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Abstract 

OBJECTIVES: To determine whether infants of Gestational Diabetes Mellitus (GDM) mother who were 

large for gestational age (LGA) were at a higher risk of developing obesity in 1-5 years of age and to present 

other factors that influence obesity in this population. 

DESIGN: Retrospective cohort study 

SETTING: St. Luke's Medical Center, Metro Manila, Philippines 

METHOD: The study population was composed of children 1-5 years-old born to GDM mothers from 

2002-2006, whose gestational age was at least 34 weeks, with normal development, and no hypertension 

or diabetes mellitus. Baseline information extracted from self-administered questionnaires and the medical 

records included the body-mass-index (BMI) of mothers and children, treatment for GDM, smoking habits, 

socio-economic status, breastfeeding and eating habits. Pearson Chi-square method and logistic regression 

method used in data analysis. 

RESULT: Thirty-three subjects included in the study were divided into the obese and non-obese groups. 

Multivariate analysis showed that maternal overweight or obesity significantly predicts early childhood 

obesity (p=0.05), with the risk of nearly two times as much in a child with an obese mother than a child 

whose mother was not obese (RR= 1.99; 95% CI= l .I 9-3.32). There were no significant risks for obesity for 

the other variables (socio-economics, GDM status, smoking habit, breastfeeding and eating habits; p>0.05). 

CONCLUSION: Birth weight was not a significant factor in predicting early childhood obesity. Maternal 

BM! was significantly associated with early childhood obesity. The higher the maternal BMI, the more likely 

will the child become obese at 1-5 years of age. 

Key words: gestational Diabetes Mellitus, childhood obesity 

INTRODUCTION 

Obesity, an increasingly prevalent condition 

worldwide in both developed and developing 

countries, is fast becoming an important public 

health problem. As obesity is challengingly difficult 

to treat, its prevention remains a critical strategy in 

the control. 

in overweight and obesity in the under-five-year

old population from 1998, from a prevalence of 0.4 

percent to 2.0 percent. Among the 6-to-l 0-year-old 

children, the prevalence has risen from negligible to 

1.6 percent, while in the 11-to-l 9-year-old age group, 

it increased from 2.9 percent to 4.6 percent (Food and 

Nutrition Research Institute, 2008). 

Obesity, an archetypal complex multi factor disease, 

arises as a result of behavioral, environmental, 

and genetic factors which can influence individual 

responses to diet and physical activity (Whitaker et 

al, 1998). In the Philippines, the Seventh National 

Nutritional Survey in 2008 noted a 5-fold increase 
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Researches have demonstrated a relationship between 

gestational diabetes mellitus (GDM) and the risk of 

developing obesity later in childhood. Large-for

gestational age (LGA) infants born to mothers with 

diabetes mellitus are at a higher risk for obesity later 
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in life. Pettitt et al (1993), comparing obesity rates in 

a large cohort of children born of diabetic and non

diabetic pregnant Pima Indian women in Arizona, 

noted that the risk of obesity (defined in the study as 

a body weight greater than 140% of median weight

for-height) was two to three times higher during 

childhood and adolescence among the offspring 

of mothers with diabetes during pregnancy than 

in those whose mothers were non-diabetic or had 

developed diabetes after pregnancy. However, the 

high underlying genetic predisposition to obesity and 

diabetes in the Pima Indians makes the findings from 

this population difficult to generalize. 

Pedersen (1952) postulated a "hyperglycemia

hyperinsulinism" pathway to explain the observation 

that offspring of diabetic mothers demonstrate 

relatively higher birth weights.4 Clinical and 

experimental studies have shown that the implication 

of fetal hyperinsulinism reaches far beyond delivery. 

Infants of diabetes mellitus mother may develop 

an increased predisposition for obesity and glucose 

intolerance. Recently, in the Hyperglycemia and 

Adverse Pregnancy Outcome (HAPO) Study, 

Metzger et al (2009) examined the association of 

neonatal adiposity with maternal glucose levels and 

cord serum C-peptide in a multicenter, multinational 

design, and confirmed the Pedersen hypothesis 

linking maternal glycemia and fetal hyperinsulinemia 

to neonatal adiposity. The group suggested that such a 

relationship is mediated by fetal insulin production. 

Contrary to the above observation, some investigations 

did not show any such correlation between childhood 

obesity and GDM. Data were also limited due 

to a paucity of information on the maternal BMJ 

and tobacco use, the infants' gestational age and 

birth length, as well as the socioeconomic factor. 

Adjustment for maternal obesity was necessary to 

determine whether the offspring's risk for obesity 

came from the effects of an altered intrauterine 

environment or from genes inherited from an obese 

mother (Farooqi, 2005). 

Whitaker et al (1998), while studying the Health 
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Maintenance Organization population of non

Hispanic white mothers, concluded that mild, treated 

GDM did not increase the risk of childhood obesity. 

Likewise, Persson et al (1984) in their study of 

subjects with GDM mothers, showed no association 

between GDM and childhood obesity. 

Currently there appears to be conflicting information 

regarding the association between infant of GDM 

mother and childhood obesity. Should a consistent 

association between infants of diabetic mother and 

early childhood obesity exist, interventional strategies 

can be started as early as possible. 

General Objective 

To determine whether or not infants of gestational 

diabetic mother who were large for gestational age 

were at a higher risk of developing early childhood 

obesity. 

Specific Objectives 

1. To determine whether infants who were large for

gestational age were more likely to be obese at

ages to 5 years;

2. To compare the food habits of obese and non

obese children of GDM mothers; and

3. To determine whether other factors like

socioeconomic status, maternal BM I, maternal

smoking and drinking habits during pregnancy,

and breastfeeding may influence obesity in this

population.

Study Design 

This is a retrospective cohort study of infants of 

mothers with GDM born at the St. Luke's Medical 

Center from the years 2002-2006. 

Operational Definition of Terms 

l. Childhood obesity: Obesity as defined by the

National Health & Nutrition Examination Survey

(NHANES II) in 1976-1980 is a BMI >95th

percentile for age and sex.6

2. Gestational diabetes mellitus (GDM): defined

by World Health Organization as "carbohydrate

intolerance resulting in hyperglycemia of variable
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severity with onset or first recognition during 

pregnancy." Formal screening is done between 24-

28 weeks gestation, most commonly utilizing the 

oral glucose challenge test (OGCT). If the result is 

greater than 140 mg/dL, then a 3-hour oral glucose 

tolerance test (OGTT) and a fasting blood sugar 

determination must be performed to establish the 

Diagnosis of Gestational Diabetes Mellitus by the Carpenter and 
Couston Criteria 
GDM is diagnosed if two of the following venous plasma glucose 
values are abnonnal: 

Fasting level of 5.3 mmol/L (95 mg/dL) or higher 
I-hour level of IO mmol/L ( 180 mg/dL) or higher

• 2-hour level of8.6 11111101/L (155 mg/dL) or higher
• 3-hour level 7.8 mmol/L (140 mg/dL) or higher

diagnosis. 

3. Small for gestational age (SGA): defined as

2 standard deviations below the mean weight

for gestational age or weight below the I 0th

percentile.

4. Appropriate for gestational age (AGA): defined as

weight for gestational age value is between 10th

percentiles to 90th percentile.

5. Large for gestational age (LGA): defined as two

standard deviations (2 SD) above the mean weight

for gestational age or weight above the 90th

percentile.

MATERIALS AND METHODS 

The study population included children aged 1-5 

years old who satisfied the following inclusion 

criteria: 

I . children born to mothers who had gestational 

diabetes mellitus during pregnancy based on 

the diagnostic criteria, whose mothers did not 

have other complications aside from GDM 

during pregnancy, i.e., preeclampsia, chronic 

hypertension; and 

2. children with complete contact information such

as address and telephone numbers in their charts.

Exclusion criteria: 

1. children with abnormal mental development,

congenital problems, or neonatal/perinatal

complications;

2. children with hypertension or diabetes mellitus;
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and 

3. children who were born less than 34 weeks age of

gestation.

A review of the hospital medical records showed that 

there were a total of 62 GDM mothers who delivered 

from 2002-2006. Of these, only 42 mothers were 

eligible for the study based on the above criteria 

with only 33 mothers consenting to participate in the 

study. 

Data Collection 

The questionnaire was first validated on a different 

group of nine GDM mothers who gave birth at other 

hospitals. Subsequently, performing a convenience 

sampling, mothers with GDM who gave birth at study 

site were identified by chart review from Medical 

Records. Letters (via mail) and phone calls were used 

to contact the mothers. Once consent for participation 

in the study was obtained, the mothers were asked to 

answer the previously validated questionnaire. Their 

children were evaluated for a one-time measurement 

of their weight and height. The weight was measured 

using the 'Detecto' weighing scale and the height was 

measured using the board metric scale. For children 

below three years old, the length was obtained using 

a standard measuring tape. 

The following items were included 111 the 

questionnaire: 

Height and weight of the mother (acquired at least 

one year after giving birth, the measurement taken 

when mother was not pregnant); 
• Socioeconomic background (total family income);

Profile of the mother during pregnancy: smoker

or alcoholic beverage drinker during pregnancy,

laboratory examinations (OGCT, OGTT, fasting,

I-hour, 2-hour, 3-hour blood glucose), treatment or

medication received during pregnancy;
• Food frequency recall to gather infonnation on

eating pattern of the child in previous one month;

and
• Profile of children: age of gestation, birth weight,

breastfeeding period, the age at weaning from

breastfeeding.
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Data Analysis 

Data were encoded and tallied in SPSS version IO for windows and EPI INFO. Descriptive statistics were 

generated for all variables. For all nominal data, frequency and percentages were generated. For numerical 

type of data, means and standard deviations were computed. Comparison of the different variables under study 

was done using the following test statistics: 

1. Chi-square test

2. Fisher Exact test (FET)

3. I-test

4. Logistic Regression Analysis

RESULTS 

Table l shows the comparison of the different characteristics of mothers with and without obese children. The 

results showed that mean weight of mothers of obese children was significantly higher than those with non

obese children (p=0.05). Moreover, the proportion of overweight or obese mothers was significantly higher in 

the obese children than those of the non-obese children (p==0.046). There was no significant difference in the 

mean heights of the two groups of mothers, in the proportion of mothers who were smokers and non-smokers, 

and in the proportion of mothers who were alcohol beverage drinkers or not (p >0.05). 

Table 1. Characteristics ofGDM mothers with and without obese children. 

Maternal Profile 

Mean Height ( cm) 

Mean Weight (kg) 

BMI class 
Underweight (3) 
Normal (22) 
Overweight ( 6) 
Obese (2) 

Smoking status 
Smoker 
Non-smoker 

Alcoholic beverage intake 
Alcoholic beverage drinker 
Non-drinker of alcoholic 

Beverage 

Mothers with Mothers without 
Obese Children Children 

(n= l8) (n= 15) 
156.9 ± 7.4 157.0 ± 5.9 

62.7±10.1 56.0 ± 8.5 

0 (0%) 3 (20%) 
11(61.1%) 11 (73.3%) 
5 (27.8%) 1 (6.7%) 
2 (11.1%) 0 (0%) 

2(11. 1%) 0 (0%) 
16 (88.9%) 15 (100%) 

0 (0%) 0 (0%) 
18 (100%) 15 (100%) 

*comparing sum of overweight and obese with sum of normal and underweight

Obese p value 

0.963 
(t-test) 
0.050 
(t-test) 

0.046* 
(FET) 

0.48 
(FET) 

NA 
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Table 4 shows that most of the mothers were diagnosed during their 2nd trimester and majority received diet 
modification with insulin therapy. The risk of becoming obese in later childhood among the children of these 
mothers was not affected by maternal treatment of GDM (p=0.43). 

Table 4. Diagnosis and treatment regimen of mothers with gestational diabetes. 

Diagnosis and Treatment During Pregnancy Mothers with Mothers p value 
Obese Children without Obese 

(n= 18) Children 
(n= l5) 

GDM diagnosed at 
1 st trimester 4 (27.8%) 1 (6.6%) 0.345 
2nd trimester 9 (50%) 7 (46.7%) 
3rd trimester 5 (22.2%) 7 (46.7%) 

Type of treatment received 
Diet modification 5 (27.8%) 7 (46.7%) 
Insulin therapy 7 (38.9%) 3 (20%) 
Diet modification & Insulin Therapy 5 (27.8%) 4 (26.7%) 0.433 
Anti-diabetic drugs 0 (0%) 1 (6.6%) 
Others 1 (5.6%) 0 (0%) 

Based on the food frequency questionnaire of the children, the eating habits between obese group and non

obese group did not significantly differ (Table 5). 

Table 5. Eating habits of obese versus non-obese children of GDM mothers. 
Food Frequency Obese Children Non-obese Children p value 

(n= l 8) (n=15) 
Fruits 

Frequent(everyday) 3 (17%) 4 (27%) 
Moderate (> 1/wk) J 3 (72%) 11 (73%) 0.36 
In frequent (>I/mo) 2 (11 %) 0 

Vegetables 
Frequent 2 (11 %) 2 (13%) 
Moderate 14 (78%) 12 (80%) 0.90 
Infrequent 2 (11%) 1 ( 7%) 

Meat and Poultry 
Frequent 4 (22%) 3 (20%) 
Moderate 11 (61%) 11 (73%) 0.64 
Infrequent 3 (17%) l ( 7%)

Bread 
Frequent 4 (22%) 6 (40%) 
Moderate 13 (72%) 7 (47%) 0.32 
Infrequent 1 ( 6%) 2 (13%) 

Milk and Dairy Products 
Frequent 2(11.1%) 1 (6.6%) 
Moderate 6 (33.3%) 7 (46.7%) 0.714 
Infrequent 10 (55.6%) 7 (46.7%) 

Non-dairy drink 1 ( 6%) 0 
F.:--cquent 9 (50%) 8 (53%) 0.65 
Moderate 8 (44%) 7 (47%) 
Infrequent 

Sweets 
Frequent - -

Moderate 5 (28%) 7 (47%) 0.26 
Infrequent 13 (72%) 8 (53%) 
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The cooking practice of mothers whose childr_en were obese compared to those with non-obese children 

differed significantly only in the method of sauteing of meat, a practice observed only among the obese group 

(p = 0.04), (Table 6). 

Table 6. Usual cooking methods of GDM mothers. 

Cooking Methods Obese Children Non-obese Children p value 
(n=18) (n= 15) 

Meat 
Boiling/steaming 10 (56%) 11 (73%) 
Frying 3 (16%) 4 (27%) 
Sauteing 5 (28%) 0 0.04 *

Fish 
Boiling/steaming 4 (22%) 6 (40%) 
Frying 10 (56%) 7 (47%) 0.51 
Sauteing 4 (22%) 2 (13%) 

Vegetables 
Boiling/steaming 9 (50%) 6 (40%) 
Frying 2 (11 %) 4 (27%) 0.51 
Sauteing 7 (39%) 5 (33%) 

*significant when sauteing was compared with others

Multivariate analysis derived from logistic regression showed that maternal BMI (for those who were 

overweight or obese) was a predictor of childhood obesity at 1-5 years of age (p=0.05). The risk for obesity in 

a child whose mother is either overweight or obese was almost 2 times higher than those whose mothers were 

normal or underweight (RR=l.99; 95%CI=l.19-3.32). 

Table 7. Factors predictive of childhood obesity by multivariate analysis. 

B SE P value i Significance 

BMI (mother either 2.185 1.234 0.05 Significant 
overweight or obese) 
Age (2: 3 years old) 1.282 0.935 0.17 Not Significant 
LGA 0.518 0.910 0.56 Not Significant 
Meat (sauteed) 8.748 41.036 0.83 Not Significant 

DISCUSSION 

The roots of obesity have long been a subject of interest in the medical researches. The landmark observation 

among American Pima Indians of an alarming prevalence of obesity, along with type II diabetes in children, has 

stimulated studies on the pathogenesis of these potentially devastating disorders in order to devise strategies 

for the control (Dabelea et al, 1998). Attention has been placed on assessing factors that may be traced back 

to as early as intrauterine life. The genetic factor was identified as contributory to the development of obesity 

in the offspring of GDM mothers. Excessive insulin secretion in utero has also been postulated as a predictor 

of both obesity and impaired glucose tolerance in adolescence (Gillman et al, 2003; Silvermann et al, 1998). 
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While LGA babies have a tendency to become obese, 

following Pedersen's theory of "hyperglycemia

hyperinsulinism," SGA infants have also been noted 

to have a tendency towards obesity because of the 

catch-up growth and nutritional support in comparison 

to the AGA infant, invoking that early childhood 

nutrition impacts on later obesity (Martorell et al, 

200 l ). Both undernutrition and overnutrition in utero 

and infancy have a U-shaped risk for adult obesity, 

with breastfeeding lowering such obesity risk by 

two- to four-fold. These observations however were 

not supported in this current study as the birth weight 

and exclusivity and the duration of breastfeeding did 

not predict later early childhood obesity. 

Maternal including partner smoking during pregnancy 

has been demonstrated to be another factor impacting 

on childhood obesity (Lery et al, 2006). Analysis 

of white British singletons enrolled in the Avon 

Longitudinal Study of Parents and Children revealed 

that smoking at any time during pregnancy was 

associated with a higher BMI in the offspring [0. 18 

(95% CI=0.12-0.25)] and a higher total fat mass in 

the children [0.17 (95% CI=0.12-0.23)]. In this study, 

however, the influence of smoking habits could not 

be adequately evaluated due to limited subjects in 

this subgroup, with only 2 smokers among the 33 

subjects. 

The influence of socioeconomic factors, based on 

the family income in this study, did not also support 

findings in other studies that demonstrated an 

increased risk of obesity in children from middle- to 

low-income families (Martorell et al, 200 I ). 

Insulin treatment of GDM mothers has been noted to 

significantly result in offspring having less adiposity 

at 2 years of age compared to those of treated 

by diet alone, suggesting that insulin treatment 

probably influenced neonatal outcome (Simmons and 

Robertson I, 1997). The current study also did not show 

such an association but such a finding could have been 

contributed by the limitation in sample size. 

Different eating habits can increase the probability 

of becoming obese. Energy-dense foods, sugar-
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sweetened soft drinks and fruit juices as well as fast 

food outlets have been implicated as risk factors for 

obesity (Swinburn et al, 2004). The cooking methods 

as well can add further calories to the food. Cooking 

methods, family lifestyle and eating patterns of the 

child are strongly influenced by sociocultural values 

of the family. No such association however was 

noted in this study. The possible influence of the way 

fats are oxidized in the cooking process such as in 

sauteing and frying will need further investigation. 

CONCLUSlON AND RECOMMENDATIONS 

In this study, the birth weight of children born 

of GDM mothers was not a significant factor in 

predicting early childhood obesity. Maternal BMl 

was significantly associated with later childhood 

obesity; the higher the maternal BMl, the more 

likely will the child become obese at the ages of 

1-5 years. No association has been also observed

for socioeconomic status, maternal treatment of

GDM, and dietary pattern of the children including

exclusivity and duration of breastfeeding.

As sample size is a major limitation of this study, 

further studies involving a larger population of 

subjects with adequate control for confounding 

variables is highly recommended. More accurate 

documentation of the maternal serum glucose levels 

during pregnancy to better evaluate the GDM status 

studied in a prospective fashion would be beneficial. 

A more detailed food frequency questionnaire with 

an actual food diary (at least a 24-hour recall) may 

provide more accurate information on the extent of 

dietary influence on obesity. Moreover, a careful 

record of the physical activity of children of GDM 

mothers may provide a more useful correlation 

between physical activity and the risk for obesity. 
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