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ABSTRACT

Introduction: Optimal nutritional status is of utmost importance not only for foetal
development but also to maintain normoglycemia in women with gestational diabetes mellitus
(GDM). This cross-sectional study described the nutritional status of women with GDM and
explored whether self-reported nutrition education (NEd) exposure before a GDM diagnosis
would be able to promote better nutrition status. Methods: GDM women (n= 60; age= 31.6 +
5.0 years) diagnosed between 13th and 28th week of gestation participated in the study. We
assessed nutritional status that included anthropometric and blood pressure assessments,
biochemical data, and dietary intake. The respondents self-reported their NEd exposure before
a GDM diagnosis was made. Results: The pre-pregnancy BMI of the participants was 27.9 +
6.8 kg/m?, which was categorised as overweight. Total (4.3 + 5.6 kg) and rate (0.2 + 0.3
kg/week) of gestational weight gain were within the recommendations. Glycemic parameters
and blood pressure were also within the normal range. Nevertheless, they had high intakes of
fat (35.5%) and sugar (14.4%) proportionate to their energy intake. They did not meet the
recommended nutrient intakes for fibre, calcium, and iron. Only 28.3% of women had prior
NEd exposure. Among them, almost all (94.1%) had recurrent GDM. Those with NEd
exposure had lower pre-prandial blood glucose profiles, systolic blood pressure, and
proportion of protein intake from energy than those without (p< 0.05). Conclusions:
Suboptimal maternal nutritional status and low exposure to NEd are evident in women with
GDM. Those with self-reported NEd exposure had better parameters of nutritional status. The
findings recognised the need of having proper nutrition education for women who are at high
risk of GDM since at early pregnancy.
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An optimal nutritional status before and during
pregnancy is of utmost importance as it influences the
immediate and long-term health outcomes of the foetus
and the mother [1]. Achieving optimal nutritional status
is critical for women with gestational diabetes mellitus
(GDM) as they not only have to ensure proper foetal
development but also to maintain normoglycemia [2].
GDM is defined as any degree of glucose intolerance
during pregnancy and is associated with adverse events
in both mother and foetus [3].

Reduction in GDM complications has been
well-established with appropriate lifestyle interventions
[4]. GDM has increased rapidly within the two decades
in Malaysia, with a prevalence of almost 12%, higher
than any western countries [5]. The increase in
prevalence comes as no surprise as being an Asian is
one of the risk factors for GDM development, with 37%
of the attributable risk contributed by pre-pregnancy
weight and low diet quality [6]. Therefore, it is essential
to understand the nutritional status and educational

() @

Vol 4(2) (2019) 64-74 | jchs-medicine.uitm.edu.my | elSSN 0127-984X

https://doi.org/10.24191/jchs.v4i2.7511

66



needs of women with GDM to derive appropriate
evidence-based nutritional recommendations.

Although the benefits of having good
nutritional status during pregnancy are well-understood
[1], suboptimal dietary intake is frequent in women with
GDM. Korean women with GDM reported a higher
proportion of total carbohydrate intake from calories
but low in necessary nutrients for pregnancy including
dietary protein, calcium, iron, thiamine (Vitamin B1),
riboflavin (Vitamin B2), niacin (Vitamin B3) and folate
(Vitamin B9) [7]. A similar observation was reported
among Algerian pregnant women with diabetes mellitus
[8]. Their diet lacked iron, calcium, and folate, but had
high energy density from fat and carbohydrate. In
Malaysia, data on the nutritional status of women with
GDM are scanty. The previous study determined the
impact of low glycaemic index (GI) intervention to
improve dietary intake of women with GDM without
detailing the intake data [9]. The central gap lies in
understanding their overall nutritional status and dietary
intake.

Understanding nutritional status provides an
appropriate measure to deliver tailored nutrition
education to women with GDM. Nutrition education as
part of medical nutrition therapy (MNT) is the primary
intervention for up to 90% of women who have been
already diagnosed with GDM [10]. Individualised
nutrition education improved nutritional status, clinical,
and pregnancy outcomes in women with GDM [4, 11,
12]. However, it is not a common practice to provide
nutrition education at early pregnancy as the referral for
MNT is only made once the GDM diagnosis is
confirmed [13]. Nevertheless, in some women, they
may have experienced nutrition education before a
GDM diagnosis, in particular, those with recurrent
GDM in their previous pregnancy [14]. It is unclear
whether having nutrition education exposure before
GDM diagnosis would promote better nutritional status
than those without the exposure. Therefore, this study
described the nutritional status of women with GDM
and explored whether self-reported nutrition education
(NEd) exposure before a GDM diagnosis would further
improve their nutritional status.

Nutritional Status of GDM

METHODS
Study Design and Samples

This study employed a cross-sectional design and was
conducted at selected health clinics with the highest
annual GDM cases in Hulu Langat District, Selangor.
Women aged 18 - 45 years old with a confirmed GDM
diagnosis between 13th and 28th week of gestation
during data collection were recruited to the study. GDM
diagnosis was made following a 75-g oral glucose
tolerance test (OGTT) using standardised criterion,
which was consistent across all health clinics [15].
Women with pre-existing diabetes, pre-eclampsia, and
hyperemesis were excluded.

Ethical Consideration

The Research and Ethics Committee of the Ministry of
Health approved the study, and respondents provided
their written consent before enrolment (Research ID:
20965). All women provided their written consent.
Participation in this study was voluntary, and no
monetary reimbursement was provided.

Measures
Socio-Demographic

Socio-demographic data such as age, gestational week,
occupation, education, and monthly household income
were collected. The current and previous health-related
pregnancy issues such as recurrent GDM and other
health issues were obtained from the medical record.

Self-reported  Nutrition Education (NEd)
Exposure

Respondents self-reported their exposure to nutrition
education (NEd) at any point in time before a GDM
diagnosis was made. The exposure included NEd
components that they have received during their last
pregnancy. The content of NEd was not standardized.
For women with recurrent GDM, the exposure to NEd
was usually given by a dietitian at the health clinics
based on the MNT during their last pregnancy.
Meanwhile, the newly diagnosed GDM had the
initiative to sought for the NEd themselves through the
internet, family members, and other healthcare
professionals.
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Nutritional Status Assessments

Nutritional status assessments included data on the
components of anthropometry, blood pressure, blood
glucose profiles, and dietary intake. The same well-
trained study enumerators performed all measurements
to ensure consistency and to minimise measurement
errors.

Anthropometry and Blood Pressure

Height was measured without shoes using a wall-
mounted stadiometer (Model No: 206, SECA,
Hamburg, Germany), rounded to 0.1 cm. Current body
weight was measured in light clothing without footwear
using a digital weighing scale (Model: BWB-800A,
Tanita Corporation, Tokyo, Japan) and rounded to 0.1
kg. Pre-pregnancy weight was obtained from the
antenatal books of pregnant women. The nurse recorded
the patients’ self-report pre-pregnancy weight during
their initial visit at 4-12 weeks of gestation. Pre-
pregnancy body mass index (BMI) was calculated using
the formula BMI = weight (kg) ’/height (m?) and
classified based on the World Health Organization
(WHO) classification [16]. Total gestational weight
gain (GWG) and rate of weight gain (RWG) during
pregnancy were assessed and checked for adherence,
according to the 2009 Institute of Medicine (IOM)
guidelines [17]. Blood pressure was assessed using the
automatic blood pressure device (Omron HEM-907,
Healthcare Inc. Bannockburn, country). Three readings
were obtained in the seated position by a clinic nurse.
The normal range of blood pressure for pregnant
women is 110 — 129 mm Hg for systolic and 65 — 79
mmHg for diastolic blood pressure [15].

Biochemical Data

Biochemical data included analyses of fasting plasma
glucose (FBG), hemoglobin Alc (HbAlc), and self-
monitoring blood glucose profiles. The nurses drew 2
ml of blood into a tube containing sodium fluoride/
potassium oxalate (5mg/4mg) for FBG analysis and into
an EDTA tube for HbA1lc analysis. Plasma glucose was
measured based on the hexokinase method using Cobas
Integra (Roche diagnostic, Indianapolis, USA), with a
normal range of < 5.3 mmol/L for pregnant women [15].
HbAlc was measured based on the Bio-Rad Variant™
Il Haemoglobin A1C Program using ion-exchange
HPLC (Bio-Rad Laboratories Marnes-la- Coquette,
France). The normal range for HbAlc is <6.5%,
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following the target for diabetes treatment [15]. All
analyses were performed by a certified lab (BP
Healthcare, Selangor, Malaysia). Self-monitoring blood
glucose (SMBG) profiles is a routine procedure
conducted by the health clinics for women diagnosed
with GDM as part of the monitoring plan. The SMBG
profiles were performed using a finger pricked capillary
at four-time points, namely pre-breakfast (pre-
prandial), post-breakfast, post-lunch, and post-dinner.
These measurements were assessed either at the clinic
or self-performed at home. The results were recorded in
their antenatal book and verified by the nurses. The
recommended value for pre-prandial is < 5.3 mmol/L
and should be less than 6.7 mmol/L for post-meal
glucose [15].

Dietary Intake Assessments

Dietary intake was assessed using a diet history for the
past seven days. The diet history included usual meal
patterns, methods of food preparation, and frequency of
food consumption. Portion sizes were estimated using
standardised household measurements such as a cup,
teaspoon, and tablespoon. All foods were converted into
grams based on the standard household measurements
[18]. Nutrient analysis was carried out using the
DietPLUS software, including the analysis of dietary Gl
and GL [19]. Most cooked foods were available in the
database. For mixed foods that were not part of the
database, they were broken down into individual
ingredients or individual food items. Adequacy of
intake was compared with the Malaysian
Recommended Nutrient Intakes (RNI) [20].

Data Analyses

Data were analysed using IBM SPSS version 22.0
(Chicago, IL, USA) and a statistical level of p < 0.05
was considered significant. Descriptive statistics,
including means and standard deviations (SD), were
used to report sociodemographic characteristics and
nutritional status. The differences in characteristics
between those with and without NEd exposure before a
GDM diagnosis were compared using Independent T-
Test.

RESULTS

Respondents were in their 30s” with a mean gestation
week of 22.0 £ 3.4 weeks (Table 1). Majority of the
participants were employed (56.7%), attained tertiary
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education level (51.7%) and had a medium level of total
monthly household income between RM 3501 and RM
7500 (55.0%). About 26.7% (n = 16) of participants had
a history of GDM in their previous pregnancy. A small
proportion of the women had other pregnancy-related
complications including high blood pressure (6.7%, n =
4), anaemia (3.3%, n = 2) or inappropriate GWG target
(5%, n = 3).

Table 1 Nutritional status characteristics of women with GDM (n = 60)

Variables n % Mean + Normal
SD Values
Social-demographic
Age (years) 31.6+4.9
Gestational week 22+34
Occupation
Employed 34 56.7
Housewife 26 433
Education
Primary or below 1 1.7
Secondary 28 46.7
Tertiary 31 517
Monthly Household Income
Low (<RM3500) 19 317
Medium  (RM3501 - 33 55.0
RM7500)
High (>*RM7501) 8 133
History of GDM
Yes 16 26.7
No 44 733
Nutrition education exposure
Yes 17 283
No 43 717
Anthropometric
assessments
Height (cm) 156.6 +
6.4
Weight (kg) 733+
18.5
Pre-pregnancy BMI (kg/m?) 279+6.8
Underweight (< 18.5) 4 6.7
Normal (18.5 — 24.9) 18 300
Overweight (25.0 — 29.9) 16 26.7
Obese (> 30.0) 22 36.7
Rate of GWG (kg/week) 02+03
Total GWG (kg) 44+55
Blood Pressure
Systolic 1172+ 110 -
10.4 12919
Diastolic 70.1+9.0  65-799

Biochemical Data
%Fasting  blood  glucose

(15)
(mmol/L) (n = 57) 42+0.8 <53

aHbALc (%) (n = 57) 53+0.4 <6.519)
SMBG profiles (mmol/L)
Pre-breakfast 51+0.7 <5349
Post breakfast 59+12 <6.7%)
Post lunch 55+1.0 <6.7%)
Post dinner 56+1.1 <6.7%)

@Three other GDM women refused additional blood withdrawal for fasting
blood glucose and hbAlc

The mean pre-pregnancy weight was 73.3 =
18.5 kg, with a mean height of 156.6 + 6.4 cm. The
mean pre-pregnancy BMI was 27.9 + 6.8 kg/m? and
classified in the overweight category. A detailed
observation of the pre-pregnancy BMI category
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showed that the majority of the subjects were either
obese (36.7%) or overweight (26.7%). The rest of the
respondents were within the normal BMI (30%) and
underweight (6.7%) category. Regarding GWG, the
mean rate was 0.2 £ 0.3 kg/week, with a mean total
GWG of 4.3 £5.5 kg from the pre-pregnancy weight.
Blood glucose parameters and blood pressure were
within the normal range (Table 1).

The RNI of energy for the second trimester was
between 1890 and 1940 kcal/day (20). The mean energy
intake exceeded the RNI [20], with half of the
respondents (50%) exceeded the recommended intake
(Table 2). Only 1.7% of the respondents achieved the
RNI [20]. Similar results were also reflected in protein
intake, where only 1.7% achieved the RNI with the
majority (83.3%) have exceeded the recommended
intake. The respondents consumed adequate dietary
carbohydrates but slightly higher fat intake. The
proportion of sugar intake from total energy was more
than the recommended level of 10%, with 71.7% of
them having excessive sugar intake. Nevertheless, the
majority of them did not achieve the RNI for dietary
calcium and iron intake (Table 2).

Table 2 Food nutrition-related history of women with GDM (n = 60)

Energy and Mean+SD  RNI Proportion  Proportion
Nutrients Cut-off achieved exceeded
(20) RNI (20) RNI (20)
(%) (%)
Energy 2163 £ 820 1890 - 1.7 50
(kcal/day) 1940
Energy density
(keallkg) 308+13.3 NA NA NA
Carbohydrates 248.8 £
(g/day) 94.3 NA NA NA
% total energy 46.3+8.3 50 - 65 31.7 0
Protein (g/day) 91.9+35.7 60 1.7 83.3
% total energy 18.23+5.1 NA NA NA
Protein density 13406 NA NA NA
(9/kg)
Fat (g/day) 85.3+445 60-71 15.0 50
% total energy 355%6.5 25-30 16.7 76.7
Fibre (g) 176+6.2 20-30 36.3 33
9/1000 kcal 85+24 NA NA NA
Calcium (mg) 808.0 £ 1000 8.3 16.7
356.7
Iron (mg) 17.3+18.2 29 33 8.3
Sugars (g) 78.4+41.6 NA NA NA
% total energy 144+6.1 <10% 28.3 717
Dietary
glycaemic 60.5+9.2 NA NA NA
index
Dietary 150.8 +
glycaemic load 60.7 NA NA NA

RNI: Recommended Nutrient Intakes
NA: not available

This study showed that only 28.3% of
participants had the NEd exposure before a GDM
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diagnosis. Among them, almost all (94.1%) had
recurrent GDM (Table 3). Women with the NEd
exposure before a GDM diagnosis had significantly
lower pre-prandial blood glucose profiles, systolic
blood pressure, and the proportion of protein intake
from energy than those without the NEd exposure
(Table 3).

Table 3 Nutritional status between GDM women with and without prior nutrition
education

With prior Without p-value
. NEd prior NEd
Variables (n=17) (n=43)

Mean + SD Mean + SD

Social-demographic
History of GDM

Yes (n, %) 16, 94% 0, 0%

No (n, %) 1,6% 43, 100%
Anthropometric 28.2 4 6.6 277470
Assessments
Pre-pregnancy BMI (kg/m?) 0.823
Rate of GWG (kg/week) 0.1+0. 02+0.3 0.056
To_tal gestational weight 22442 53458 0.054
gain (kg)

Blood Pressure
Systolic 113.0+8.0 118.9+10.8 0.047°
Diastolic 675+75 721+9.3 0.076

Biochemical Data
aFasting blood glucose
(mmol/L)

With prior NEd (n=16): 43+0.6 42+08 0.713
without prior NEd (n=41)

aHbAlc (%)
With prior NEd (n=16); 53104 53+0.3 0.576
without prior NEd (n=41)

SMBG (mmol/L)
Pre-breakfast 48+05 52+0.7 0.049°
Post breakfast 57+13 59+1.1 0.510
Post lunch 54+1.0 55+1.0 0.620
Post dinner 54+1.1 56+1.0 0.468

Food Nutrition Related

Finding

Energy (kcal/day) 1893.9 + 2269.7 £ 0.110

765.9 824.2

Energy density (kcal/kg) 282+117 31.8+13.9 0.347

Carbohydrates (g/day) 218.0 £104.0 261.0+88.6 0.112
% total energy 451+7.4 46.8+8.7 0.475
Protein (g/day) 80.4 +20.6 96.5+39.4 0.043°
% total energy 18.18 4.7 18.26 £5.3 0.957
Protein density (g/kg) 1.2+04 1.4+07 0.223
Fat (g/day) 77.3+34.7 88.4+47.8 0.389
% total energy 36.4+5.2 352+7.0 0.536
Fibre (g) 151+52 18.6+6.3 0.050
/1000 kcal 84+24 86+25 0.851
Calcium (mg) 715.7 +335.8 844.5+361.9 0.210
Iron (mg) 121+7.0 19.3+20.8 0.169
Sugars () 69.8 +48.2 81.8+38.8 0.318
% total energy 138+6.6 146+6.0 0.669
Dietary glycaemic index 60.8+10.1 60.3+8.9 0.866
Dietary glycaemic load 135.0£70.8 157.1 +56.0 0.207

@Three other GDM women refused additional blood withdrawal for fasting
blood glucose and hbAlc

p-value: test between groups, "Significant at level p< 0.05, NEd: nutrition

education,

DISCUSSION

This study described the nutritional status
characteristics of women with GDM. Understanding
nutritional status characteristics facilitate the proper
delivery of MNT for women with GDM [12]. This study
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observed that more than half of the women with GDM
were either overweight or obese at the start of their
pregnancies. The findings concur with other studies
which reported that 65 — 75% of women with GDM
were either overweight or obese before pregnancy [9,
21]. Obese women are at a higher risk of developing
pregnancy complications, including GDM [21]. The
risk of GDM is increased by 1.3 — 3.8 times in obese
women compared to women of optimal BMI [22].
While maternal obesity is an issue in this sample of
GDM women, the rate and total GWG were within the
recommended range [17]. The optimal GWG is
contradicting with the excess energy intake observed in
50% of these women during their second trimester. The
excessive energy intake at the second trimester may
continue into the third trimester as their appetite
improve, which may then lead to excessive GWG.
Excessive GWG confers additional risk of large-for-
gestational-age  babies, macrosomia, gestational
hypertension, caesarean section, and low Apgar scores
in women with GDM [23].

A controlled-carbohydrate diet is a mainstay of
MNT in women with GDM. A study reported that
Malaysian women with GDM consumed more than
50% of energy from carbohydrates [9]. Although
women in this study had a lower proportion of
carbohydrates from energy intake than the previous
study, their sugar intake was nearly 15%, which was
higher than the 10% cut-off limit [20]. Besides, dietary
fats exceeded the recommended intake of 35% [20]. The
previous study observed an increased risk of GDM with
lower carbohydrate intake at the expense of a high-fat
diet [24]. A previous study on dietary health behaviours
of healthy Malaysian women reported 56% of energy
from carbohydrates, 15% of energy from protein and
26% of energy from fats [25]. Even though the
macronutrients intake was in line with the Malaysian
RNI for healthy women [20], the study reported low
healthy index scores in choices of specific food groups
[25].

Although the dietary sugar intake among GDM
women with prior self-reported NEd is lower than those
without prior NEd, the intake is still more than 10% of
the recommended intake. It is quite challenging for
them to control the intake of sugary foods and beverages
which could be related to their pregnancy condition
such as morning sickness and consistent cravings.
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However, it is essential to note that the association of
sugar, added sugar and sweetened beverages with GDM
are somewhat consistent [24, 26, 27, 28]. A high intake
of sugary foods and beverages are energy-densed that
lead to high energy intake and hence, contributing to
excessive GWG. Dietary Gl and GL were comparable
to another local study in patients with type 2 diabetes
[29]. Although there is no specific recommended or
requirement for dietary Gl and GL for pregnant women,
itis recommended to choose foods with low to moderate
Gl as a study has shown that a lower GI would provide
better response to postprandial glycaemic level
compared to foods high in GI [30]. We did not assess
dietary pattern. Nonetheless, it is believed that the diet
was relatively high in dietary Gl or GL due to the high
intake of white rice, a staple diet of Malaysians [31].
White rice is a high Gl food (Gl = 72) that produces
rapid digestion and absorption rates which lead to the
rapid increment in blood glucose level compared to low
Gl foods [32]. Together with low fibre intake, excessive
consumption of rapidly absorbable carbohydrates (high
Gl) in the form of added sugars may increase the level
of fasting blood glucose, and insulin resistance [24].

In this study, the proportion of dietary protein
from energy intake was relatively appropriate [20].
However, a majority of these women did not achieve the
RNI for dietary calcium and iron, which were also
reported in other studies [7, 27, 33]. Adequate iron and
calcium are critical for foetal development [34]. In this
context, high intake of sugar, which is usually high in
Gl, may be associated with lower micronutrient
adequacy in pregnant women, which was also observed
in a previous study [24]. It can be concluded that the
nutritional status of pregnant women with GDM may be
at risk of nutrient inadequacy and the risk may be
reduced by adding low GI intervention in the current
NEd as well as emphasize the importance of
micronutrient during pregnancy.

As previously mentioned, it is not a common
practice to provide nutrition education at early
pregnancy until GDM is diagnosed. In this regard, only
28.3% of the women reported that they had nutrition
education exposure before a GDM diagnosis. Among
them, almost all (94.1%) had a recurrent GDM. GDM
recurs in 30 — 69% of the women in their subsequent
pregnancies [36]. In the current setting, the exposure to
NEd among women with recurrent GDM was usually

Nutritional Status of GDM

obtained in their previous pregnancy in which, the
dietitian provided appropriate nutrition education based
on the MNT at the health clinics. Meanwhile, the newly
diagnosed GDM in this study was believed to have the
initiative to seek NEd through the internet, family
members, and healthcare professionals. About 50% of
women would seek additional information on managing
GDM after a GDM diagnosis [35].

Also, it is interesting to observe that women
with a self-reported NEd exposure before a GDM
diagnosis had better pre-prandial blood glucose
profiles, systolic blood pressure, and proportion of
protein from energy intake than those without the
exposure. In this study, women with a history of GDM
received adequate support for NEd. It would be
intriguing if similar modalities were extended from
early pregnancy to women who have a higher risk of
GDM, especially those with a history of GDM, to
reduce their risk of GDM. Although we observed more
than 90% of the women with previous GDM received
NEd, the adherence to nutrition is unknown. Thus,
continuous nutrition education and counselling are
necessary even for women with recurrent GDM to
ensure optimal glucose and pregnancy outcomes.
Adherence to dietary recommendations is a challenge,
suggesting for a long-term nutrition monitoring and
evaluation plan [36].

This study exerts both limitations and strengths
that are worth some considerations. The nutritional
supplements were not taken into consideration in the
dietary intake assessment. It is known that most
pregnant women were provided with an iron and folic
acid  supplementation. Hence, an additional
consideration is needed in assessing nutrient intakes.
This study has only accessed the self-reported NEd
before GDM diagnosis without obtaining information
on the proper content of the NEd received which
warrants further investigation. Besides, the data was not
sufficiently powered by the number of respondents who
were exposed to NEd before GDM diagnosis, which
limit the generalisation of the findings. It is worth
noting that this study used diet history for the past seven
days to obtain information about nutrients intake, which
may have reflected the actual dietary intake of GDM
women. Furthermore, with the limited data on the
nutritional status of GDM in Malaysia, this study holds
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the strength of describing more about GDM dietary
practices.

CONCLUSION

Suboptimal maternal nutritional status in GDM women
was evident, and the exposure to self-reported NEd
among GDM women was relatively low. Nonetheless,
for women with recurrent GDM, they had good
acceptance of NEd. Those with self-reported NEd
exposure had better parameters of nutritional status in
terms of pre-prandial blood glucose profiles, systolic
blood pressure and proportion of protein intake from
energy as compared to GDM women without prior NEd
exposure. Understanding the nutritional characteristics
of women with GDM can facilitate the delivery of
proper nutritional education in preventing maternal and
foetal complications. It is essential to provide early
nutrition education to those with recurrent GDM to
optimise their nutritional status.

Conflicts of Interest
Authors declare none.

Acknowledgement

We express our most profound gratitude to nurses and
doctors at selected health clinics in Hulu Langat District
for assistance and permission to collect the data. We
appreciate the fantastic GDM women who participated
in the study. We also thank the Ministry of Science,
Technology, and Innovation (MOSTI) of Malaysia for
funding this study (5450647) for the glycemic index
determination and Fundamental Research Grant
Scheme (FRGS 5540099) for the blood analyses.

REFERENCES

1. Grieger JA, Clifton VL. A review of the impact
of dietary intakes in human pregnancy on infant
birthweight. Nutrients, 2014; 7(1), 153 -78.
http://doi.org/10.3390/nu7010153

2. American Diabetes Association. 2. Classification
and Diagnosis of Diabetes:Standards of Medical
Care in Diabetes-2018. Diab Care 2018;
41(Suppl 1), S13-
S27.http://doi.org/10.2337/dc18-S002

3. Lowe LP, Metzger BE, Dyer AR, Lowe J,
McCance DR, Lappin TRJ. HAPO Study

Vol 4(2) (2019) 64-74 | jchs-medicine.uitm.edu.my | elSSN 0127-984X

https://doi.org/10.24191/jchs.v4i2.7511

10.

11.

Nutritional Status of GDM

Cooperative Research Group, for the H. S. C. R.
Hyperglycemia and Adverse Pregnancy Outcome
(HAPO) Study: associations of maternal A1C
and glucose with pregnancy outcomes. Diab Care
2012; 35(3), 574-80.
http://doi.org/10.2337/dc11-1687 367
Liu J, Xie X, Guo Y. Effects of health education
intervention at gestation period on pregnancy
outcome of diabetes mellitus patients. Biomed
Res 2017; 28(18), 7950-7954. 370
Nguyen CL, Pham NM, Binns CW, Van Duong
D, Lee AH. Prevalence of gestational diabetes
mellitus in eastern and south-eastern Asia: A
systematic review and meta-analysis. J Diabetes
Res 2018; Hindawi.
http://doi.org/10.1155/2018/6536974
Anand SS, Gupta M, Teo KK, Schulze KM,
Desai D, Abdalla N, Gerstein, H. Causes and
consequences of gestational diabetes in South
Asians living in Canada: results from a
prospective cohort study. CMAJ Open 2017;
5(3), E604-E611.
http://doi.org/10.9778/cmajo.20170027 377
Lim SY, Yoo HJ, Kim AL, Oh JA, Kim HS, Choi
YH, Yoon, KH. Nutritional Intake of Pregnant
Women with Gestational Diabetes or Type 2
Diabetes Mellitus. Clin Nutr Res 2013; 2(2), 81.
http://doi.org/10.7762/cnr.2013.2.2.81
Ouramdane R, Bereksi-reguig K, Abou-bakr, FA.
Nutritional Status of Diabetic Mothers and
Health of Newborns in Western Algeria. Food
and Nutrition Sciences 2015; 6(July), 854-859.
http://doi.org/10.4236/fns.2015.610089
Farhanah AS, Barakatun-Nisak MY, Zalilah MS,
Nor Azlin MI. Low- Glycaemic Index Diet to
Improve Dietary Intake among Women with
Gestational Diabetes Mellitus. Pertanika J Sci &
Technol 2017; 25, 31-42.
Kampan N, Azman H, Hafiz I, Mohammad H,
Yee CS, Ghani NAA, Abdullah ZM. Outcome of
pregnancy among Malaysian women with
diabetes mellitus - A single centre experience.
Malays J Pub Health Med 2013; 13(2), 1-10.
Farrar D, Simmonds M, Bryant M, Sheldon TA,
Tuffnell D, Golder S, Lawlor DA. Treatments for
gestational diabetes: A systematic review and
meta-analysis. BMJ Open 2017; British Medical
72



12.

13.

14.

15.

16.

17.

18.

19.

20.

Vol 4(2) (2019) 64-74 | jchs-medicine.uitm.edu.my | elSSN 0127-984X

Journal Publishing Group.
http://doi.org/10.1136/bmjopen-2016-015557
393

Morisset AS, Coté JA, Michaud A, Robitaille J,
Dubé M-C, Veillette J, Tchernof A. Dietary
Intakes in the Nutritional Management Of
Gestational Diabetes Mellitus. Can J Diet Pract
Res 2014; 75(2), 64-71.
http://doi.org/10.3148/75.2.2014.64397
Farhanah AS, Fatin Nasirah MD, Barakatun
Nisak MY, Nor Azlin Ml, Zalilah MS. Current
Dietetics Practices in the Management of
Gestational Diabetes Mellitus: A Survey of
Malaysian Dietitians. Asian J Clin Nutr 2014
6(3), 67-74.
http://doi.org/10.3923/ajcn.2014.67.74

Tieu Shepherd E, Middleton P, Crowther CA.
Interconception care for women with a history of
gestational diabetes for improving maternal and
infant outcomes. Cochrane Database Syst Rev
2017,
http://doi.org/10.1002/14651858.CD010211.pub
3405

Ministry of Health Malaysia. Management of
Diabetes in Pregnancy. Putrajaya: Ministry of
Health Malaysia. 2017.

World Health Organization. Physical status: the
use and interpretation of anthropometry. Report
of a WHO Expert Committee. World Health
Organization Technical Report Series, 854, 1—
452. 2017.

Institute of Medicine and National Research
Council. Weight Gain During Pregnancy:
Reexamining the Guidelines. (K. M. Rasmussen
& A. L. Yaktine, Eds.). Washington, 412 D.C.:
The National Academies Press. 2009.

Manaf ZA, Suzana S, Safii NS, Haron, H. Atlas
of Food Exchanges and Portion Sizes. Kuala
Lumpur: MDC Publisher Sdn Bhd. 2015.

Shyam S, Wai TNK, Arshad F. Adding
glycaemic index and glycaemic load
functionality to DietPLUS, a Malaysian food
composition database and diet intake calculator.
Asia Pac J Clin Nutr 2012; 21(2), 201-208.
National Coordinating Committee on Food and
Nutrition. Recommended Nutrient Intake for
Malaysia: A Report of the Technical Working

https://doi.org/10.24191/jchs.v4i2.7511

21.

22.

23.

24.

25.

26.

27.

28.

Nutritional Status of GDM

Group on Nutritional Guidelines. Putrajaya:
Ministry of Health Malaysia. 2015
Black MH, Sacks DA, Xiang AH, Lawrence JM.
Clinical outcomes of pregnancies complicated by
mild gestational diabetes mellitus differ by
combinations of abnormal oral glucose tolerance
test values. Diab Care 2010; 33(12), 2524-2530.
http://doi.org/10.2337/dc10-1445
Kim SY, Sappenfield W, Sharma AlJ, Wilson
HG, Bish CL, Salihu HM, England LJ.
Racial/ethnic differences in the prevalence of
gestational diabetes mellitus and maternal
overweight and obesity, by nativity, Florida,
2004-2007. Obesity 2013; 21(1), E33-E40.
http://doi.org/10.1002/0by.20025
Gante I, Amaral N, Dores J, Almeida MC. Impact
of gestational weight gain on obstetric and
neonatal outcomes in obese diabetic women.
BMC Pregnancy Childbirth 2015; 15(1), 249.
http://doi.org/10.1186/512884-015-0692-z
Ley SH, Hanley AJ, Retnakaran R, Sermer M,
Zinman B, O’Connor DL. Effect of
macronutrient intake during the second trimester
on glucose metabolism later in pregnancy. AmJ
Clin  Nutr  2011; 94(5), 1232-1240.
http://doi.org/10.3945/ajcn.111.018861
Karupaiah T, Swee WCS, Liew SY, Ng BK,
Chinna K. Dietary health behaviors of women
living in high rise dwellings: A case study of an
urban community in Malaysia. J Community
Health 2013; 38(1), 163-171.
https://doi.org/10.1007/s10900-012-9597-1
Chen L, Hu FB, Yeung E, Willett W, Zhang C.
Prospective study of pregravid sugar- sweetened
beverage consumption and the risk of gestational
diabetes mellitus. Diab Care 2009; 32(12),
2236-2241. http://doi.org/10.2337/dc09-0866
Moses RG, Brand-Miller JC. Dietary risk factors
for gestational diabetes mellitus: Are sugar-
sweetened soft drinks culpable or guilty by
association? Diab Care 2009; 32(12), 2314
2315. http://doi.org/10.2337/dc09-1640
Shin D, Lee KW, Song WO. Dietary patterns
during pregnancy are associated with risk of
gestational diabetes mellitus. Nutrients 2015;
7(11), 9369-9382.
http://doi.org/10.3390/nu7115472

73



29.

30.

31.

32.

Vol 4(2) (2019) 64-74 | jchs-medicine.uitm.edu.my | elSSN 0127-984X

Yusof BNM, Talib RA, Kamaruddin NA, Karim
NA, Chinna K, Gilbertson H. A low-GlI diet is
associated with a short-term improvement of
glycaemic control in Asian patients with type 2
diabetes. Diabetes Obes Metab 2009; 11(4), 387—
396. http://doi.org/10.1111/j.1463-
1326.2008.00984.

Louie JCY, Markovic TP, Perera N, Foote D,
Petocz P, Ross GP & Brand-Miller JC. A
Randomized Controlled Trial Investigating The
Effect of A Low-Glycemic Index Diet on
Pregnancy Outcomes in Gestational Diabetes
Mellitus. Diab Care 2011; 34, 2341-2346.
Norimah AK, Safiah M, Jamal K, Haslinda S,
Zuhaida H, Rohida S, Azmi MY. Food
Consumption Patterns: Findings from the
Malaysian Adult Nutrition Survey (MANS). Mal
J Nutr, 2008; 14(1), 25-39.

Osman NMH, Mohd-Yusof BN, Ismail A.
Estimating Glycemic Index of Rice-Based Mixed
Meals by Using Predicted and Adjusted

https://doi.org/10.24191/jchs.v4i2.7511

33.

34.

35.

36.

Nutritional Status of GDM

Formulae. Rice Science 2017; 24(5), 274-282.
http://doi.org/10.1016/J.RSCI.2017.06.001
Goletzke J, Buyken AE, Louie JCY, Moses RG,
Brand-Miller JC. Dietary micronutrient intake
during pregnancy is a function of carbohydrate
quality. Am J Clin Nutr 2015; 102(3), 626—632.
http://doi.org/10.3945/ajcn.114.104836

Berti C, Biesalski HK, Gartner R, Lapillonne A,
Pietrzik K, Poston L, Cetin |. Micronutrients in
pregnancy: Current knowledge and unresolved
questions. Clin  Nutr 2011; 30(6):689-701
http://doi.org/10.1016/j.cInu.2011.08.004
Shanshan H, Philippa FM, Tanya KB, Caroline
AC. Women’s Views on Their Diagnosis and
Management for Borderline Gestational Diabetes
Mellitus. J Diabetes Res. 2015; 2015, 1-9.
https://doi.org/10.1155/2015/209215.

Schwartz N, Nachum Z, Green MS. The
prevalence of gestational diabetes mellitus
recurrence - effect of ethnicity and parity: a meta-
analysis. Am J Obstet Gynecol. 2015; 213: 310—
317. http://doi.org/10.1016/j.aj0g.2015.03.011

74



