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Background: Women with gestational diabetes mellitus (GDM) are at high risk for type 2 diabetes mellitus (T2DM) and car-
diovascular disease (CVD); continuous life-style intervention, especially diet, is central to managing T2DM and CVD. However,
little is known about the dietary patterns of women with GDM after delivery. The goal of this study was to compare the eating
habits and food intakes of women diagnosed with GDM during the early postpartum period.

Methods: We performed a 75 g oral glucose tolerance test (OGTT) in 184 women with GDM between 6 and 12 weeks after de-
livery. Based on the results of the OGT'T, the subjects were divided into three groups according to the American Diabetes Asso-
ciation criteria; normal glucose tolerance (NGT) (#=100), pre-diabetes (n=73), and diabetes mellitus (DM) (n=11). Eating hab-
its and usual food intake after delivery were investigated using a questionnaire, based on 24 hour-recall, which was administered
by a trained dietitian. The daily intake data were analyzed using CAN Pro 3.0. Blood tests were performed pre- and post-delivery.
Results: Eating habits were not significantly different among the three groups. However, animal fat consumption was signifi-
cantly different among the three groups. The intake ratio of fat calories to total calories was also significantly higher in the pre-di-
abetes and DM groups.

Conclusion: Although diet in the period 6 to 12 weeks postpartum did not influence glucose level, it may be important to edu-
cate women with GDM about the risks of excessive animal fat intake during pregnancy and the postpartum period in order to
prevent later onset of T2DM.
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tional diabetes mellitus (GDM) [1]. GDM is a common com-
plication of pregnancy [2], occurring in approximately 7% of

INTRODUCTION

Diabetes is defined as a chronic metabolic disorder character-
ized by a dysfunction in insulin secretion and/or insulin ac-
tion, also known as hyperglycemia, and is divided into type 1
diabetes mellitus, type 2 diabetes mellitus (T2DM), and gesta-

all pregnancies while based on other study subjects and the
different diagnostic criteria, the prevalence range of various
ethnic populations was reported to be between 1% and 14%
[3], and that number steadily increasing [4,5]. Additionally,
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Postpartum food intake of women diagnosed with GDM

the prevalence of GDM is similar in Korea as in other coun-
tries (approximately 2% to 3%) [5]; moreover, when the diag-
nostic criteria were updated, a 4% increase in the prevalence
was reported [6]. In some women with GDM, impaired glu-
cose tolerance persists even after delivery, or they are diagnosed
with diabetes. Although women with GDM return to normal
glucose level after delivery, many of these women may develop
diabetes later in life. The prevalence of diabetes at postpartum
has been reported variously and increases significantly within
five years after delivery for women previously diagnosed with
GDM. During follow-up in previous studies, up to 70% of
women with GDM developed T2DM [7,8].

T2DM is a major risk factor for cardiovascular disease
(CVD), and a recent study has shown that it is the largest cause
of death in diabetes patients [9]. Additionally, women who had
GDM, even after returning to normal blood glucose levels af-
ter delivery, are at greater risk for developing abnormal vascu-
lar function [10]. As compared to diabetes patients who have
no history of GDM, the incidence of chronic diabetes compli-
cations is high in those with a GDM history, especially the mor-
tality rate due to cardiovascular complications [11]. Thus, it is
very important to manage and reduce complications early in
women with a history of GDM who are at high risk of devel-
oping diabetes and CVD. The risk factors for GDM and T2DM
are similar - environmental factors such as diet, exercise, and
smoking, all considered to be significant. Dietary factors that
induce obesity, especially the consumption of saturated fatty
acids were reported to be strongly linked with insulin resistance
and CVD [12,13].

Studies on Korean GDM patients were performed to deter-
mine dietary factors that affect the pathogenesis of GDM [14]
and an effective diet for glycemic control during pregnancy
[15] and/or to describe the progression of GDM itself. Howev-
er, there are very few studies which observe the types of meals
consumed after delivery. Because GDM is considered to put
patients at high risk for T2DM and CVD, studies on dietary
habits after delivery are considered to be very important and
may help in the prevention and management of further pro-
gression to T2DM.

In this study, blood tests were performed 6 to 12 weeks after
delivery. Based on the blood glucose results, patients were sep-
arated into groups: a normal glucose tolerance (NGT) group, a
pre-diabetes group, and a diabetes mellitus (DM) group. After
separating participants into their respective groups, eating hab-
its and dietary intake were compared. In order to give direc-
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tion to preventing T2DM and CVD, we observed difference of
diet among three groups.

METHODS

Subjects

At Cheil General Hospital, Kwandong University College of
Medicine, 196 women diagnosed with GDM between Febru-
ary 2008 and September 2009 were observed at 6 to 12 weeks
after delivery for post-gestational diabetes management.
Among those diagnosed with GDM, those who were diagnosed
24 weeks prior to pregnancy, did not agree to the terms of the
study and those who had given birth to twins were excluded
from the study, resulting in a total of 184 surveyed patients who
participated in this study. A diagnosis of GDM was utilizing
two step procedure, screening test and diagnostic test with
Carpenter & Coustan method [1]. Dietary education for dia-
betes management was provided to all study subjects. Addi-
tionally, at the 6 to 12 weeks after delivery, a 75 g oral glucose
tolerance test (OGTT) was performed on each woman. Based
on the criteria provided by the American Diabetes Association
(ADA) [16], participants were classified as follows: NGT, im-
paired fasting glucose (IFG), impaired glucose tolerance (IGT)
and combined symptoms of IFG/IGT and DM. This study
separated the patients into three groups: the NGT group, the
pre-diabetes group included the IFG, IGT and IFG+IGT, and
the DM group. For our study, there were 100 patients in the
NGT group, 73 patients in the pre-diabetes group, and 11 in
the DM group. This study was approved by the Cheil General
Hospital Institutional Review Board, and all participants pro-
vided written consent.

Nutritional education and recommended daily allowance

After being diagnosed with GDM, all participants received a
three-phase education regarding dietary management. Phase
1 of the education was administered individually at the diag-
nosis of GDM and focused on calculating the required daily
calories. After the education, meal record papers were provid-
ed. Phase 2 of the education was performed two weeks after
the phase 1 education. The meal record was reviewed in order
to correct improper dietary intake in the previously planned
diet. Phase 3 of the education was administered during the
hospitalization after delivery, that the education from phase 1
was reviewed. The food exchange list from the Korean Diabe-
tes Association and life-size food models (Korea Mirage mod-
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el) were used to educate the participants. In order to calculate
the required caloric intake, a standard body mass index (BMI)
was used. Considering the subjects were in the recovery of de-
livery, obesity was not taken into account and all activities of
daily life were considered as light activities. The amount of cal-
ories required for breastfeeding is 320 kcal per day [17]. There-
fore, that amount was added to the meal plan for those patients
who were breastfeeding; no additional calories were added for
those subjects who were not breastfeeding. The caloric intake
required by breastfeeding women after delivery is set by the
following formula [18]:

Estimated energy requirement during breastfeeding (kcal) =

height (m*)x21x30+320

Additionally, in order to use the same ratio of carbohy-
drates, proteins, and lipids consumed during the gestational
diabetes treatment period, meals were composed using a
50:20:30 ratio [15], and consumptions of high fat meat and fish
and simple sugars were restricted. The benefits of proper exer-
cise and weight management were also mentioned. At 6 to 12
weeks after delivery, eating habits and food intakes were inves-
tigated, and blood tests were performed.

Survey information

Using a questionnaire, general information and diet were in-
vestigated. General information included age, height, weight
before pregnancy, weight at delivery, difference between before
and after pregnancy weight, BMI prior to pregnancy, whether
patients were breastfeeding, intensity of activity, household in-
come, family history, insulin use during pregnancy and parity.
Dietary habits after delivery until readmission for check-up
were surveyed, including the number of meals per day, wheth-
er or not breakfast was consumed, the regularity of meal time,
the time taken to consume a meal, whether patients overate,
frequency of meals eaten at restaurants, main foods eaten when
patients dined out, the number of grains, fish, vegetables and
high fat foods consumed, average number of snacks consumed,
types of foods consumed as snacks, as well as the amounts of
sweets, salty foods, high fat meat and fish and instant foods
consumed except for main foods eaten when patients dined
out, all items in the questionnaire were scored in order to com-
pare the study groups. Good eating habits received a score of 3,
moderate eating habits received a score of 2, and poor eating
habits received a score of 1. The sums for each group were cal-
culated. A dietician surveyed the usual daily food intake by a
24 hour-recall method using pictures of food to help patients
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recall before their check-up day. The CAN Pro 3.0 (Computer
Aided Nutritional Analysis Program, version 3.0; Korean Nu-
trition Society, Seoul, Korea) was used to analyze dietary in-
formation, such as calories and nutrients in the foods con-
sumed.

Blood tests were performed during the diagnosis of GDM
and again 6 to 12 weeks after delivery. The blood test performed
6 to 12 weeks after delivery included measures for a 2-hour
postprandial blood glucose, glycated hemoglobin (HbA1lc),
total cholesterol (TC), high density lipoprotein cholesterol
(HDL-C), low density lipoprotein cholesterol (LDL-C), tri-
glycerides (T'G), high-sensitive C-reactive protein (hs-CRP),
C-peptide, systolic blood pressure (SBP), and diastolic blood
pressure (DBP). During diagnosis of GDM, the blood test in-
cluded all of the above plus 1 hour blood glucose, 3 hour blood
glucose, body weight 6 to 12 weeks after delivery, BMI and body
fat percentage.

Statistical analysis

The SAS program version 9.1 (SAS Institute, Cary, NC, USA)
was used for data processing. Those who responded to the
survey were separated into three groups: NGT, pre-diabetes,
and DM groups. The differences among the three groups were
compared, and the median and interquartile range (IQR) of all
items were calculated. In order to investigate the statistical sig-
nificance among the three groups, the Kruskal-Wallis non-
parametric test was used for variables with irregular distribu-
tion. In order to compare the dietary habits of subjects, a chi-
square test was used for the differences in frequency. Results
with P values less than 0.05 were considered to be statistically
significant.

RESULTS

General information and survey of dietary habits

After women with GDM gave birth, the subsequent manage-
ment percentage was 67.8%. The distribution of postpartum
patients with GDM was 52.5% in the NGT group, 39.3% in the
pre-diabetes group, and 8.2% in the DM group. The general
characteristics of the study participants (Table 1) showed that
there was a significant difference in body weight and BMI pri-
or to pregnancy among the three groups (P<0.05). About
whether to use insulin, 72.7% of patients in DM group, 31.5%
of patients in the pre-diabetes group and only 17.0% of patients
in the NGT group reported using insulin. As blood glucose
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Table 1. Clinical characteristics and life style of women with
gestational diabetes according to postpartum glucose toler-
ance status

Pre-diabetes

Clinical characteristic N(C’i 1; %g())l)lp group D(l\::gicil)lp
(n=73)
Age, yr 340(5.0) 350(60) 36.0(5.0)
Height, cm 160.0 (6.0) 159.8(8.6) 158.0 (5.6)
Pre-pregnancy weight, kg*  56.0 (12.0) 59.0(15.3) 58.0 (21.0)
Weight at delivery, kg 66.4(11.6) 70.4(15.0) 62.6(13.5)
Weight gain during 10.3(5.3) 9.1(6.2) 9.0 (7.1)
Pregnancy, kg
Pre-pregnancy BMI* 21.9(4.0) 23.1(6.6) 22.4(2.9)
Breastfeeding
Yes, 1 (%) 80(80.0) 56 (76.7) 9(81.8)
Physical activity
Light, 7 (%) 46 (46.9)  35(48.0) 3(27.3)
Regular, 7 (%) 50 (51.0) 37 (50.7) 8(72.7)
Heavy, n (%) 2(2.0) 1(1.4) 0(0.0)
Income (10,000 won/mon)
<100, 1 (%) 4(4.1) 7(9.6) 0(0.0)
101 to 300, 71 (%) 41(422) 20(27.4) 5 (45.5)
301 to 500, 1 (%) 52(53.6) 46 (63.0) 6 (54.5)
Family history of diabetes
Yes, 1 (%) 53(53.0) 43 (58.9) 6 (54.6)
Insulin usage in pregnancy”
Yes, 1 (%) 17(17.0)  23(3L5) 8(72.8)
Parity
1, 1 (%) 42(42.0)  30(4L1) 4(36.4)
2,1 (%) 48 (48.0)  37(50.7) 7 (63.6)
34,1 (%) 10 (10.0) 6(8.2) 0(0.0)

Values are presented as median (interquartile range) or number (%).
NGT, normal glucose tolerance; DM, diabetes mellitus; BMI, body
mass index.

*Average ranks to be significantly different at P<0.05 by Kruskal-
Wallis test, "Proportions at P<0.001 by chi-square test among the
three groups.

levels increased after delivery among patients who had received
treatment for GDM, a significant increase in the use of insulin
was observed (P<0.001). Other factors, including age, height,
weight at delivery, weight gain during pregnancy, breastfeed-
ing status, physical activity, income, family history and fertili-
ty, were not significantly different among the groups.
Seventeen items from the diets of subjects 6 to 12 weeks af-
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Table 2. Eating habits of women with gestational diabetes ac-
cording to postpartum glucose tolerance status

gt oI e Dhigo
Meal frequency, times/day

Three 67(67.7)  50(69.4)  5(45.5)

Twice 30(303)  20(27.8)  6(54.5)

Once 2(2.0) 2(2.8) 0(0.0)
Regularity of meal time, days/wk

5to7 53(53.0) 45 (61.6) 7 (63.6)

3to4 26(260)  16(21.9)  3(27.3)

Less than 2 21(21.0) 12(164)  1(9.1)
Overeating, days/wk

5t07 3(3.1) 2(2.8) 0(0.0)

3t04 5(5.1) 4(5.6) 0(0.0)

Less than 2 90(91.8)  66(91.7) 11 (100.0)
Frying food frequency, days/wk

5to7 11(11.0) 16 (21.9) 2(18.2)

3to4 23(230)  14(192) 2(182)

Less than 2 66 (66.0) 43 (58.9) 7 (63.6)
Simple sugar food frequency, times/wk

5t07 9(9.0) 6(8.2) 0(0.0)

3to4 14 (14.0) 14(192)  1(9.1)

Less than 2 77 (77.0) 53(72.6) 10(90.9)
Salty food frequency, times/wk

5to7 12 (12.0) 11(15.1) 0(0.0)

3to4 15 (15.0) 9(12.3)  1(9.1)

Less than 2 73 (73.0) 53(72.6) 10(90.9)
Animal fat foods and high cholesterol food frequency

Over 3 times/wk 3(3.0) 2(2.7) 0(0.0)

1 to 2 times/wk 31(31.3)  26(356)  4(364)

Less than 2 to 3 times/mo 65 (65.7) 45 (61.6) 7 (63.6)
Instant and processed food frequency

Over 3 times/wk 6(6.1) 4 (5.5) 0(0.0)

1 to 2 times/wk 43 (43.4) 26 (35.6) 4(36.4)

Less than 2 to 3 times/mo 50 (50.5) 43 (58.9) 7 (63.6)
Sum of scores of food 36.0(7.0) 35.0(9.0) 37.0(8.0)

habits, median (IQR)

Values are presented as number (%) or median (interquartile range).
There are no significantly different values for any parameter.
NGT, normal glucose tolerance; DM, diabetes mellitus.

ter delivery were investigated, but there were no significant
differences among groups. The dietary score and the fat score
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Table 3. Daily nutrient intakes of women with gestational diabetes according to postpartum glucose tolerance status

Nutrient

NGT group (n=100)

Pre-diabetes group (n=73)

DM group (n=11)

Energy, kcal

1,902.4 (573.1)

Plant protein, g 442 (17.8)
Animal protein, g 41.8(26.5)
Plant fat, g 30.9 (19.5)
Animal fat, g* 23.9 (16.5)
Carbohydrate, g 252.9 (91.9)
Fiber, g 29.5(13.1)
Plant calcium, mg 446.1 (303.5)
Animal calcium, mg 465.7 (400.7)
Phosphorus, mg 1,444.5 (539.9)
Plant iron, mg 13.5(6.6)
Animal iron, mg 3.3(2.3)

Sodium, mg

Potassium, mg

5,961.3 (2,735.0)
3,873.3 (1,579.0)

1,893.0 (628.8)

1,841.3 (681.4)

40.7 (13.6) 35.5(12.2)
44.1 (24.0) 45.8(37.1)
32.4(18.6) 31.5(16.1)
28.5(19.1) 29.6 (24.9)
255.6 (102.6) 227.6 (121.2)
27.8(10.7) 23.8(21.0)
436.8 (248.0) 482.7 (466.5)

424.6 (420.1)
1,377.1 (481.7)

354.8 (253.1)
1,359.6 (406.1)

Zinc, mg 10.0 (3.4)
Folate, ug 389.5 (246.5)
Vitamin A, ug RE 797.7 (868.1)
Vitamin B1, mg 1.3 (0.6)
Vitamin B2, mg 1.6 (0.7)
Niacin, mg 17.0 (9.5)
Vitamin B6, mg 2.5(1.2)
Vitamin C, mg 138.8 (123.3)
Vitamin E, mg 20.1 (13.5)
Cholesterol, mg 307.7 (279.3)

12.9 (5.8) 13.4 (9.6)
3.7(2.3) 3.6(2.6)
6,327.0 (2,941) 4,983.6 (5,479.0)
3,937.6 (1,784) 3,439.2 (2,286.0)
10.2 (3.9) 10.8 (4.7)
384.7 (215.8) 321.3(330.7)
908.5 (680.3) 1,166.7 (983.2)
1.4(0.7) 1.2(0.6)

1.6 (0.8) 1.5(1.3)
17.4(7.7) 19.4 (7.8)
24(1.2) 2.1(0.8)
142.4 (126.0) 100.7 (148.8)
19.5(9.3) 20.1(16.2)
369.1 (324.4) 306.1 (324.9)

Values are presented as median (interquartile range).
NGT, normal glucose tolerance; DM, diabetes mellitus.

*Average ranks to be significantly different at P<0.05 by Kruskal-Wallis test among the three groups.

from the questionnaire totals did not show any significant dif-
ferences. Based on the survey responses, results of scores re-
garding the number of meals consumed per day, regularity,
overeating, amount of fatty foods, foods containing simple
sugars, salty foods, foods high in cholesterol, instant foods and
processed foods consumed, were shown in Table 2.

Comparison of amounts consumed during meals

The results for the dietary intake of each group are presented
in Table 3. Groups of higher blood glucose were consumed
animal fat more and there was a significant difference in the
increase among the three groups (P<0.05). Other than animal
fats, no other nutrient intakes showed a significant difference
among the three groups. Protein, calcium and iron from foods
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were separated by whether they were from vegetables or ani-
mal products and were then compared. However, the results
from this comparison were not statistically significant.

In order to investigate the frequency of proper dietary prac-
tices in the study subjects, total calories consumed from pro-
tein, lipids, carbohydrates and sugars were transformed to
percentages and then compared individually to the recom-
mended daily intakes taught during the educational period
(Table 4). The increase in caloric intake from fats was higher,
but the decrease in caloric intake from carbohydrates was
higher in DM group (P<0.05). The protein intake of all groups
was less than 20% of total caloric intake, which is recommend-
ed to consume, and there was no significant difference among
the three groups. The number of participants who exceeded
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Table 4. Recommended and actual intake ratios of protein,
fat, and carbohydrates in women with gestational diabetes ac-
cording to postpartum glucose tolerance status

dm]

Table 6. Antepartum metabolic characteristics of women
with gestational diabetes according to postpartum glucose tol-
erance status

Nutrient NGT group  Pre-diabetes =~ DM group Antepartum NGT group  Pre-diabetes DM group
(n=100) group (n=73) (n=11) characteristic (n=100) group (n=73) (n=11)
Proportion of total calories, % 0 hr-glucose, mg/dL*  85.0 (12.0) 91.0 (14.5) 93.0 (41.0)
Protein 17.6 (4.3) 17.9 (4.4) 19.9 (2.3) 1 hr-glucose, mg/dL* 185.0 (22.0) 194.0(27.5)  200.0 (38.0)
Fat* 26.2(9.7) 29.8 (5.3) 29.6 (12.1) 2 hr-glucose, mg/dL*  169.0 (21.0)  180.0 (32.5)  203.0 (36.0)
Carbohydrate® 56.5(10.3)  53.6(8.2) 50.3 (14.5) 3 hr-glucose, mg/dL® 144.0 (24.0) 146.0(30.0)  165.0 (33.0)
Intake ratio of each recommended nutrition, % HbAlc, %* 5.1(0.5) 5.3(0.5) 5.6 (0.7)
Calorie 101.4 (29.5) 102.6 (36.9) 99.4 (32.4) TC, mg/dLb 242.5(61.0) 230.0 (47.5) 208.0 (57.0)
Protein 90.8(344)  959(35.6)  93.5(34.6) HDL-C, mg/dL® 78.0(17.0)  76.0(140)  60.0(40.0)
Fat 88.9(40.6) 103.5(43.4)  97.1(60.7) LDL-C, mg/dL" 122.6(53.8) 106.8(38.6)  82.2(29.2)
Carbohydrate 108.0 (36.8)  111.4(42.9)  99.9(49.5) TG, mg/dL 199.5(80.0) 211.0(72.0)  222.0(201.0)
Values are presented as median (interquartile range). hs-CRP, mg/dL 1.63 (2.2) 2.1(28) 1.0(3.3)
NGT, normal glucose tolerance; DM, diabetes mellitus. C-peptide, ng/mL 1.7 (0.9) 1.8 (1.1) 2.1(1.2)
"‘Ave.rage ranks to be significantly different at P<0.05 by Kruskal- SBP, mm Hg" 109.0 (140) 1125 (10.5) 1190 (26.0)
Wallis test among the three groups.
DBP, mm Hgb 66.0 (9.0) 69.0 (8.5) 69.0 (18.0)

Table 5. The proportion of each study group exceeding the
recommended fat intake

ot Pedibee T Dlign
Fat intake more than 25% of total calories®

Yes 56 (56) 61(83.6) 8(72.7)
Animal fat intake more than median of total animal fat*

Yes 41 (41) 45 (61.6) 6 (54.5)
Cholesterol intake more than 300 mg

Yes 54 (54) 48 (65.8) 6 (54.5)

Values are presented as number (%).
*Proportions to be significantly different at P<0.05 by chi-square test
among the three groups.

the recommended amounts of total lipids, animal fat and cho-
lesterol in each study group was determined (Table 5). Recom-
mended allowance is less than 25% consumption of lipids, 300
mg of cholesterol and median value of animal fat [19]. In lipids
and animal fat consumption, there was a statistically signifi-
cant difference among the study groups (P<0.05); however,
the difference in cholesterol consumption was not significant.

Comparison of blood test results at diagnosis in patients
with gestational diabetes

Results from blood tests that were performed during the diag-
nosis of GDM in the study subjects were examined and are

http://e-dmj.org  Diabetes Metab J 2011;35:354-363

Values are presented as median (interquartile range).

NGT, normal glucose tolerance; DM, diabetes mellitus; HbAlc, gly-
cated hemoglobin; TC, total cholesterol; HDL-C, high density lipo-
protein cholesterol; LDL-C, low density lipoprotein cholesterol; TG,
triglyceride; hs-CRP, high-sensitivity C-reactive protein; SBP, systolic
blood pressure; DBP, diastolic blood pressure.

*Average ranks to be significantly different at P<0.001, "Average ranks
at P<0.05 by Kruskal-Wallis test among the three groups.

presented in Table 6. In the diagnostic test of GDM, the 100 g
OGTT, fasting blood glucose levels (P<0.001) and blood glu-
cose levels after 1 hour (P<0.001), 2 hours (P<0.001), and 3
hours (P<0.05) were significantly different among the three
groups. There was also a significant difference in HbAlc among
the three groups (P<0.001). In addition, TC, HDL-C, and
LDL-C decreased as the blood glucose levels increased, with a
significant difference (P<0.05). In contrast, TG had a tenden-
cy to be high in the DM group; however, this was not statisti-
cally significant. SBP and DBP were also significantly different
among the groups (P<0.05), while C-peptide and hs-CRP
showed no statistical difference.

Comparison of blood test results after delivery

The results from the blood tests performed 6 to 12 weeks after
delivery are shown in Table 7. Body weight, BMI, and body fat
were statistically different among the groups (P<0.05). As the
blood glucose increased, HDL-C decreased significantly (P<
0.05), but TG (P<0.05), SBP (P<0.05), and DBP (P<0.001)
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Table 7. Metabolic characteristics of women with gestational
diabetes at 6 to 12 weeks postpartum

Postpartum NGT group  Pre-diabetes DM group
characteristic (n=100) group (n=73) (n=11)
Weight, kg* 568 (12.1)  60.7(13.1)  58.6(16.8)

BMI, kg/m™ 24(42)  239(52) 22.3(2.7)
Body fat, %" 31.0(62)  33.7(5.8) 29.1(6.3)
0 hr-glucose, mg/dL"  89.0 (9.0) 95.0 (14.0) 128.0 (31.0)
2 hr-glucose, mg/dL"  112.0 (22.5)  156.0 (31.0) 230.0 (50.0)
HbAlc, %° 5.5(0.5) 5.7 (0.3) 6.2(0.7)
TC, mg/dL 198.5(41.0)  211.0(48.0) 208.0 (42.0)
HDL-C, mg/dL* 62.0(18.0)  55.0(16.0)  48.0(41.0)
LDL-C, mg/dL 118.3(37.4) 125.0(40.6)  131.8(42.2)
TG, mg/dL* 79(59)  109.0(85.0)  149.0 (323.0)
hs-CRP, mg/dL 0.8(1.2) 1.3(2.3) 1.0 (1.5)
C-peptide, ng/mL 1.2(0.7) 1.4 (0.8) 1.4 (1.4)
SBP, mm Hg* 110.0 (11.0)  114.0(14.0) 120.0 (13.0)
DBP, mm Hgb 70.0 (9.0) 73.0 (10.0) 79.0 (7.0)

Values are presented as median (interquartile range).

NGT, normal glucose tolerance; DM, diabetes mellitus; BMI, body
mass index; HbAlc, glycated hemoglobin; TC, total cholesterol;
HDL-C, high density lipoprotein cholesterol; LDL-C, low density li-
poprotein cholesterol; TG, triglyceride; hs-CRP, high-sensitivity C-
reactive protein; SBP, systolic blood pressure; DBP, diastolic blood
pressure.

*Average ranks to be significantly different at P<0.05, "Average ranks
at P<0.001 by Kruskal-Wallis test among the three groups.

increased significantly. TC, LDL-C, hs-CRP, and C-peptide
did not show a significant difference among the groups.

DISCUSSION

The percentages of participants in the NGT group, the pre-di-
abetes group and the DM group were 52.5%, 39.3%, and 8.2%,
respectively. However, this is different from the results report-
ed by Jang et al. [20] who reported 23.2% IGT and 15.1% dia-
betes in an examination 6 weeks after delivery and those of Ri-
vas et al. [21] who reported 18.8% diabetes, 15.38% IGT, and
11.97% IFG in an examination performed two to four months
after delivery. However, since pre-diabetes has also abnormal
glucose metabolism, a proportion near 50% has abnormal glu-
cose metabolism at postpartum seen in all of these studies. In
studies on the dietary habits of diabetes patients [22] com-
pared to those of non-diabetes subjects, diabetic patients had
poor eating habits such as more irregular meal intake, more
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frequent overeating and preference for salty and greasy foods.
Even in studies on GDM patients [14], the scores for dietary
habits are significantly lower and participants report improper
dietary habits. However, differences based on the three groups
were not observed in the dietary habits in this study; preferred
foods were similar between the groups, because of limited pe-
riod after delivery. So the gestational diabetes diet is thought
to be maintained because patients have given birth very re-
cently and persists due to lingering habits.

However, when compared to actual intake, as blood glucose
increases, the consumption of animal fats increased signifi-
cantly, and patients reporting consumption of foods high in
animal fats and high in cholesterol may not be reflected their
bad consumption habits.

In foreign papers studied the relationship between high
cholesterol intake and GDM, 50 mg/1,000 kcal increase in
cholesterol consumption [23] increases the risk of GDM by
88% and is thought to have a stronger correlation on GDM
than other fats. Additionally, dietary cholesterol in diabetic
patients is associated with CVD, and in particular, when more
than one egg was consumed per day increases the risk of CVD
unlike non-diabetic people [24]. Although dietary cholesterol
in this study did not show a significant difference among groups,
more than 50% of the patients in all groups consumed more
than 300 mg over the recommended amount (Table 5). Al-
though the body weight, BMI, and body fat among the three
groups in this study were not statistically significant, after de-
livery, unlike the normal group, the blood cholesterol level did
not decrease in the diabetes group. Therefore, it is thought that
training is required regarding dietary cholesterol restrictions
to prevent CVD in the high-risk diabetes group. Regarding
this nutritional education, it is thought that more education on
the specific criteria for limiting high fat foods and foods that
are high in cholesterol is needed.

Regarding the consumption of lipids, unlike in Western
countries, in South Korea, it is assumed that individuals do
not generally consume fats in excessive amounts [22]. Howev-
er, in this study, the consumption ratios of total fat and animal
fat over the standard amount were significantly different among
the three groups (Table 5), and dietary changes and the con-
sumption of lipids have increased in this society. There are
several different studies about total fat and animal fat intakes.
Some of the studies reported consumption of fat increases the
risk of diabetes [25], whereas others reported that there was
no relationship between these measures [26], even when ad-
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justed for BMI. Similar to results from Western studies, the
consumption of animal fats and saturated fats are considered
to be associated with the increase in risk factors of cardiovas-
cular complications [12], suggesting that appropriate manage-
ment of these factors is required.

Based on studies on the effects of carbohydrate restriction
in meals during the management of GDM, the recommended
carbohydrate:protein:fats ratio during education was 50:20:30
[15]. However, in contrast to techniques of the past, rather than
focusing on exclusion of carbohydrates, it is deemed impor-
tant to emphasize the reduction of high fat food consumption.
In the high blood glucose group in the present study, it was
common for more than 25% of calories consumed to be from
fats. In addition, when the nutrient consumption ratios of the
normal group after delivery were considered, the percentages
were adjusted to 55% carbohydrates and 25% lipids. We felt
that re-education would be helpful to prevent postpartum dia-
betes, and that another study on proper allocation of carbohy-
drates, proteins and lipids is required. Regarding protein and
iron intake, it has been reported that animal protein, or pro-
cessed meat consumption increases the risk of diabetes [26,27]
and animal iron intakes increase the risk of diabetes [28,29].
However, in the present study, when iron from vegetable and
animal proteins were analyzed and compared, there were no
significant differences. However, compared to the NGT group,
it can be seen that the consumption of animal proteins was
higher in the pre-diabetes and DM group (Table 3). For people
with diabetes, the recommended protein consumption is 15%
to 20% of their total caloric intake [18]. In this study, all sub-
jects consumed the recommended range of protein intake, and
this is thought to be an effect of the nutritional education. There
was no significant difference in the intake of folic acid among
the three groups, and when compared to the proposed average
folic acid requirement to breastfeed (450 pg from the 7th revi-
sion of the Korean dietary reference) [17], all three groups had
been consuming less than the recommended amount. This is
consistent with the nutritional intake survey from all adults
with IFG [30]. There are many cases in which the nutritional
status of folic acid worsens during breastfeeding, and given
that diabetes patients have deficiencies of folic acid, this could
increase the risk of developing atherosclerotic disease [30]. So
after GDM patients give birth, the necessity to mention the
need for folic acid in education has been noted. In mothers ex-
hibiting high blood glucose, we feel that folic acid supplements
should be considered.
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Like in prior studies of women with GDM, increases in
blood lipid levels and the risk of CVD [31,32] can be observed.
In this study, TG and high blood pressure were significantly
higher in the pre-diabetes and DM group. As a result, it is
thought that this information should also be included in pre-
and postnatal dietary education.

This study has limitations that short period (6 to 12 weeks
after delivery), the number of patients in the DM group was
insufficient compared to those in the NGT group. Therefore,
in order to recruit new patients for the DM group in future
studies, an extended study is required. Despite these limita-
tions, because lifestyles that include proper eating habits were
not changed short-term, and GDM patients are at high risk for
T2DM and CVD, meal management shortly after birth is con-
sidered to be the first step toward preventing from GDM de-
veloping into T2DM. Further studies on additional factors re-
garding eating habits and types of foods consumed at six
months and one year after giving birth are needed. In addi-
tion, this study started immediately after women gave birth, so
patients were separated based on whether they were breast-
feeding or not. When the lactation period progresses, mixed
breastfeeding often takes place; therefore, further studies re-
garding nutrients required for mixed breastfeeding women
who had GDM are required.

In conclusion, the short window of this study was not suffi-
cient to effect on the blood glucose level at 6 to 12 weeks after
giving birth. However, considering long-term dieting does
have an effect on diabetes patients and as mentioned earlier,
when we consider the fact that eating habits cannot be cor-
rected in such a short period of time, for women with GDM
who are at risk for developing T2DM and CVD, the first step
toward prevention is starting at delivery, diet management,
particularly cholesterols from animal fats. And we feel strongly
that a specific educational plan that can be easily understood
by patients must be implemented.
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