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Diet and lifestyle were consistently linked with gestational diabetes mellitus (GDM) 
over the year. With multiple interventions, nutritional policies and campaign the 
prevalence of GDM still accelerating over the year. This highlights the need of 
different dietary approach to prevent and manage this disease. The current study 
aimed to study the factors associated with GDM among pregnant women. In 
addition, other dietary factors such as body adiposity, dietary energy, 
macronutrients, micronutrients, diet quality as well as physical activity were also 
assessed in relation to GDM. This is a case control study conducted among 264 
samples (146 GDM subjects and 188 non GDM subjects) in selected health clinic 
in Klang Valley. A structure questionnaire was used to collect the data. The height 
and weight of study subjects were assessed to determine their body mass index. 
All the data was analysed using SPSS version 23. As age increases per year the 
probability to develop GDM increased by 15% among study subjects (AOR = 1.15, 
95% CI = 1.07 – 1.23, p < 0.001). Study subjects who were 30 years old and above 
were more likely to develop GDM more than two-fold (AOR = 2.60, 95% CI = 1.53 
– 4.43, p< 0.001). Compared to those with tertiary educational background 
(university), study subjects with secondary school background most likely to be 
diagnosed with GDM (AOR = 11.6, 95% CI = 4.40 – 30.9, p < 0.001) followed by 
those from high school/ college (AOR = 9.52, 95% CI = 3.90 – 23.2, p < 0.001). 
Compared to study subjects with lowest household income (< RM1000), those 
with higher household income (> RM 4000) were more likely to be diagnosed with 
GDM (AOR = 16.52, 95% CI = 3.30 – 82.71, p = 0.001). As BMI increases by 
1kg/m2 the probability to develop GDM increased by 9% among study subjects 
(AOR = 1.09, 95% CI = 1.01 – 1.18, p =0.030). Compared to study subjects with 
BMI below than 25.0kg/m2, those who were overweight or obese were twice more 
likely to be diagnosed with GDM (AOR = 2.10, 95% CI = 1.07-4.09, p = 0.029). As 
dietary energy increases per 1kcal the probability to develop GDM increased by 
46% among study subjects (COR = 1.46, 95% CI = 1.12- 1.90, p = 0.005). As 
carbohydrate consumption increases per 1g the probability to develop GDM 
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increased by 63% among study subjects (AOR = 1.63, 1.12 – 2.36, p = 0.011). As 
calorie from carbohydrate increases per 1kcal the probability to develop GDM 
increased by 48% among study subjects (AOR = 1.48, 95% CI = 1.04 – 2.12, p = 
0.031). As calories from protein and fat increases per 1kcal the probability to 
develop GDM reduced by 40% and 32% respectively among (AOR = 0.60, 95% 
CI = 0.42-0.85, p = 0.005 and AOR = 0.68, 95% CI = 0.48 – 0.97, p = 0.033). As 
calcium and saturated fat increases per 1mg and 1 g, the probability to develop 
GDM increased by 66% and 46% among study subjects (AOR = 1.66, 95% CI = 
1.09 – 2.52, p = 0.018 and AOR = 1.45, 95% CI = 1.01 - 2.09, p = 0.047). The 
highest tertile (T3) of PRAL showed a significant association with GDM among 
study subjects (COR = 2.11, 95% CI =1.15-3.86, p = 0.016). As the frequency of 
acidic diet intake per day increases by 1 unit the probability to develop GDM 
increased by 2.63 times among study subjects (AOR = 2.63, 95% CI = 1.66-4.15, 
p< 0.001). Adherence to acidic diet was more likely to increase the odds to be 
diagnosed with GDM among study subjects (AOR = 8.51, 95% CI = 3.95 – 18.3, 
p < 0.001). Study subjects who adhere to cereals, cereal products and tubers 
intake recommendation have an increased odd of GDM (AOR = 40.54, 95% CI = 
5.77 – 284.9, p < 0.001). Adherence to whole grain cereal intake recommendation 
significantly reduced the odd of GDM (AOR = 0.012, 95% CI = 0.001 – 0.20. p = 
0.002). On the other hand, adherence to legume and their products intake 
recommendation was significantly reduced the odd of GDM by 83% (AOR = 0.17, 
95% CI = 0.03, 0.81, p = 0.026). High diet quality (Q4) was found significantly 
reduced the odd of GDM by 75% (AOR = 0.25, 95% CI = 0.09 - 0.65, p = 0.004). 
Eight variables were selected against GDM among pregnant women as the 
important variables in the final model which were age, educational background, 
monthly household income, frequency of acidic diet intake per day, acidic diet 
adherence, calorie from protein, adherence to cereals, cereal products and tubers 
intake, and adherence to legume and their product. Hence, in preventing GDM 
among pregnant mother, nutritionists, dietitians, clinicians, ministries and policy 
makers can start a routine intervention by providing holistic support for those who 
have these associated factors to help them cope with these important factors and 
to improve the goal of achieving a good glucose level and other further 
complications. 
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Pemakanan dan gaya hidup dikaitkan secara konsisten dengan diabetes mellitus 
gestasi (GDM) selama bertahun-tahuan. Dengan pelbagai intervensi, dasar 
pemakanan dan kempen, kelaziman GDM masih meningkat setiap tahun. Ini 
menunjukkan keperluan pendekatan pemakanan yang berbeza untuk mencegah 
dan menguruskan penyakit ini. Kajian ini bertujuan untuk mengkaji perkaitan 
antara faktor- faktor dan GDM. Di samping itu, faktor-faktor seperti kegemukkan, 
tenaga, makronutrien, mikronutrien, pemakanan beracid dan beralkali, kualiti 
pemakanan serta aktiviti fizikal turut dinilai berhubung dengan GDM. Ini 
merupakan kajian kawalan kes yang dijalankan di kalangan 264 sampel (146 
subjek GDM dan 188 subjek bukan GDM) di klinik kesihatan terpilih di Lembah 
Klang. Soal selidik struktur digunakan untuk mengumpul data. Ketinggian dan 
berat subjek kajian dinilai untuk menentukan indeks jisim tubuh mereka. Semua 
data dianalisis menggunakan SPSS versi 23. Apabila umur meningkat setiap 
tahun kebarangkalian untuk mengembangkan GDM meningkat sebanyak 15% 
dalam kalangan subjek kajian (AOR = 1.15, 95% CI = 1.07 – 1.23, p < 0.001). 
Subjek kajian yang berumur 30 tahun dan ke atas lebih berkemungkinan 
menghidap GDM lebih daripada dua kali ganda (AOR = 2.60, 95% CI = 1.53 – 
4.43, p< 0.001) diikuti oleh mereka dari sekolah menengah/ kolej (AOR = 9.52, 
95% CI = 3.90 – 23.2, p < 0.001). Berbanding subjek kajian yang berpendapatan 
isi rumah terendah (< RM1000), mereka yang berpendapatan isi rumah lebih 
tinggi (> RM 4000) lebih berkemungkinan untuk didiagnosis dengan GDM (AOR 
= 16.52, 95% CI = 3.30 – 82.71, p = 0.001). Apabila BMI meningkat sebanyak 
1kg/m2 kebarangkalian untuk membangunkan GDM meningkat sebanyak 9% 
dalam kalangan subjek kajian (AOR = 1.09, 95% CI = 1.01 – 1.18, p =0.030). 
Berbanding dengan subjek kajian dengan BMI di bawah 25.0kg/m2, mereka yang 
berlebihan berat badan atau obes dua kali lebih berkemungkinan untuk 
didiagnosis dengan GDM (AOR = 2.10, 95% CI = 1.07-4.09, p = 0.029). Apabila 
tenaga pemakanan meningkat setiap 1kcal, kebarangkalian untuk 
membangunkan GDM meningkat sebanyak 46% dalam kalangan subjek kajian 
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(COR = 1.46, 95% CI = 1.12- 1.90, p = 0.005). Apabila penggunaan karbohidrat 
meningkat setiap 1g kebarangkalian untuk membangunkan GDM meningkat 
sebanyak 63% dalam kalangan subjek kajian (AOR = 1.63, 1.12 – 2.36, p = 0.011). 
Apabila kalori daripada karbohidrat meningkat setiap 1kcal, kebarangkalian untuk 
membangunkan GDM meningkat sebanyak 48% dalam kalangan subjek kajian 
(AOR = 1.48, 95% CI = 1.04 – 2.12, p = 0.031). Apabila peratusan kalori daripada 
protein dan lemak meningkat setiap 1%, kebarangkalian untuk membangunkan 
GDM berkurangan sebanyak 40% dan 32% masing-masing antara (AOR = 0.60, 
95% CI = 0.42-0.85, p = 0.005 dan AOR = 0.68, 95% CI = 0.48 – 95% CI = 0.48 
0.97, p = 0.033). Apabila kalsium dan lemak tepu meningkat setiap 1mg dan 1 
gram, kebarangkalian untuk membangunkan GDM meningkat sebanyak 66% dan 
46% dalam kalangan subjek kajian (AOR = 1.66, 95% CI = 1.09 – 2.52, p = 0.018 
dan AOR = 1.45, 95% CI = 1.01 - 2.09, p = 0.047). Tertil tertinggi (T3) PRAL 
menunjukkan perkaitan yang signifikan dengan GDM dalam kalangan subjek 
kajian (COR = 2.11, 95% CI =1.15-3.86, p = 0.016). Apabila kekerapan 
pengambilan diet berasid setiap hari meningkat sebanyak 1 unit, kebarangkalian 
untuk membangunkan GDM meningkat sebanyak 2.63 kali dalam kalangan 
subjek kajian (AOR = 2.63, 95% CI = 1.66-4.15, p< 0.001). Pematuhan kepada 
diet berasid lebih berkemungkinan meningkatkan kemungkinan untuk didiagnosis 
dengan GDM dalam kalangan subjek kajian (AOR = 8.51, 95% CI = 3.95 – 18.3, 
p < 0.001). Pematuhan kepada cadangan pengambilan bijirin bijirin penuh 
mengurangkan ganjil GDM (AOR = 0.012, 95% CI = 0.001 – 0.20. p = 0.002). 
Sebaliknya, pematuhan kepada kekacang dan cadangan pengambilan produk 
mereka telah mengurangkan ganjil GDM dengan ketara sebanyak 83% (AOR = 
0.17, 95% CI = 0.03, 0.81, p = 0.026). Kualiti diet tinggi (Q4) didapati secara 
signifikan mengurangkan ganjil GDM sebanyak 75% (AOR = 0.25, 95% CI = 0.09 
- 0.65, p = 0.004). Lapan pembolehubah telah dipilih terhadap GDM dalam
kalangan wanita hamil sebagai pembolehubah penting dalam model akhir iaitu
umur, latar belakang pendidikan, pendapatan isi rumah bulanan, kekerapan
pengambilan diet berasid sehari, pematuhan diet berasid, kalori daripada protein,
pematuhan kepada bijirin, produk bijirin. dan pengambilan ubi, dan pematuhan
kepada kekacang dan produknya. Oleh itu, dalam mencegah GDM dalam
kalangan ibu hamil, pegawai pemakanan, doktor, pegawai pemakanan,
kementerian, penggubal polisi boleh memulakan intervensi rutin dengan
menyediakan sokongan holistik bagi mereka yang mempunyai faktor berkaitan ini
untuk membantu mereka menghadapi faktor penting ini dan untuk meningkatkan
matlamat mencapai tahap glukosa yang baik dan mencegah komplikasi yang lain.
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CHAPTER 1 

1 INTRODUCTION 

1.1 Study Background 

‘International disaster’ is the term given by The International Diabetes Federation 
(IDF) to classify Diabetes Mellitus (DM) based on the consequences, impact and 
prevalence worldwide. Diabetes is a chronic disease characterized by 
hyperglycemia. It has already affected 387 million populations worldwide in 2014 
which is beyond the estimated number which is 300 million by 2025 as predicted 
by World Health Organization (World Health Organization, 2020). Type 1 
diabetes, Type 2 diabetes, and gestational diabetes are the most common 
classifications. Insulin resistance and a relative lack of insulin production 
characterise type 2 diabetes (T2DM). The absolute plasma insulin concentration 
(both fasting and meal-stimulated) normally is increased, yet "relative" to the 
intensity of insulin resistance, the plasma insulin concentration is insufficient to 
preserve normal glucose homeostasis. In most T2DM patients, insulin secretion 
ability deteriorates over time. Type 1 DM leads to an absolute deficit in beta-cell 
activity at most. Autoimmune destruction of beta-cells is a prevalent cause, 
however instances are nonetheless categorised as idiopathic. 

In recent years, hyperglycemia often occurs in pregnant women with a significant 
increase in the global prevalence of diabetes. This phenomenon provides a large 
amount of research data for studying the relationship between pregnancy and 
blood glucose. A systematic review shows that pregnant women with 
hyperglycemia during pregnancy have a higher risk of adverse pregnancy 
outcomes. Positive and correct treatment of gestational diabetes has a very 
large effect on reducing adverse birth outcomes (WHO 2013a.). Gestational 
diabetes mellitus (GDM) is any degree of glucose intolerance with onset or first 
recognition during pregnancy. Hyperglycemia in pregnancy may be suggested 
by the presence of glycosuria, a fetus that is large for date, or polyhydramnios. 
Overt diabetes mellitus may be found in women presenting with risk factors for 
type 2 diabetes during the first prenatal visit (before 13 weeks of gestation) and 
usually this will be identified as on set of GDM. Gestational diabetes is easily 
overlooked, but its complications and adverse effects on mothers and children 
are very serious. Nearly half of the women who have had GDM will develop type 
2 diabetes within 5-10 years (International Diabetes Federation, 2017).  

Gestational diabetes is associated with risk of macrosomia, birth injury, dystocia, 
obesity, and sustained impairment of glucose tolerance among infants born to 
mothers with gestational diabetes (Farahvar, Walfisch & Sheiner, 2019). 
Maternal carbohydrate intake is the main energy source for fetus growth and 
fetal macrosomia occurs when there is excessive maternal weight gain due to 
high glycaemic carbohydrate food intake (Filardi et al., 2019). The mainstay of 
nutritional management for hyperglycemia in DM care includes improve 
glycaemic control and pharmacological preparation but still unable to lower 
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glucose concentration to within normal range and restore a normal pattern of 
glucose homeostasis for longer period of time, not only that, many medical 
authors have note that diabetes medications carries increase risk of inflicting 
harm and injury by causing hypoglycemia (Bodai et al., 2018). 

Worldwide, GDM is a common metabolic disorder during pregnancy, whereby 
about 21.3 million of live births were affected by hyperglycemia and 
approximately 86.4% of the cases attributed to GDM (Dickens & Thomas, 2019). 
Among Asian countries, Malaysia reported a much higher prevalence of GDM 
(13.5%) compared to other Asian populations (2 – 7%) (World Health 
Organization, 2020). Prevalence of GDM appears to be high in South Asia and 
Southeast Asian women compared to African American, Caucasian and 
Hispanic women; prevalence rates are 3-21.2% in women with GDM who were 
born in Asian countries. Rates of fetal macrosomia are lower in South East Asian 
women than in American Caucasian women. Asian women with GDM have a 
higher incidence of abnormal postpartum glucose tolerance tests and risk of 
developing type 2 DM in the future is higher than in Anglo-European women 
(Yuen, Wong, & Simmons, 2018).Considering the magnitude of the problem and 
the multitude effects of GDM for both mother and child, the assessment risk 
factors associated with GDM is the crucial aspect to be assessed.  

In terms of healthy diet, there are many strategies that have been identified and 
implemented in prevention and management GDM. One of the aspects that also 
become current concern is by maintaining a healthy pH balance in the body 
which should be around 7, where the body should be moderately alkaline. The 
rationale here is that with proper nutrition and lifestyle it can be returned to 
normal and prevent the body from becoming more acidic than it should be, which 
leads to various diseases and disorders in the body (Akter et al., 2016; Ikizler et 
al., 2016). In the context of pregnant women, there are inconsistent finding 
relating acidic food intake and GDM risk which ranged from poor to moderate 
significant association (Saraf-Bank et al., 2018) as well as with risk of diabetes 
as overall (Abshirini et al., 2019; Fagherazzi et al., 2014). Maintaining an optimal 
body pH not only essential for the mother but also for the baby. The fetus is 
extremely sensitive to changes in pH, and mothers’ body pH changes throughout 
pregnancy, and pH imbalance underlies infertility and pregnancy complications 
(such as nausea/vomiting, heartburn, and swelling) (Akter et al., 2016; Ikizler et 
al., 2016).     

The frequency of GDM is a function of multiple characteristics pertaining to diet, 
lifestyle, genetics, and the idiosyncrasies of an individual pregnancy; it also 
reflects the frequency of type 2 diabetes mellitus (T2DM) in the population as a 
whole. Established risk factors for GDM include ethnicity, obesity, and family 
history of diabetes (Farahvar, Walfisch & Sheiner, 2019). Body weight status is 
the main risk factor associated with increased odds of mother to develop GDM. 
High rates of gestational weight gain, especially early in pregnancy, may 
increase a woman's risk of GDM. Gestational weight gain during early pregnancy 
may represent a modifiable risk factor for GDM and needs more attention from 
health care providers (Kurtzhals et al., 2018). However, body weight is also 
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influenced by dietary intake and lifestyle factors which are also independent of 
GDM development among pregnant women. Therefore, an analytical study is 
needed to identify the individual risk factors and their odds in developing GDM 
for a better prevention strategy.  

1.2 Problem statements  

Diabetes is associated with a wide variety of harmful health complications 
especially during pregnancy. Gestational diabetes has two categories which are 
pre-gestational associated with Insulin dependent diabetes or Non-insulin 
dependent diabetes. Gestational diabetes mellitus (GDM) extends to increased 
risk of developing diabetes. GDM is a clinical disorder of the metabolic states 
during pregnancy. Current management methods have not yielded any benefit 
in eliminating the disorder, this is proven by increasing incidence in the data 
obtained from the National Obstetric Registration hospitals in Malaysia (Amarra 
et al., 2021). Therefore, rather than management, it is important to identify the 
risk factor that may contribute to the development of GDM for early prevention, 
treatment as well as for better prognosis.  

Even though strict glycaemic control on randomized controlled trials have shown 
improvement and reduce the complications of GDM (Crowther et al.,2005; 
Landon et al.,2009), but still the development of GDM and its limited availability 
of treatment are challenging to predict precisely because most often GDM is 
diagnosed in the last trimester of pregnancy rather than early pregnancy. 
Therefore, for an early detection of GDM, modifiable risk factors such as diet, 
gestational weight gain, or physical activity, associated with GDM development 
need to be assessed despite the non-modifiable risk factors such as age, 
ethnicity, genetic or family history of GDM. 

The effects of diet quality predominately on alkaline ash diets have been studied 
for its potential benefit to reduce hyperglycemia by correcting the acid base 
imbalance among non-insulin dependent diabetes mellitus patients (Akter et al., 
2016; Ikizler et al., 2016). On the other hand, an acidic ash diet was associated 
with many health consequences not limited to diabetes. However, the effect of 
these types of diets is yet to be assessed comprehensively among GDM. These 
may be not only benefitting the mother, but also the foetus as the alkaline ash 
diet consists of many healthy foods and is rich in vitamins and minerals 
especially with higher intake of fruits and vegetables. A study conducted in Iran 
higher reported that dietary acidic load was associated with an increased risk of 
GDM by more than 9-fold (Saraf-Bank et al., 2018). However, to date no 
literature has studied in detail on these diets in predicting the risk of GDM 
especially in Malaysia. 

Even though diet patterns were identified to have a better prediction of any 
health outcomes, the individual nutrients and total energy contribution towards 
the development of GDM is still under discussion. Since food is made up of a 
variety of nutrients, vitamins and minerals, it is important to identify which 
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nutrients act as predictors affecting the odds of GDM development. In addition, 
the main principle of dietary intake which is the quality of diet should not be 
neglected. It is important to assess the adherence to the Malaysian dietary 
guideline (MDG, 2020) to ensure sufficient nutrients were consumed by the 
mother for better foetal growth. 

An optimal health of the pregnant mother not only merely depends on their diet, 
but also on their lifestyle. Lifestyle factors that may deteriorate the mothers’ and 
foetal health need to be identified and intervene as a primary target. Smoking 
and alcohol consumption among pregnant mothers are the most detrimental 
habit to both mother and infant; however, the prevalence of smoking and alcohol 
consumption was very low even to nil during pregnancy, even though the mother 
had reported previous smoking or alcohol consumption habits. However, another 
lifestyle factor that needs to be advocated to pregnant women is to be physically 
active. Unlike normal people, pregnant women are less likely to exercise 
vigorously or engage with sports, yet they need to stay active. Therefore, it is 
important to assess the physical activity level of pregnant mothers and the risk 
of GDM.  

Body weight status, dietary pattern and intake as well as physical activity are the 
modifiable risk factors that have been found protective towards many health 
outcomes and may have similar protective effects towards GDM (Kurtzhals et 
al., 2018; Yong et al., 2020). Therefore, an analytical cross-sectional study was 
conducted in selected health clinics in Klang Valley to determine the association 
of acidic ash and alkaline ash diet, diet intake and quality, body weight status 
and physical activity with GDM among pregnant mothers. The novelty of this 
study is that a new multi-risk factor model can be identified in GDM risk 
assessment. New knowledge particularly on the association of acidic ash and 
alkaline ash diet with GDM can be generated after controlling multiple 
confounding factors.  Based on the problems and research gaps identified above 
several research questions were deduced as follows:  
 

i. Are there any differences in socio-economic background, 
anthropometry measurement, dietary factors and physical activity 
between GDM and non-GDM pregnant women? 

ii. Are socio-economic background, anthropometry measurement, 
dietary factors and physical activity associated with increased odds of 
GDM? 

iii. Do socio-economic background, anthropometry measurement, dietary 
factors and physical activity form a predictive model for GDM? 
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1.3 Research objectives 

1.3.1 General objective 

To compare the influence of acidic and alkaline ash food consumption and 
nutritional factors between gestational diabetes mellitus (GDM) and non-GDM 
pregnant women in Klang valley, Malaysia 

1.3.2 Specific objectives 

1. To determine and compare the following factors between GDM and 
non-GDM pregnant women. 
 

i. Socio-economic background 

ii. Anthropometry measurements 

• Pre-pregnancy body mass index 
• Body mass index 
• Gestational weight gain 

 

iii. Dietary factors  

• dietary energy consumption 
• macronutrients consumption 
• micronutrients consumption 
• acidic and alkaline ash diet consumption 
• diet quality 

 

iv. Physical activity 
 

2. To compared the associations of socio-economic background, 
anthropometry measurement, dietary factors and physical activity 
between GDM and non-GDM pregnant women. 
 

3. To construct a predictive model of GDM among pregnant women. 
 
 
1.4 Research hypotheses 

There is a significant differences between gestational diabetes mellitus and non-
gestational diabetes mellitus pregnant women on these factors:  
 

i. Socio-economic background 

ii. Anthropometry measurements 

• Pre-pregnancy body mass index 
• Body mass index 
• Gestational weight gain 
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iii. Dietary  factors  

• dietary energy consumption 
• macronutrients consumption 
• micronutrients consumption 
• acidic and alkaline ash diet consumption 
• diet quality 

 

iv. Physical activity 
 
 
1.5 Conceptual framework of the study 

Age, ethnicity, and other socio-demographic factors were found significantly 
associated with GDM. Acidic Ash diets consist of meat, refined grain, sugary and 
processed food, while alkaline ash diets mainly consist of vegetables, fruits and 
whole grains. Individually many literatures have found significant effects towards 
diabetes mellitus; yet the consumption of these foods in combination was not 
widely assessed in diabetes mellitus as well as GDM.  

Individual nutrient consumption as well as total dietary intake were identified as 
risk factors of diabetes mellitus among adults, but limited studies are available 
for GDM. The adherence to dietary guidelines is an indicator of diet quality that 
was found to be associated with many health benefits to the targeted population, 
yet the effect towards GDM is yet to be assessed. Pregnant women were 
encouraged to be active as it is protective towards many health consequences, 
but the effect to total physical activity intensity against GDM are yet to be studied. 
The association between the identified factors were shown in the conceptual 
framework in figure 1.1. This conceptual framework will be used and tested for 
the predictive model of GDM. 
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Independent variables             Dependent variable 

 
 

Figure 1.1 : Research Conceptual framework 
 

Socio-economic background 

Age,  

Gender 

Ethnicity,  

Education background 

Month income 

Parity 

Anthropometry assessments 
 

Pre-pregnancy body mass 
index 

Body mass index 

Gestational weight gain 

Dietary factors 

Dietary energy consumption 

Macronutrients consumption 

Micronutrients consumption 

Acidic and alkaline ash diet 

consumption diet quality 

  

GESTATIONAL 

DIABETES 

MELLITUS 

(GDM) 

 

Physical activity 



© C
OPYRIG

HT U
PM

 
87 

7 REFERENCES 

Abshirini, M., Bagheri, F., Mahaki, B., Siassi, F., Koohdani, F., Safabakhsh, M., 
& Sotoudeh, G. (2019). The dietary acid load is higher in subjects with 
prediabetes who are at greater risk of diabetes: a case-control 
study. Diabetology & metabolic syndrome, 11(1), 1-8. 

Akter, S., Eguchi, M., Kuwahara, K., Kochi, T., Ito, R., Kurotani, K., ... & Mizoue, 
T. (2016). High dietary acid load is associated with insulin resistance: The 
Furukawa Nutrition and Health Study. Clinical Nutrition, 35(2), 453-459. 

Allen, L., De Benoist, B., Dary, O., & Hurrell, R. (2013). Guidelines on food 
fortification with micronutrients. Geneva: World Health Organization 
(WHO) and Rome: Food and Agriculture Organization (FAO); 2006. 

Anjana, R. M., Sudha, V., Lakshmipriya, N., Anitha, C., Unnikrishnan, R., 
Bhavadharini, B., … Mohan, V. (2016). Physical activity patterns and 
gestational diabetes outcomes - The wings project. Diabetes Research 
and Clinical Practice, 116, 253–262. 
https://doi.org/10.1016/j.diabres.2016.04.041 

Asemi, Z., Karamali, M., & Esmaillzadeh, A. (2014). Effects of calcium–vitamin 
D co-supplementation on glycaemic control, inflammation and oxidative 
stress in gestational diabetes: a randomised placebo-controlled 
trial. Diabetologia, 57(9), 1798-1806. 

Aslam, F., Abd Aziz, K. H., Jamani, N. A., & Rus, R. M. (2021). Level Of Physical 
Activity And It’s Associated Factors Among Pregnant Women During 
Pregnancy. International Journal Of Allied Health Sciences, 5(1), 2108-
2108. 

Babu, G. R., Deepa, R., Lewis, M. G., Lobo, E., Krishnan, A., Ana, Y., ... & 
Murthy, G. V. S. (2019). Do gestational obesity and gestational diabetes 
have an independent effect on neonatal adiposity? Results of mediation 
analysis from a cohort study in South India. Clinical epidemiology, 11, 
1067. 

Bélanger, M., Dugas, C., Perron, J., Ruchat, S. M., Weisnagel, S. J., Marc, I., ... 
& Robitaille, J. (2019). Association between lifestyle habits and adiposity 
values among children exposed and unexposed to gestational diabetes 
mellitus in utero. Diabetes & Metabolic Syndrome: Clinical Research & 
Reviews, 13(5), 2947-2952. 

Clinical Practice Guidelines (2015), Management of Type 2 Diabetes Mellitus 
(5th Edition). MOH/P/PAK/303.15(GU). Available at 
http://www.moh.gov.my. 

do Nascimento, G. R., Borges, M. D. C., Figueiroa, J. N., Alves, L. V., & Alves, 
J. G. (2019). Physical activity pattern in early pregnancy and gestational 
diabetes mellitus risk among low-income women: A prospective cross-
sectional study. SAGE open medicine, 7, 2050312119875922. 

http://www.moh.gov.my/


© C
OPYRIG

HT U
PM

 
88 

do Nascimento, G. R., Borges, M. do C., Figueiroa, J. N., Alves, L. V., & Alves, 
J. G. (2019). Physical activity pattern in early pregnancy and gestational 
diabetes mellitus risk among low-income women: A prospective cross-
sectional study. SAGE Open Medicine, 7, 205031211987592. 
https://doi.org/10.1177/2050312119875922 

Dong, H., Sun, H., Cai, C., Pang, X., Bai, D., Lan, X., ... & Zeng, G. (2021). A 
low-carbohydrate dietary pattern characterised by high animal fat and 
protein during the first trimester is associated with an increased risk of 
gestational diabetes mellitus in Chinese women: A prospective cohort 
study. British Journal of Nutrition, 1-22. 

Du, H. Y., Jiang, H., Karmin, O., Chen, B., Xu, L. J., Liu, S. P., … Qian, X. (2017). 
Association of Dietary Pattern during Pregnancy and Gestational Diabetes 
Mellitus: A Prospective Cohort Study in Northern China. Biomedical and 
Environmental Sciences, 30(12), 887–897. 
https://doi.org/10.3967/bes2017.119 

Dupont, W. D., & Plummer Jr, W. D. (1998). Power and sample size calculations 
for studies involving linear regression. Controlled clinical trials, 19(6), 589-
601. 

Eades, C. E., Cameron, D. M., & Evans, J. M. (2017). Prevalence of gestational 
diabetes mellitus in Europe: a meta-analysis. Diabetes research and 
clinical practice, 129, 173-181. 

Ede, G., KОskin, U., & Samur, G. (2018). Is there any effect of maternal dietary 
acid load during pregnancy on arising gestational diabetes mellitus? 
Journal of Pediatric Gastroenterology and Nutrition, 66(2):932 

El Sagheer, G. M., & Hamdi, L. (2018). Prevalence and risk factors for 
gestational diabetes mellitus according to the Diabetes in Pregnancy 
Study Group India in comparison to International Association of the 
Diabetes and Pregnancy Study Groups in El-Minya, Egypt. The Egyptian 
Journal of Internal Medicine, 30, 131–139. 
https://doi.org/10.4103/ejim.ejim_11_18 

Fagherazzi, G., Vilier, A., Bonnet, F., Lajous, M., Balkau, B., Boutron-Ruault, M. 
C., & Clavel-Chapelon, F. (2014). Dietary acid load and risk of type 2 
diabetes: the E3N-EPIC cohort study. Diabetologia, 57(2), 313-320. 

Ferrara, A. (2007). Increasing prevalence of gestational diabetes mellitus: A 
public health perspective. Diabetes Care, 30(SUPPL. 2), S141–S146. 
https://doi.org/10.2337/dc07-s206 

Fong, A., Serra, A., Herrero, T., Pan, D., & Ogunyemi, D. (2014). Pre-gestational 
versus gestational diabetes: a population based study on clinical and 
demographic differences. Journal of Diabetes and its 
Complications, 28(1), 29-34. 

 



© C
OPYRIG

HT U
PM

 
89 

Ganeshan, M., Soelar, S. A., Stat, B. I., Karalasingam, S. D., O&G, M. M. E. D., 
Bujang, M. A., ... & Suharjono, H. (2017). Effectiveness of selective risk 
based screening for Gestational Diabetes (GDM) in Malaysia: A 
retrospective cohort study based on the National Obstetric Registry (NOR) 
of Malaysia. Medical Journal of Malaysia, 72(1), 46-49. 

Hassan, F., Ching, S. M., Ling, P. C., Jaffar, N., & Lee, K. W. A (2019) Clinical 
Audit of the Process of Care for Women with Gestational Diabetes Mellitus 
in a Malaysian Public Polyclinic. Mal J Med Health Sci 15(2): 69-76 

Hassan, F., Ching, S. M., Ling, P. C., Jaffar, N., & Lee, K. W. A (2019) Clinical 
Audit of the Process of Care for Women with Gestational Diabetes Mellitus 
in a Malaysian Public Polyclinic. Mal J Med Health Sci 15(2): 69-76 

Idris, N., Hatikah, C. C., Murizah, M. Z., & Rushdan, M. N. (2009). Universal 
versus selective screening for detection of gestational diabetes mellitus in 
a Malaysian population. Malaysian family physician: the official journal of 
the Academy of Family Physicians of Malaysia, 4(2-3), 83. 

Ikizler, H. O., Zelnick, L., Ruzinski, J., Curtin, L., Utzschneider, K. M., 
Kestenbaum, B., ... & de Boer, I. H. (2016). Dietary acid load is associated 
with serum bicarbonate but not insulin sensitivity in chronic kidney 
disease. Journal of Renal Nutrition, 26(2), 93-102. 

International Diabetes Federation (2019). IDF Diabetes Atlas. 9th ed. [Online] 
Available From; 
https://www.diabetesatlas.org/upload/resources/2019/IDF_Atlas_9th_Edi
tion_2019.pdf. Assessed on 1 May 2021. 

Itkonen, S. T., Andersen, R., Björk, A. K., Brugård Konde, Å., Eneroth, H., 
Erkkola, M., ... & Lamberg-Allardt, C. J. (2020). Vitamin D status and 
current policies to achieve adequate vitamin D intake in the Nordic 
countries. Scandinavian journal of public health, 1403494819896878. 

Jamilian, M., Mirhosseini, N., Eslahi, M., Bahmani, F., Shokrpour, M., Chamani, 
M., & Asemi, Z. (2019). The effects of magnesium-zinc-calcium-vitamin D 
co-supplementation on biomarkers of inflammation, oxidative stress and 
pregnancy outcomes in gestational diabetes. BMC pregnancy and 
childbirth, 19(1), 107. 

Juan, J., & Yang, H. (2020). Prevalence, Prevention, and Lifestyle Intervention 
of Gestational Diabetes Mellitus in China. International Journal of 
Environmental Research and Public Health, 17(24), 9517. 

Kurtzhals, L. L., Nørgaard, S. K., Secher, A. L., Nichum, V. L., Ronneby, H., 
Tabor, A., ... & Mathiesen, E. R. (2018). The impact of restricted 
gestational weight gain by dietary intervention on fetal growth in women 
with gestational diabetes mellitus. Diabetologia, 61(12), 2528-2538. 

 

https://www.diabetesatlas.org/upload/resources/2019/IDF_Atlas_9th_Edition_2019.pdf
https://www.diabetesatlas.org/upload/resources/2019/IDF_Atlas_9th_Edition_2019.pdf


© C
OPYRIG

HT U
PM

 
90 

Lee, K. W., Ching, S. M., Hoo, F. K., Ramachandran, V., Chong, S. C., Tusimin, 
M., ... & Devaraj, N. K. (2020). Factors associated with poor-to-moderate 
quality of life among pregnant women with gestational diabetes mellitus: a 
cross-sectional study in Malaysia. Quality of Life Research, 29(10), 2725-
2736. 

Lee, K. W., Ching, S. M., Ramachandran, V., Yee, A., Hoo, F. K., Chia, Y. C., ... 
& Veettil, S. K. (2018). Prevalence and risk factors of gestational diabetes 
mellitus in Asia: a systematic review and meta-analysis. BMC pregnancy 
and childbirth, 18(1), 1-20. 

Lee, K. W., Ching, S. M., Ramachandran, V., Yee, A., Hoo, F. K., Chia, Y. C., ... 
& Veettil, S. K. (2018). Prevalence and risk factors of gestational diabetes 
mellitus in Asia: a systematic review and meta-analysis. BMC pregnancy 
and childbirth, 18(1), 1-20. 

Leech, J. (2019). The Alkaline Diet: An Evidence-Based Review. Available at 
https://www.healthline.com/nutrition/the-alkaline-diet-
myth#:~:text=Acidic%3A%20meat%2C%20poultry%2C%20fish,%2C%2
0nuts%2C%20legumes%2C%20and%20vegetables. Assessed on 2nd 
January 2021. 

Leng, J., Liu, G., Zhang, C., Xin, S., Chen, F., Li, B., … Yang, X. (2016). Physical 
activity, sedentary behaviors and risk of gestational diabetes mellitus: A 
population-based cross-sectional study in Tianjin, China. European 
Journal of Endocrinology, 174(6), 763–773. https://doi.org/10.1530/EJE-
15-1103 

Maalouf, N. M., Cameron, M. A., Moe, O. W., & Sakhaee, K. (2010). Metabolic 
basis for low urine pH in type 2 diabetes. Clinical Journal of the American 
Society of Nephrology, 5(7), 1277-1281. 

Marangoni, F., Cetin, I., Verduci, E., Canzone, G., Giovannini, M., Scollo, P., ... 
& Poli, A. (2016). Maternal diet and nutrient requirements in pregnancy 
and breastfeeding. An Italian consensus document. Nutrients, 8(10), 629. 

Moses, R. G., Shand, J. L., & Tapsell, L. C. (1997). The recurrence of gestational 
diabetes: Could dietary differences in fat intake be an explanation? 
Diabetes Care, 20(11), 1647–1650. 
https://doi.org/10.2337/diacare.20.11.1647 

Muche, A. A., Olayemi, O. O., & Gete, Y. K. (2019). Prevalence of gestational 
diabetes mellitus and associated factors among women attending 
antenatal care at Gondar town public health facilities, Northwest Ethiopia. 
BMC Pregnancy and Childbirth, 19(1), 334. 
https://doi.org/10.1186/s12884-019-2492-3 

 

 

https://www.healthline.com/nutrition/the-alkaline-diet-myth#:~:text=Acidic%3A%20meat%2C%20poultry%2C%20fish,%2C%20nuts%2C%20legumes%2C%20and%20vegetables
https://www.healthline.com/nutrition/the-alkaline-diet-myth#:~:text=Acidic%3A%20meat%2C%20poultry%2C%20fish,%2C%20nuts%2C%20legumes%2C%20and%20vegetables
https://www.healthline.com/nutrition/the-alkaline-diet-myth#:~:text=Acidic%3A%20meat%2C%20poultry%2C%20fish,%2C%20nuts%2C%20legumes%2C%20and%20vegetables


© C
OPYRIG

HT U
PM

 
91 

Muche, A. A., Olayemi, O. O., & Gete, Y. K. (2019). Prevalence of gestational 
diabetes mellitus and associated factors among women attending 
antenatal care at Gondar town public health facilities, Northwest Ethiopia. 
BMC Pregnancy and Childbirth, 19(1), 334. 
https://doi.org/10.1186/s12884-019-2492-3 

Mwanri, A. W., Kinabo, J., Ramaiya, K., & Feskens, E. J. (2015). Gestational 
diabetes mellitus in sub‐Saharan Africa: systematic review and 
metaregression on prevalence and risk factors. Tropical Medicine & 
International Health, 20(8), 983-1002. 

National Institute for Health and Clinical Excellence (NICE) (2017). Diabetes in 
pregnancy: management from preconception to the postnatal period. 
Available at: https://www.nice.org.uk/guidance/ng3.  

Nelson, S. M., Matthews, P., & Poston, L. (2009, December 4). Maternal 
metabolism and obesity: Modifiable determinants of pregnancy outcome. 
Human Reproduction Update. Oxford Academic. 
https://doi.org/10.1093/humupd/dmp050 

Nelson, S. M., Matthews, P., & Poston, L. (2009, December 4). Maternal 
metabolism and obesity: Modifiable determinants of pregnancy outcome. 
Human Reproduction Update. Oxford Academic. 
https://doi.org/10.1093/humupd/dmp050 

Nguyen, C. L., Pham, N. M., Binns, C. W., Duong, D. V., & Lee, A. H. (2018). 
Prevalence of gestational diabetes mellitus in eastern and southeastern 
Asia: a systematic review and meta-analysis. Journal of diabetes 
research, 2018. 

Nohan, A. F., Adznam, S. N. A., Jamaluddin, R., & Norazman, C. W. (2020). Diet 
quality and its associated factors among community dwelling older adults 
in urban district in Kuala Lumpur, Malaysia. Malays. J. Med. Health 
Sci, 16, 153-162. 

Norimah Jr, A. K., Safiah, M., Jamal, K., Haslinda, S., Zuhaida, H., Rohida, S., 
... & Azmi, M. Y. (2008). Food Consumption Patterns: Findings from the 
Malaysian Adult Nutrition Survey (MANS). Malaysian Journal of 
Nutrition, 14(1), 25-39. 

O’Malley, E. G., Reynolds, C. M., Killalea, A., O’Kelly, R., Sheehan, S. R., & 
Turner, M. J. (2020). Maternal obesity and dyslipidemia associated with 
gestational diabetes mellitus (GDM). European Journal of Obstetrics & 
Gynecology and Reproductive Biology, 246, 67-71. 

Oppong, S. A., Ntumy, M. Y., Amoakoh-Coleman, M., Ogum-Alangea, D., & 
Modey-Amoah, E. (2015). Gestational diabetes mellitus among women 
attending prenatal care at Korle-Bu Teaching Hospital, Accra, Ghana. 
International Journal of Gynecology & Obstetrics, 131(3), 246–250. 
https://doi.org/10.1016/j.ijgo.2015.05.029 



© C
OPYRIG

HT U
PM

 
92 

Oppong, S. A., Ntumy, M. Y., Amoakoh-Coleman, M., Ogum-Alangea, D., & 
Modey-Amoah, E. (2015). Gestational diabetes mellitus among women 
attending prenatal care at Korle-Bu Teaching Hospital, Accra, Ghana. 
International Journal of Gynecology & Obstetrics, 131(3), 246–250. 
https://doi.org/10.1016/j.ijgo.2015.05.029 

Park, Y. M. M., Steck, S. E., Fung, T. T., Merchant, A. T., Elizabeth Hodgson, 
M., Keller, J. A., & Sandler, D. P. (2019). Higher diet‐dependent acid load 
is associated with risk of breast cancer: findings from the sister 
study. International journal of cancer, 144(8), 1834-1843. 

Parsons, J., Sparrow, K., Ismail, K., Hunt, K., Rogers, H., & Forbes, A. (2018). 
Experiences of gestational diabetes and gestational diabetes care: a focus 
group and interview study. BMC pregnancy and childbirth, 18(1), 1-12. 

Passey, C. (2017). Reducing the dietary acid load: how a more alkaline diet 
benefits patients with chronic kidney disease. Journal of Renal 
Nutrition, 27(3), 151-160. 

Rasmussen, K. M., & Yaktine, A. L. Commitee to Re-examine IOM Pregnancy 
Weight Guidelines, Institue of Medicine, National Research 
Council.(2009). Weight gain during pregnancy: Reexamining the 
guidelines. 

Rasmussen, L., Poulsen, C. W., Kampmann, U., Smedegaard, S. B., Ovesen, 
P. G., & Fuglsang, J. (2020). Diet and healthy lifestyle in the management 
of gestational diabetes mellitus. Nutrients, 12(10), 3050. 

Sandu, C., Bica, C., Salmen, T., Stoica, R., Bohiltea, R., Gherghiceanu, F., ... & 
Stoian, A. P. (2021). Gestational diabetes-modern management and 
therapeutic approach. Experimental and Therapeutic Medicine, 21(1), 1-
1. 

Saraf-Bank, S., Tehrani, H., Haghighatdoost, F., Moosavian, S. P., & Azadbakht, 
L. (2018). The acidity of early pregnancy diet and risk of gestational 
diabetes mellitus. Clinical Nutrition, 37(6), 2054-2059. 

Sedgwick, P. (2013). Convenience sampling. Bmj, 347. 

Tan, P. C., Ling, L. P., & Omar, S. Z. (2007). Screening for gestational diabetes 
at antenatal booking in a Malaysian university hospital: The role of risk 
factors and threshold value for the 50‐g glucose challenge test. Australian 
and New Zealand journal of obstetrics and gynaecology, 47(3), 191-197. 

Tee, E. S., Mohd Ismail, N., Mohd Nasir, A., & Khatijah, I. (1997). Nutrirnt 
composition of Malaysian Foods Institute for Medical Research. Kuala 
Lumpur. 

Tryggvadottir, E. A., Medek, H., Birgisdottir, B. E., Geirsson, R. T., & 
Gunnarsdottir, I. (2016). Association between healthy maternal dietary 
pattern and risk for gestational diabetes mellitus. European Journal of 
Clinical Nutrition, 70(2), 237–242. https://doi.org/10.1038/ejcn.2015.145 



© C
OPYRIG

HT U
PM

 
93 

Tryggvadottir, E. A., Medek, H., Birgisdottir, B. E., Geirsson, R. T., & 
Gunnarsdottir, I. (2016). Association between healthy maternal dietary 
pattern and risk for gestational diabetes mellitus. European Journal of 
Clinical Nutrition, 70(2), 237–242. https://doi.org/10.1038/ejcn.2015.145 

van Poppel, M. N., Simmons, D., Devlieger, R., van Assche, F. A., Jans, G., 
Galjaard, S., ... & Desoye, G. (2019). A reduction in sedentary behaviour 
in obese women during pregnancy reduces neonatal adiposity: the DALI 
randomised controlled trial. Diabetologia, 62(6), 915-925. 

Vehovar, V., Toepoel, V., & Steinmetz, S. (2016). Non-probability sampling. The 
Sage handbook of survey methods, 329-345. 

Wang, Y., & Luo, B. R. (2019). The association of body composition with the risk 
of gestational diabetes mellitus in Chinese pregnant women: a case-
control study. Medicine, 98(42). 

Waqia, B.F, Rosita, J., & Huzwah, K. (2016). Development and assessment of 
the reliability and validity of a diet quality index in a sample of Malaysian 
university students. J. Food. Nutr. Res, 4, 251-257. 

Xia, J., Song, Y., Rawal, S., Wu, J., Hinkle, S. N., Tsai, M. Y., & Zhang, C. (2019). 
Vitamin D status during pregnancy and the risk of gestational diabetes 
mellitus: a longitudinal study in a multiracial cohort. Diabetes, Obesity and 
Metabolism, 21(8), 1895-1905. 

Yao, D., Chang, Q., Wu, Q. J., Gao, S. Y., Zhao, H., Liu, Y. S., ... & Zhao, Y. H. 
(2020). Relationship between maternal central obesity and the risk of 
gestational diabetes mellitus: a systematic review and meta-analysis of 
cohort studies. Journal of diabetes research, 2020. 

Yari, Z., & Mirmiran, P. (2018). Alkaline Diet: A Novel Nutritional Strategy in 
Chronic Kidney Disease?. Iranian journal of kidney diseases, 12(4), 204. 

Yong, H. Y., Mohd Shariff, Z., Mohd Yusof, B. N., Rejali, Z., Tee, Y. Y. S., 
Bindels, J., & van der Beek, E. M. (2020). Independent and combined 
effects of age, body mass index and gestational weight gain on the risk of 
gestational diabetes mellitus. Scientific Reports, 10(1), 1–8. 
https://doi.org/10.1038/s41598-020-65251-2 

Yong, H. Y., Mohd Shariff, Z., Mohd Yusof, B.-N., Rejali, Z., Appannah, G., 
Bindels, J., … van der Beek, E. M. (2020). The association between 
dietary patterns before and in early pregnancy and the risk of gestational 
diabetes mellitus (GDM): Data from the Malaysian SECOST cohort. PLOS 
ONE, 15(1), e0227246. https://doi.org/10.1371/journal.pone.0227246 

Zhang, Y., Gong, Y., Xue, H., Xiong, J., & Cheng, G. (2018). Vitamin D and 
gestational diabetes mellitus: a systematic review based on data free of 
Hawthorne effect. BJOG: An International Journal of Obstetrics & 
Gynaecology, 125(7), 784-793. 



© C
OPYRIG

HT U
PM

 
94 

Zhou, X., Chen, R., Zhong, C., Wu, J., Li, X., Li, Q., ... & Yang, N. (2018). 
Maternal dietary pattern characterised by high protein and low 
carbohydrate intake in pregnancy is associated with a higher risk of 
gestational diabetes mellitus in Chinese women: a prospective cohort 
study. British Journal of Nutrition, 120(9), 1045-1055. 

 
 
  




