 
between two groups.

Coffee, snack, and night-eating intake 
The results for the frequency and types of coffee, snack 

consumption and night-eating habits in NGT subjects and 
GDM subjects during pre-pregnancy and pregnancy are pre-
sented in Table 3. The frequencies and types of coffee were 
not significantly different between two groups during pre-
pregnancy, however, both frequencies and types of coffee 
were different during pregnancy. Although most of the sub-
jects responded ‘rarely’ for frequency of the coffee consump-
tion in both groups during pregnancy, more of GDM subjects 
answered ‘rarely’ compared to NGT subjects during pregnancy 
(p < 0.039, 70.5% vs. 49.8%). In particular, while 61.6% of 
pregnant women in NGT group drank black coffee, most of 
the pregnant women in GDM (61.4%) drank coffee mix that 
contained sugar and cream (p < 0.001). 

Frequency of snack intake during pre-pregnancy period 
was not significantly different during pregnancy period. The 
types of snack were not significantly different between two 
groups before pregnancy, however, two groups showed a dif-
ference during pregnancy (p < 0.008). Dairy products were 
the most frequently consumed snack item (40.7%) in NGT 
subjects whereas fruits were the most frequently consumed 
snack item in GDM subjects (34.4%). Frequency and menu of 
night-eating were not significantly different between the two 
groups before pregnancy, however, they were significantly dif-
ferent during pregnancy (p < 0.015, p < 0.025). Most of NGT 
subjects (49.8%) answered that they rarely consumed night-
eating snack, whereas most of GDM subjects (61.4%) took 
night-eating snack more than once a week during pregnancy. 
Furthermore, ‘noodle’ was the most frequently consumed 
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night-eating snacks item in both groups (p < 0.025) during 
pregnancy.

Changes in taste preferences during pregnancy 
The changes in the taste preferences during pregnancy are 

shown in Table 4. Among five tastes, preferences for sweet, 
spicy, and sour foods were not significantly different. How-
ever, the proportion of NGT subjects who showed less prefer-
ence for salty taste was higher than that of GDM subjects 
(33.3% vs. 11.4%). For greasy taste, only 5.5% of the subjects 
answered “like” in NGT group, whereas 20.5% of the subjects 
answered “like” in GDM group.

Daily nutrient intake and nutrient density of the subjects
Daily nutrient intake of the subjects is shown in Table 5. 

The average daily energy intake was 1973.9 ± 421.8 kcal for 
NGT group and 2127.3 ± 560.6 kcal for GDM group with a 
significant difference. Furthermore, the significant differences 
between two groups were observed in intakes of fat, carbo-
hydrate, sodium, vitamin B2, vitamin C, vitamin E, cholesterol, 
saturated fatty acid (SFA), monounsaturated fatty acid (MUFA), 
and polyunsaturated fatty acid (PUFA). These nutrients intakes 
were higher in GDM subjects than those in NGT subjects. 

Nutrient density was defined as nutrient intakes per 1000 
kcal and nutrient densities were presented in Table 6. Although 
the mean daily intake of calcium was not significantly different 
between two groups, NGT group consumed 374 mg calcium 

Table 1. General characteristics of the subjects

Characteristics NGT (n = 219) GDM (n = 44) p

Age, yr  33.8 ± 3.7*  35.2 ± 3.5 0.005†,‡

Pre-pregnant sleep time, hr  7.2 ± 1.1  7.0 ± 1.2 0.083

Pregnant sleep time, hr  8.0 ± 1.3  7.9 ± 1.4 0.552

Education, n (%) 0.353ll

Middle school or below  0 (0.0)§  0 (0.0)

High school  24 (11.0)  7 (15.9)

College or above  195 (89.0)  37 (84.1)

Income (1,000,000 won/mon) 0.894

<2  8 (3.7)  2 (4.5)  

2-3  60 (27.4)  13 (29.5)

3-4  68 (31.1)  15 (34.1)

>4  83 (37.9)  14 (31.8)

Living with 0.746

Alone  2 (0.9)  0 (0.0)  

Husband  193 (88.1)  37 (84.1)

Her parents-in-law  22 (10.0)  5 (11.4)

Parents  2 (0.9)  0 (0.0)

Parity 0.069

0  181 (82.6)  30 (68.2)

1  33 (15.1)  13 (29.5)

2  5 (2.3)  1 (2.3)

Abortion (time) 0.607

0  157 (71.7)  31 (70.5)

1  62 (28.3)  10 (22.7)

≥2  0 (0.0)  3 (6.8)

NGT: normal glucose tolerance subjects, GDM: gestational diabetes mellitus subjects.
*Mean ± SD; †Analysis by Student t-test; ‡p < 0.01; §N (%); llAnalysis by Chi-square.
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per 1,000 kcal, which was significantly higher than that of the 
GDM group (338.0 ± 101.6 mg). Mean daily sodium intake was 
significantly higher in GDM group (5081.5 ± 1632.7 mg) than 
that in NGT group (4132.8 ± 1232.6 mg), however, sodium 
intake per 1,000 kcal was significantly higher in NGT group 
(2638 ± 786.8 mg) than that of GDM group (2434 ± 720.9 
mg). The mean intakes of fat, vitamin E, cholesterol, and MUFA 
were higher in GDM group than those of NGT group, however, 
intakes of these nutrients per 1,000 were not significantly 
different between two groups. The mean intake of vitamin B2 
was significantly higher in GDM (1.6 ± 0.6 mg) than it was in 
NGT (1.4 ± 0.5 mg), but nutrient density of vitamin B2 was sig-
nificantly higher in NGT subjects (1.0 ± 0.4 mg) than it was in 
GDM subjects (0.9 ± 0.3 mg). The nutrient densities of vitamin 
C and SFA were consistently higher in GDM group than those 
were in NGT group.     

Correlations between fasting plasma glucose and nutrient 
intakes 

The correlations between biochemical blood glucose mark-
ers, including fasting plasma glucose and nutrient intakes are 
shown in Table 7. Fasting plasma glucose was positively and 
significantly correlated with energy intake, and fat intake (p < 

0.05). However, it was not significantly correlated with carbo-
hydrate and protein.

Discussion
In the present study, the snack consumption, night-eating, 

and nutrient intakes of 219 NGT subjects and 44 GDM patients 
who visited an endocrine clinic at a general hospital in Seoul 
were analyzed to investigate the association between the 
development of GDM and the mothers’ dietary behavior and 
nutrient intakes.

The mean age of GDM group was statistically higher than 
that of NGT, the result of which was consistent with the previ-
ous study that reported age was an important risk factor of 
GDM [20]. It has been previously reported that fetal chromo-
somal abnormality, frequency of cesarean section, and the risk 
of premature amnion rupture among various prenatal compli-
cations are increased by aging [21].   

OGTT of GDM patients was statistically higher than that of 
NGT subjects as reported in previous studies [22-24]. The di-
agnosis of GDM is typically based on the results of OGTT and 
there was a significant association between adverse maternal 
and prenatal outcomes and increasing fasting and 1 h and 2 

Table 2. Biochemical analysis of the subjects

Characteristics NGT (n = 219) GDM (n = 44) p

Pre-pregnant BMI, kg/m2  21.2 ± 3.0*  21.6 ± 2.9 0.964

Pregnant BMI, kg/m2  23.9 ± 3.9  24.4 ± 2.9 0.486

SBP, mmHg  106.6 ± 11.8  115.2 ± 13.4 0.025†,‡

DBP, mmHg  61.1 ± 7.9  66.0 ± 15.8 <0.001ll

50 g OGTT, mg/dL  149.4 ± 9.4  165.9 ± 21.3 <0.001ll

100 g OGTT, mg/dL

0 hr  86.2 ± 11.3  98.7 ± 22.1 0.003§

1 hr  151.2 ± 18.8  205.1 ± 18.8 0.008§

2 hr  132.9 ± 17.1  212.2 ± 16.8 <0.001ll

3 hr  118.2 ± 21.4  160.4 ± 19.6 <0.001ll

Delivery weight, kg  66.0 ± 15.8  67.3 ± 8.2 0.014‡

Delivery time, wk  39.1 ± 1.8  39.1 ± 1.7 0.866

Baby weight, g  3218.7 ± 461.7  3252.4 ± 442.0 0.250

Baby sex, n (%) 0.887¶

Boy  97 (44.3)  20 (45.5)

Girl  122 (55.7)  24 (54.5)

NGT: normal glucose tolerance subjects, GDM: gestational diabetes mellitus subjects, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood 
pressure, OGTT: oral glucose tolerance test.
*Mean ± SD; †Analysis by Student t-test; ‡p < 0.05; §p < 0.01; llp < 0.001; ¶Analysis by Chi-square.



Snack Consumption and Nutrient Intake in Gestational Diabetes Mellitus 

http://dx.doi.org/10.7762/cnr.2013.2.1.42 47http://e-cnr.org

h OGTT glucose values [25]. It has been reported that there 
was significant association between increasing maternal blood 
glucose and 1 h and 2 h OGTT glucose values with adverse 
pregnancy outcomes, including preterm delivery, gestational 
hypertension, and large-for-gestational-age infant [25,26]. 
These results of previous studies were consistent in our pres-

ent study. It was previously reported that self management 
program such as improvement of eating pattern encouraged 
by clinical dietitians had positive effects on controlling glucose 
in diabetes mellitus patients [27]. GDM’s delivery weight was 
significantly higher than that of NGT, which was consistent 
with several previous studies which reported that weight gain 

Table 3. Comparison of frequency and types of coffee, snack and night-eating    

Eating habits

Pre-pregnancy Pregnancy

NGT (n = 219) GDM (n = 44) p* NGT (n = 219) GDM
(n = 44) p

Coffee 0.352 0.039‡

≥1 times/day  146 (66.7)†  25 (56.8)  51 (23.3)  8 (18.2) 

≥1 days/week   15 (6.8)  2 (4.5)   25 (11.4)  4 (9.1) 

≥1 days/month  22 (10.0)  5 (11.4)   34 (15.5)  1 (2.3) 

Rarely  36 (16.4)  12 (27.3)   109 (49.8)  31 (70.5) 

Coffee menu 0.295 <0.001ll    

Coffee mix  119 (54.3)  26 (59.1)  68 (31.1)  27 (61.4) 

Black  66 (30.1)  8 (18.2)  135 (61.6)  8 (18.2) 

Coffee with sugar  30 (13.7)  8 (18.2)   13 (5.9)  8 (18.2) 

Coffee with cream  4 (1.8)  2 (4.5)  3 (1.4)  1 (2.2) 

Snack between meals 0.401 0.797

≥1 times/day  105 (47.9)  26 (59.1)          159 (72.6)  33 (75.0)

≥1 times/week  96 (43.8)  15 (34.1)  48 (21.9)  11 (25.0)

Rarely  18 (8.2)  3 (6.8)   12 (5.5)  0 (0.0)

Snack menu¶ 0.511 0.008§

Cookie, biscuit  93 (20.8)  12 (12.6)   68 (13.8)  7 (5.6) 

Bread  102 (22.8)  28 (29.5)   99 (20.0)   23 (18.4) 

Rice cake  79 (17.6)  19 (20.0)   55 (11.1)  16 (12.8) 

Fruits  34 (7.6)  9 (9.5)   71 (14.4)  43 (34.4) 

Dairy products  140 (31.3)  27 (28.4)   201 (40.7)  36 (28.8) 

Total  448 (100.0)  95 (100.0)  494 (100.0)  125 (100.0)

Night-eating 0.231 0.015‡

≥1 times/day  14 (6.4)  5 (11.4)            25 (11.4)  5 (11.4)

≥1 times/week  114 (52.1)  26 (59.1)  85 (38.8)   27 (61.4)

Rarely  91 (41.6)  13 (29.5)  109 (49.8)  12 (27.3)

Night-eating menu 0.348  0.025‡

Noodles  59 (39.6)  19 (36.5)          44 (45.4)  15 (37.5) 

Fast food, Delivery food  78 (52.3)  25 (48.1)  37 (38.1)  11 (27.5) 

Korean food  4 (2.7)  2 (3.8)  3 (3.1)  2 (5.0) 

Others  8 (5.4)  6 (11.5)  13 (13.4)  12 (30.0) 

Total  149 (100.0)  52 (100.0)  97 (100.0)  40 (100.0)

NGT: normal glucose tolerance subjects, GDM: gestational diabetes mellitus subjects. 
*Analysis by Chi-square; †N (%); ‡p < 0.05; §p < 0.01; llp < 0.001; ¶Multiple responses.
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during pregnancy is associated with various prenatal compli-
cations and fetal growth retardation [28,29]. 

Frequency and types of coffee were significantly differ-
ent between the two groups during pregnancy. Most of NGT 
subjects more consumed black coffee whereas the majority of 
GDM subjects drank instant coffee mix containing both sugar 
and cream. Since the coffee mix contains food additives and 
cream that is mainly composed of fat, drinking instant coffee 
mix may have adverse effects on the GDM mothers’ health. 
Although 88.2% of Korean pregnant women replied that they 
continued to drink coffee in spite of their pregnancy in a 
previous survey, several studies reported that caffeine intake 
(above 300 mg per day) can increase the risk of newborn mor-
tality [30]. It can be suggested that the Korean mothers nowa-
days are well aware of the negative aspects of coffee intake 
as shown by the reduced frequencies of coffee intake of both 
NGT and GDM mothers in the present study. 

There was a difference between the NGT subjects and GDM 

subjects during their pregnancy regarding the type of snack 
menu. Dairy products were the most frequently consumed 
snack among NGT subjects, whereas the GDM group reported 
to have eaten fruits. Such difference may have affected nutri-
ent density of calcium between NGT and GDM in this study. 
Nutrient density of calcium in NGT subjects was statistically 
higher than that of GDM in spite of no significant differences 
in terms of daily calcium intake. Several recent studies have 
reported that calcium intake is related to glucose level. Choi et 
al. [31] reported that high calcium intake was correlated with 
lower HbA1c levels, and Villegas et al. [32] showed that calcium 
intake had negative correlation with type 2 diabetes mellitus. 
It can be suggested that higher calcium intake of NGT com-
pared to GDM in this study may not affect insulin secretion it-
self but it may have attenuated insulin resistance, thus having 
positively affected the NGT subjects’ health status by lowering 
the risk of GDM. In contrast to NGT, the majority of GDM in 
the present study replied that they ate fruits for snack. Both 
daily intakes and nutrient density of vitamin C in NGT subjects 
were significantly higher than those in GDM. However, there is 
limitation to investigate the correlation between the amount 
of fruit intake was surveyed and GDM occurrence since the 
frequency of fruit intake was surveyed but the total amount 
was not. Furthermore, the sugar content may vary because of 
it highly depends on the kinds of fruit which the subjects had 
taken. Therefore, further investigations are needed taking into 
account kinds and amount of fruit consumed. 

Frequency and type of night-eating menu were also sig-
nificantly different between the NGT and GDM subjects. 
There were no significant differences of frequency and type 
of night-eating menu between the two groups during pre-
pregnancy. For frequency of night-eating consumption, most 
of NGT subjects answered “rarely” whereas most of GDM sub-
jects consumed night-eating snacks more than once a week 
during pregnancy. Due to excessive night-eating snack, high-
calorie consumption can be a causative factor for the obesity 
and gastrointestinal disorder [14]. In case of NGT group, the 
lower frequency of night-eating snack from ‘more than once a 
week’ to ‘rarely’ may decrease the risk of GDM.

Despite of its inherent limitations of reflecting only subjec-
tive opinions, taste preference investigations showed that the 
proportion of GDM subjects who answered “same” and “like” 
was much higher than that of NGT subjects and mean daily 
sodium intake was significantly higher in GDM group than in 
NGT group, which was consistent with the previous study [33]. 

Table 4. Taste preference changes of the subjects

Taste preference NGT (n = 219) GDM (n = 44) p*

Sweet 0.860

Dislike  47 (21.5)†  11 (25.0) 

Same  160 (73.1)  31 (70.5) 

Like  12 (5.5)  2 (4.5) 

Salty 0.014‡

Dislike  73 (33.3)  5 (11.4) 

Same  133 (60.7)  36 (81.8) 

Like  13 (5.9)  3 (6.8) 

Spicy (Hot) 0.477

Dislike  44 (20.1)  6 (13.6)  

Same  160 (73.1)  36 (81.8) 

Like  15 (6.8)  2 (4.5) 

Sour 0.858

Dislike  19 (8.7)  4 (9.1)  

Same  152 (69.4)  32 (72.7)

Like  48 (21.9)  8 (18.2)

Greasy 0.003§

Dislike  37 (16.9)  5 (11.4)

Same  170 (77.6)  30 (68.2)

Like  12 (5.5)  9 (20.5)

NGT: normal glucose tolerance subjects, GDM: gestational diabetes mellitus 
subjects. 
*Analysis by Chi-square; †N (%); ‡p < 0.05; §p < 0.01. 
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It has been reported that salty foods are consumed signifi-
cantly more in the third trimester and this may be associated 
with a higher threshold for saltiness. Pregnant women in the 
third trimester rated less salty than other stages of pregnancy. 
This salty taste alteration may change salt consumption and 
cause fluid retention and hypertension [34]. In fact, the values 
of SBP and DBP in GDM group were significantly higher than 
those in NGT group. It has been reported that there is asso-
ciation between GDM and gestational hypertension [35]. The 
rates of both gestational hypertension is increased in women 
with GDM [36,37] and the rate of preeclampsia, a category of 
gestational hypertension, is affected by the severity of GDM 
[38]. Hypertension in GDM was associated with physiologic 
abnormal characteristics, including insulin resistance and over 
expression of innate immune response, which is related with 
inflammation and oxidative stress, and vascular abnormality 
[35]. 

Furthermore, more GDM subjects replied that they prefer 
‘greasy’ taste compared to NGT subjects during pregnancy. 
This taste preference difference may affect the mean daily 
intakes of fat, cholesterol, and SFA in GDM which were signifi-
cantly higher than those in NGT group. It has been reported 
that cholesterol intake was positively correlated with the risk 
of stress and mental stress during pregnancy and can affect 
the fetus in negative ways such as fetal growth retardation 
and low fetal weight [39]. High levels of cholesterol during 
pregnancy can change fetal aorta and increase the suscepti-
bility to cardiac disorders such as coronary arteriosclerosis or 
fat formation [40]. In the present study, a positive correlation 
between fat intake and the level of blood fasting glucose was 
observed. Therefore, reducing fat intake may help GDM pa-
tients to prevent complications of GDM and reduce negative 
effects on their fetus. 

The strength of our study lies in the fact that we investi-

Table 5. Comparison of daily nutrients intakes between NGT and GDM 

Nutrients NGT (n = 219) GDM (n = 44) p*

Energy, kcal  1973.9 ± 421.8†  2127.3 ± 560.6 0.040‡

Protein, g  84.6 ± 36.4  87.5 ± 28.5 0.578

Fat, g  62.3 ± 22.0  66.6 ± 28.4 0.038‡

Carbohydrate, g  281.0 ± 56.6  305.1 ± 84.8 0.012‡

Calcium, mg  669.7 ± 271.2  787.7 ± 309.9 0.286

Phosphorous, mg  1176.9 ± 312.9  1303.7 ± 405.9 0.067

Iron, mg  15.0 ± 4.5  15.8 ± 4.9 0.594

Sodium, mg  4132.8 ± 1232.6  5081.5 ± 1632.7 0.035‡

Potassium, mg  3266.7 ± 917.4  3572.1 ± 1162.5 0.082

Zinc, mg  9.8 ± 2.7  11.2 ± 7.7 0.079

Vitamin A, ug RE  933.2 ± 622.7  970.0 ± 572.0 0.464

Vitamin B1, mg  1.7 ± 1.4  1.6 ± 0.7 0.207

Vitamin B2, mg  1.4 ± 0.5  1.6 ± 0.6 0.011‡

Niacin, mg  18.2 ± 5.6  19.1 ± 7.3 0.251

Vitamin C, mg  122.4 ± 64.6  188.3 ± 125.1 <0.001§

Folate, μg DFE  290.1 ± 116.5  330.7 ± 168.2 0.259

Vitamin E, mg α-TE  18.3 ± 7.2  19.4 ± 8.1 0.044‡

Cholesterol, mg  338.5 ± 148.8  375.1 ± 205.7 0.027‡

SFA, g  10.7 ± 6.3  13.4 ± 8.8 0.012‡

MUFA, g  11.3 ± 6.3  13.7 ± 9.3 0.018‡

PUFA, g  9.3 ± 4.5  10.8 ± 5.3 0.046‡

NGT: normal glucose tolerance subjects, GDM: gestational diabetes mellitus subjects, SFA: saturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: poly-
unsaturated fatty acid.
*Analysis by t-test; †Mean ± SD; ‡p < 0.05, §p < 0.001. 
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gated dietary behaviors of not only daily snack, but also night-
eating snack in GDM. However, this study has limitations, 
including small number of GDM subjects and usage of FFQ 
that is not semi-quantified. Further studies incorporating large 
number of subjects and more accurate measurement of intake 
amounts may be able to analyze the correlations between the 
dietary behavior and the occurrence of GDM as well as its 
relative risk.

Conclusion
In conclusion, the present study reported that the sig-

nificant differences in snack intake, night-eating habits, and 
nutrient intakes between NGT and GDM subjects. We recom-
mend healthy snacks and appropriate dietary behaviors as 
two important lifestyle factors that can help reduce the risk of 
GDM and its complications. Particularly, it would be beneficial 
to consume plenty of vegetables, reduce night-eating snacks 
consumption, choose less salty and fatty foods, drink black-
coffee rather than instant coffee mix with cream and sugar, 
and consume dairy products to prevent GDM. 
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Table 6. Comparison of nutrient density between NGT and GDM

Nutrients NGT (n = 219) GDM (n = 44) p*

Protein, g  42.7 ± 16.1†  41.1 ± 7.9 0.231

Fat, g  31.2 ± 5.9  30.9 ± 9.3 0.739

Carbohydrate, g  143.4 ± 15.7  144.5 ± 21.1 0.626

Calcium, mg  374.0 ± 126.7  338.0 ± 101.6 0.028‡

Phosphorous, mg  597.5 ± 92.6  614.5 ± 117.5 0.258

Iron, mg  7.6 ± 1.8  7.5 ± 1.7 0.640

Sodium, mg  2638.0 ± 786.8  2434.5 ± 720.9 0.038‡

Potassium, mg  2256.6 ± 734.4  2085.1 ± 585.6 0.069

Zinc, mg  7.1 ± 4.9  6.2 ± 1.7 0.162

Vitamin A, ug RE  595.6 ± 397.5   612.7 ± 361.4 0.727

Vitamin B1, mg  1.1 ± 0.9  1.0 ± 0.4 0.208

Vitamin B2, mg  1.0 ± 0.4  0.9 ± 0.3 0.004§

Niacin, mg  12.1 ± 4.6  11.6 ± 3.6 0.432

Vitamin C, mg  78.1 ± 41.2  98.9 ± 79.0 <0.001ll

Folate, μg DFE  208.9 ± 106.2  185.2 ± 74.3 0.078

Vitamin E, mg α-TE  11.7 ± 4.6  12.3 ± 5.1 0.347

Cholesterol, mg  216.1 ± 95.0  236.9 ± 130.0 0.128

SFA, g  6.8 ± 4.0  8.5 ± 5.6 0.018‡

MUFA, g  8.5 ± 5.9  7.2 ± 4.0 0.050

PUFA, g  6.8 ± 3.3  5.9 ± 2.9 0.040‡

NGT: normal glucose tolerance subjects, GDM: gestational diabetes mellitus subjects, SFA: saturated fatty acid, MUFA: monounsaturated fatty acid, PUFA: 
polyunsaturated fatty acid.
*Analysis by Student t-test; †Mean ± SD; ‡p < 0.05; §p < 0.01; llp < 0.001.

Table 7. Correlations between biochemical blood glucose 
markers and nutrient intakes 

Variables Fasting plasma glucose

Nutrients

Energy, kcal 0.212*

Carbohydrate, g 0.197

Fat, g 0.291*

Protein, g 0.178

*p < 0.05 by Pearson’s correlation coefficient.   
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