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Abstract 
Gestational diabetes Mellitus (GDM) is a metabolic 
disorder characterised by carbohydrate intolerance first 
during pregnancy due to inadequate insulin or decreased 
insulin action or both.  Pregnancy in women imposes 
increased insulin resistance. GDM is associated with 
adverse pregnancy outcome like macrosomia, stillbirth  

and metabolic complications in the foetus and lifetime 
risk of type 2 diabetes in the mother which  is 50% 
higher than in the general population. Obesity in 
childbearing age and poor lifestyle habits increases the 
risk of GDM, increasing the incidence of long term 
maternal and foetal complications. Screening and 
treatment is required in achieving glycaemic control.  
Monitroting of blood glucose, Medical nutrition therapy 
(MNT) and exercise has been proven to contol blood 
glucose and reduce maternal and foetal complications.  
Insulin intervention is another treatment modality for 
controlling blood glucose when MNT and exercise fails 
to achieve recommended glycemic control, where as use 
of oral agents is still not recommended. These 
interventions have still not been able to reduce the 
prevelance of GDM.   It is very critical to create 
awareness among women of childbearing age about 
GDM and its complications, to take adequate measures 
to reduce the incidence of type 2 diabetes in the future 
population. 
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1. Introduction 
  

 

Gestational diabetes is a metabolic disorder 
characterised by carbohydrate intolerance first 
during pregnancy due to inadequate insulin or 
decreased insulin action or both.  (ADA,  2004) 
Pregnancy increases insulin resistance and lead to 
an increase in the pancreatic B- cell response to 
meet the increasing demands during pregnancy, 
when the B cell fails to meet up the demands it 
leads to gestational diabetes (Setji et al., 2005).  
During pregnancy placental hormones also play a 
major role in developing insulin resistance, 
restoring glucose metabolism after the removal of 
placenta post delivery (Setji et al., 2005).  Women 
with GDM are more prone for insulin resistance 
compared to those women with normal pregnancy 
(Setji et al., 2005). It is associated with adverse 

pregnancy outcome in the foetus like macrosomia, 
stillbirth and metabolic complications, maternal 
complications include lifetime risk of obesity and 
developing diabetes(Dabelea, 2007).  Infants born 
to diabetic mothers are at risk for developing 
obesity, diabetes and metabolic syndrome in later 
years of life (Dabelea, 2007; Pettitt et al., 1991). 
The detection of gestational diabetes in pregnancy 
enables to identify short term and long term 
maternal complications.  Use of appropriate 
diagnostic criteria to screen women for GDM will 
enable treatment and prevention of foetal and 
maternal complications and to improve pregnancy 
outcome. 
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2. Justification of Research 
 
The prevalance of GDM is increasing worldwide 
from 7-14% and there are various screening and 
diagnostic criterias available from different 
organisations with different cutoffs, treatment 
modalities are specific as per the cutoffs.  Thus, 
studies and research is needed to understand and 
compile the available information to arrive at an 
effective and relevant screening and treatment 
standards for GDM, which facilitates to diagnose 
women at the right time, expose her to relevant 
intervention and have a better pregnancy outcome, 
leading towards healthy population  in future. 
  
3. Objectives of the Study 
 
To summarize that there is still no worldwide 
consensus on the diagnosis, management,    and 
adverse effects of Gestational Diabetes Mellitus 
(GDM), to explain that all methods of screening 
vary in sensitivity and depend on very strict 
preparations for screening, to state that there is no 
cutoff level on ideal levels of blood glucose to 
prevent GDM, to state that it can only be managed 
and blood glucose levels can be controlled for 
better outcome of pregnancy. 
 
3. Material and Methods 
 
Data Sources were the databases from 1981 to May 
2015, reference lists, Web sites of relevant 
organizations, and literature.   Reviewers 
independently identified prospective studies.  Data 
Extraction and verification was done by the 
reviewer and assessed methodological quality.  
 
4. Screening and Diagnosis 
 
Despite the availability of large numbers of original 
research studies since decades there is still no 
consensus on the topic of gestational diabetes. 
There are still questions raised to screen GDM.  
Should all pregnant women be screened or only 
those with risk factors? Or is it safe not to screen at 
all? Which screening test and which diagnostic test 
are the most reliable? Which cutoff values should 
we use? What are the risks involved for mother and 
baby and can treatment improve outcome? What is 
the connection between gestational diabetes and 
diabetes mellitus type II? Are there disadvantages 
to screening? A review with definitive answers to 
these questions are not yet available. There is no 
gold standard screening test and no threshold 
glucose value which markedly increased 
complications. On the contrary, there appears to be 
a trend of slowly increasing risks with rising blood 
glucose values. Moreover, treatment has thus not 
been shown to significantly improve outcome. It is 
recommended to await for further research 

outcome to understand the benefits.(ADA,2008) In 
the absence of universal screening guidelines for 
GDM and also with the changing risk factors 
clinicians must carefully select and adopt the most 
relevant diagnostic criteria(Setji et al., 2005).  To 
identify the high risk group, GDMs are classified 
into low, medium and high risk category by ADA, 
based on the criteria as mentioned in Table 
1.(ADA, 2008)  This classification enables to 
identify the risk group and start intervention before 
the diagnosis of GDM. 
 
Several national and international guidelines are 
existing that recommend screening the disorder, for 
relevant screening time, detecting overt diabetes 
and early intervention, there was no sufficient data 
available for other benefits to screen before 24 
weeks of gestation.  Screening before 24weeks may 
miss the diagnosis of gestational diabetes of the 
pathophysiology of insulin resistance in the second 
trimester.  ADA also recommended screenign at 24 
to 28 weeks of gestation a 50 gm GCT, women 
with more than 140mg/ dl at 1 hr were further 
recommended for OGTT. (ADA, 2008).  The 
widely adopted timing was between 24-28 weeks, 
timely intervention would avoid the foetus being 
affected by maternal hyperglycemia.  As per fourth 
and fifth international workshop conference of 
gestational diabetes all pregnant women have to be 
screened for gestational diabetes, especially the 
high risk group. (Metzger and Coustan, 1998; 
Metzger et al., 2007) 
 
4.1 A comparison of diagnostic criteria used to 
detect GDM by various organisations is given in 
Table - 2 
O’ Sullivan criteria in 1964 reported the results of 
100gms of glucose, 3hr OGTT cutoff values, which 
were rounded implemented in 1970s 
(O’Sullivan,1964).  These thresholds were based 
on venous blood samples, which were switched to 
plasma or serum measurements by National 
Diabetes Data Group (NDDG, 1979).  The already 
rounded O’ Sullivan  values were increased 
approximately by 15% to account for the difference 
between whole blood and plasma.  Later two sets 
of theresholds were derived by O’ Sullivan and 
Mahan criteria which were referred as NDDG and 
Carpenter and Coustan criteria (Carpenter and 
Coustan, 1982 ) 
 
which was accepted by American College of 
Obstetricians and Gynecologists.  This was 
recommended as a resonable criteria.  Overall, the 
GDM prevalence among screened women was 
3.2% (95% CI 3.0-3.4) by NDDG and 4.8% (95% 
CI 4.5-5.1) by Carpenter and Coustan criteria.  The 
prevalence of GDM increased, on average, by 50% 
with use of the Carpenter and Coustan thresholds.  
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ADA endorsed the Carpenter and Coustan Criteria 
and was the recommended criteria till 2011.  
O’ Sullivan criteria was also validated due to its 
ability to predict diabetes in the mother.  Later, 
WHO used 75g, 2hr OGTT with the same 
thresholds for women during pregnancy and also 
for non pregnant individual.  This criteria was 
globally  accepted for screening non pregnant 
women, but different glucose challenges were used 
in pregnancy in various centers, thus making it 
difficult to compare the results.  Hence, 
Hyperglycemia and Adverse Pregnancy Outcome 
(HAPO) study was designed  to evaluate the 
relationship between plasma glucose levels on 
75gns , 2 hr OGTT and adverse pregnancy outcome 
(HAPO, 2008) 
 

The IADPSG recommendations when applied to  
HAPO data, prevalence increased from 16.1% to 
18% of women as having GDM, these women were 
included for the study as having high blood glucose 
values were considered (IADPSG, 2010).  ADA 
also has endorsed IADPSG recommendation as a 
diagnostic criteria to  screen gestational 
diabetes.(ACOG, 2013). 
 
There was an increase in the frequency of adverse 
pregnancy outcome and maternal glucose levels 
without any obvious threshold, hence there was a 
requirement to convert the results of HAPO study 
into clinical practices.(HAPO 2008, HAPO, 2009) .  
IADPSG reviewed the HAPO guideline  and study 
results and published the IADPSG 
recommendations. 

 
Table 1: Classification of risk factors of gestational diabetes (ADA, 2008) 

Very high risk Moderate risk Low risk 
 Morbid Obesity 
 Prior history for GDM or 

delivery of large for 
gestational age infant 

 Presence of glycosuria 
 Diagnosis of PCOS 
 Strong family history of  

type 2 diabetes 
 

 > 25 years old 
 Higher Pre pregnancy Weight 
 High risk ethnic / racial heritage ( of 

Hispanic, American, Native 
American, Asian American, African 
American, or Pacific Islander) 

 Family history of either type 1 or 
type 2 diabetes in first-degree 
relatives 

 History of abnormal glucose 
tolerance 

 History of poor obstetric outcome 
 History of foetal macrosomia (infant 

weight > 4000 grams) 

 Age< 25 years old 
 Normal Pre Pregnancy Weight 
 Low risk ethnic group with a low 

prevalence of GDM 
 No known diabetes in first-degree 

relatives 
 No history of abnormal glucose 

tolerance 
 No history of poor obstetric outcome. 

 

 
Table 2: A comparison of diagnostic criteria used in detction of GDM is given 

 O’Sullivan 
and Mahan 

NDDG Carpenter coustan criteria ADA WHO IADPSG 

1964 1979 1982 2010 1998 
1998 
 

GLUCOSE CHALLENGE TEST(GCT) 

Glucose (g)    
50 
 

  

I hour (mg/dl)    ≥140   
ORAL GLUCOSE TOLERANCE TEST (OGTT) 

Glucose(g) 
50 
 

75 
 

75 
 

100 
 

75 
 

75 
 

FBS (mg/dl) 90 105 95 95 126 ≥92 
1hour(mg/dl) 165 190 180 180 - - 

2 hours (mg/dl) 145 165 155 155 140 
153 
 

3 hour (mg/dl) 125 145 140 140 NA NA 
 
The International Association of Diabetes and 
Pregnancy Study group (IADPSG) was formed in 
1998 with a primary focus on diabetes and 
pregnancy,  to create an international approach to 
improve the care provided and also to educate and 
create awareness in women about diabetes in 
pregnancy (HAPO, 2010).  IADPSG  
recommendations are as follows- 
 
At first visit to diagnose preexisting diabetes if any  

of the following are present: 
1. Fasting plasma glucose >= to 126mg/dl, 
2. HbA1c >= 6.5%, 
3. Random plasma glucose >= 200mg/dl, 
preexisting diabetes can be confirmed by either 
fasting plasma glucose or HbA1c. 
To diagnose gestational diabetes: 
4. Fasting plasma glucose >= 92 mg/dl and 
<126mg/dl, at 24-28 weeks gestation, 75g 2 hr 
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OGTT, GDM can be diagnosed if one or more of 
the following plasma glucose values are exceeded: 
5. FBS 92 mg/dl and 2 hr- 153mg/dl (IADPSG, 
2010). This criteria was chosen to diagnose women 
who had a higher risk of developing diabetes after 
pregnancy or this criteria was used for nonpregnant 
individuals and not specifically to identify 
pregnancies with increased risk for adverse 
perinatal outcome. 
 
The adverse perinatal outcome of pregnancy is 
observed in subjects even without any symptoms of 
overtdiabetes.  Some of the commonly observed 
adverse outcomes associated with GDM is birth 
weight large- for- gestational age(LGA), excess 
foetal adiposity and increased rate of caesarean 
section deliveries, the mystifying factors are 
obesity, more advanced maternal age, other 
medical complications, rather than glucose 
intolerance ( Hunter and Keirse, 1989; Spellacy at 
al., 1985). This IADPSG criteria to diagnose GDM 
is widely used and some suggest that this criteria is 
too restrictive because a mild degree of 
hyperglycemia increases the risk of adverse 
pregnancy outcomes (Langer et al.,1987, Sacks et 
al., 1989, Ferrarra et al., 2007).  On the contrary, 
some researchers believe that there  should not be 
any screening to identify GDM unless there is any 
high level data available with morbidities due to 
specific degrees of glucose intolerance.(Hunter and 
Keirse, 1989). 
 
Some of the recent recommendations like United 
States Preventive Services Task force and United 
Kingdom National Health Service on periodic 
examination ascertain that there is sufficient 
evidence to make recommendation for, or against, 
screening for GDM (USPSTF, 2008, Scott et al., 
2002) .  Some recent studies done by the National 
Institute for Health and clinical Excellence, United 
Kindom concluded that “screening, diagnosis and 
treatment of gestational diabetes is cost effective” 
(NCCWC, 2008). 
 
The HAPO study was designed to clarify risks of 
adverse outcome associated with degrees of 
maternal glucose intolerance less severe than those 
with overt diabetes during pregnancy (HAPO, 
2002).   HAPO study results (HAPO, 2008, HAPO, 
2009) were considered in depth in arriving at the 
recommendations for diagnosis of GDM presented 
in this report.  The recommendations for detection 
of overt diabetes during pregnancy were based on 
the opinions of IADPSG because there is lack of 
appropriately designed studies or clinical trials to 
provide adequate information. 
 
The asssociation with maternal plasma glucose 
concentration during pregnancy and adverse 
pregnancy outcome like large-for-gestational age 

and caesarean delivery is reported in a study among 
Pima Indians (Pettitt et al., 1980).  Glucose 
intolerance had a direct association between 
maternal 2-hr plasma glucose levels and ceaserean 
delivery, spontaneous preterm delivery, shoulder 
dystocia and macrosomia(Jensen et al., 2008).  
Macrosomia was also associated with maternal 
fasting plasma glucose levesls (Sermer et al., 
1995).  Similar  observations have been reported in 
addition to the 2-hr value of 75 gms OGTT  and 
macrosomia(Sacks et al., 1995).  According to the 
ADA guidelines, another multicentric study done 
among U. S population found risk of severe 
macrosomia, neonatal  hypoglycaemia and 
hyperbilirubinemia increased with increasing 
frequency of  abnormal glucose values, this was 
among those women who did not meet the NDDG 
criteria to diagnose GDM (Metzger, 1991). Studies 
also report association with maternal glycemia and 
long term pregnancy outcomes in the offsprings, 
relating to weight and degree of glucose tolerance, 
it was a risk factor for diabetes and or impaired 
glucose tolerance during the female offspring’s 
pregnancies (Pettitt and Knowler, 1998).  Adiposity 
in offspring at 5-7 yrs of age was significantly 
associated with measures of maternal glycemia 
during pregnancy with 50 g glucose challenge and 
/or 100g OGTT (Hillier et al., 2007). 
 
5. Effect of Glycemic Control on Pregnancy 
Outcome 
 
Glucose is the nutrient that is supplied to the foetus 
through the placenta. When the mother encounters 
hypoglycaemia,  with limited glucose supply the 
result is foetal hypoglycaemia and hypoinsulinism.  
This can lead to restricted growth of the foetus due 
to inadequate nutrient supply.  There can be short 
and long term consequences due to hypoinsulinism 
like intrauterine growth failure associated with 
neonatal mortality and with long-term cognitive 
deficits (Rosenn and Miodovnik, 2000).  High 
concentrations of maternal glucose give rise to 
increased nutrient transfer to the fetus and increase 
fetal growth (Rosenn and Miodovnik, 2000). 
Managing gestational diabetes by tight glycemic 
control reduces the risk of pregnancy induced 
hypertension (Starcevic and Djelmis, 2004). 
Appropriately monitored and maintaining stable 
blood sugar levels helps achieve tight metabolic 
control and will reduce the risk of maternal and 
fetal complications in pregnant women (Langer and 
Mazzee, 1988). 
 
Self monitoring of blood glucose levels is 
recommended for women with gestational diabetes.  
It enables to detect elevated glucose concentrations, 
to anticipate and prevent the complications that can 
occur (ADA, 2015). 
 



Ph ton                                                                                                                                                                  292                                                                                                                             
 

A prospective study analysed the relationship 
between optimal glycemic control and perinatal 
outcome in 334 gestational diabetic women and 
334 subjects matched for control of obesity, race, 
and parity.  The perinatal outcome was related to 
the mean blood glucose levels throughout 
pregnancy (Langer et al., 1989). A significantly 
higher incidence of small-for-gestational-age 
infants (20% vs. 11 %, p < 0.001) was found 
between the control and the low blood glucose 
category, while a two-fold increase in the incidence 
of large-for-gestational-age infants when compared 
with the control group (p < 0.03). No significant 
difference was found between the control and mean 
blood glucose categories (87 to 104 mg/dl). Data 
suggest that a relationship exists between level of 
glycemic control and neonatal weight (Langer et 
al., 1989). 
 
In GDMs, postprandial sugars is a strong predictor 
of birth percentile (Peterson and Peterson., 1992), 
hence,  postprandial blood glucose monitoring is 
very important than fasting blood sugar level.  
Overall, in these women postprandial blood sugar 
levels are considered for  insulin adjustments also 
(De Veciana, et. al., 1995). 
 
6. Management of Gestational Diabetes 
 
6.1 Medical Nutrition therapy (MNT) 
The goals of medical nutrition therapy is to provide 
adequate nutrition to the mother and foetus, 
provide nutrients in sufficient amounts required for 
maternal weight gain, growth of the foetus and 
maintain normal blood sugar levels.  In the first 
trimester of pregnancy the energy requirement is 
not increased, as the pregnancy progressess 
additional 300Kcal/day is recommended in second 
and third trimester for a women with normal 
prepregnancy body weight, obese women with 
adequate amount of fat stores may require lesser 
calories.  Studies have reported that pregnancy 
outcome is normal in women where additional 
calories were 100kcal/day above the prepregnancy 
intake in the second and third trimester  (Franz. et. 
al., 2002).  Additional calorie prescription for 
pregnant women has been revised to 350 kcals/day 
(ICMR, 2009) In morbidly obese women, calorie 
prescription can be much less. (Peterson and 
Peterson, 1992).  In GDMs, while targeting normal 
blood sugar levels, caution must be taken to avoid 
ketosis due to intense calorie restriction.(Knopp. et. 
al., 1991) 
 
The recommended percentage of energy from 
carbohydrates, fat and protein for GDMs was 40%, 
37% and 23% respectively (Reader, 2001) and for 
the  Control group it was 50-60%, 20-30% and 15-
20% respectively (ICMR, 2010).  Bed time snack is 
advised to all patients to avoid late night 

hypoglycaemia and early morning starvation 
(ICMR, 2009). Carbohydrate has to be distributed 
throughout the day into small and moderate meals 
with 2-4 snacks.  Evening snack is also needed to 
prevent accelerated ketosis (Franz. et. al., 2002).   
Consumption of calorie restricted diets in obese 
gestational diabetics is reported to result in 
significantly higher ketones levels compared to the 
non diabetic group (Magee et al., 1990).  However, 
a more modest energy restriction (30% calorie-
restriction of estimated energy needs) appears to 
reduce mean blood glucose levels without elevation 
in plasma free fatty acids or ketonuria.   This  may 
constitute upto 1600-1800 kcals per day which is 
more appropriate and  effective than prophylactic 
insulin therapy (Knopp. et. al., 1991).  Energy 
requirements have to be calculated on their pre-
pregnancy weights as 30 kcal/kg, 40kcals/kg and 
24kcal/kg of the body weight per day for women 
with normal weight, under weight and overweight, 
respectively (Joslin, 2010). Carbohydrate 
recommendation has been limited up to 175 g per 
day for pregnant women with Gestational Diabetes 
(Joslin, 2010; Reader, 2007).  Protein requirement 
were calculated as 1g/kgbw and an additional 23 
g/kgbw for pregnancy in the third trimester (ICMR, 
2009), visible fat at 30gms/day (ICMR, 2009).  The 
constituents of fat (calculated as part of the total 
fat) were calculated using reported values (ICMR, 
2009).  Ketones positive in the urine may not be 
indicating the toxic levels in the blood, even by 
administering 1000 kcals diet for an obese pregnant 
gestational diabetic, the ketones level need not 
reach the toxic limit and it may appear to be a safe 
limit for a better neonatal outcome (Coetzee et al., 
1981).  Glycaemic response to a meal in a 
gestational diabetic is highly correlated to the 
percentage of carbohydrates in the meal and varies 
among individuals and among the different meal 
timings like breakfast, lunch and dinner (Peterson 
and Peterson, 1991). In Gestational diabetics 
carbohydrate restriction alone has contributed in 
maintaining blood sugar levels, minimized insulin 
requirement, and reduced the incidence of LGA 
infants, reduced caesarean section deliveries and 
macrosomia (Major, et al., 1998). 
 
6.2 Exercise 
Exercise is protective against the common 
complication of pregnancy, gestational diabetes 
mellitus.  Training large muscle groups have been 
shown to help normalize blood sugar levels through 
improving glucose utilisation and insulin 
sensitivity. Women who exercise during pregnancy 
are significantly less likely to develop GDM than 
those who are physically inactive.  This effect is 
particularly strong in women who are physically 
active for at least one year before conception and 
continue to exercise during pregnancy (Duncombe 
et al., 2009). 
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The American College of Obstetricians and 
Gynecologists (ACOG) recommends that women 
with low-risk pregnancies participate in moderate-
intensity physical activity for 30 minutes or more 
each day,  if not all  days of the week. (ACOG, 
2002). These recommendations are based on 
research indicating that exercise during pregnancy 
may be associated with reduced rates of 
preeclampsia, gestational diabetes, cesarean 
sections, low back pain, anxiety, nausea, heartburn, 
insomnia, leg cramps, and possibly excessive 
weight gain. (Morris et al., 2005). Pregnant women 
are less likely to engage in activities like walking, 
swimming, gardening and aerobics than the non-
pregnant group of the same age (Evenson et al., 
2004). Overall, there is lack of awareness about the 
benefits of exercise even among the general 
population. A study aimed at evaluating the level of 
physical activity in a general US population reports 
that the majority of adults were not active at 
recommended levels required to maintain good 
health (Macera et al., 2005). 
 
Exercise during pregnancy could prevent and limit 
adverse maternal and fetal morbidities and provide 
a long-term benefit through reduction of maternal 
weight gain during pregnancy and improvement in 
cardiovascular fitness. (Gavard and Artal, 2008). 
Exercise also improves the glycemic response 
(Avery et al., 1997; Barros et al., 2010). Studies 
report that participation in aerobic exercise during 
pregnancy to produce or maintain a training effect 
does not adversely affect birth weight or other 
maternal and infant outcomes but may be 
associated with discomfort. (Sternfeld et al., 1995). 
Due to the common perception that exercise during 
pregnancy may impose maternal and fetal risk, 
exercise is less frequent practiced among pregnant 
women.  Women who were inactive before 
pregnancy, after starting exercise in 12-14 wks of 
gestation had better outcome of pregnancy and 
improvised fitness levels (Price et al., 2012). 
History of discouraging women from exercising 
during pregnancy is persisting from decades by the 
practitioners due to their own perception that 
exercise increases the risk of miscarriages, preterm 
birth, low infant birth rate and other complications.  
Physical activity guidelines for pregnant women 
were first published in 1985. However, carefully 
selecting the intensity, duration and type of activity 
will minimize the risk of maternal and foetal 
complications.  These recommendations were 
further modified and stated that "during pregnancy, 
women can continue with mild to moderate” 
exercise.  Regular exercise routine is recommended 
over random activity schedules. (ACOG. 1994).  
Exercise does not have any adverse pregnancy 
outcome like miscarriages and preterm labour 
(Kramer and Donald, 2006).  It is considered to be 
a safe  prescription for pregnant diabetic women to 

attain improved glucose tolerance (Bung et al., 
1991) 
 
In obese women, exercise intervention has a direct 
impact in reducing the incidence of gestational 
diabetes and also the maternal and foetal 
complications. (Timothy et al., 1997). Regular 
physical activity schedule in pregnant women is 
more beneficial and the efforts to increase maternal 
physical activity has proven to reduce the risk of 
gestational diabetes (Dempsey et al., 2004).   
Similarly, a combination of physical activity and 
diet control rather than diet alone has been reported 
to lower glycosylated hemoglobin, fasting, and 1-
hour plasma glucose concentrations (Peterson et 
al., 1989). Obese Gestational diabetics who 
performed resistance training exercise either did 
not require insulin therapy for glycemic control or 
there was a longer delay in diagnosis and insulin 
initiation (Brankston et al., 2004).  On the contrary, 
light intense household activities did  not have an 
impact in reducing blood glucose levels in GDMs, 
it has only helped in increasing the 
cardiorespiratory stamina (Avery et al., 1997). 
However, it is reported that women engaged in 
physical activity before and during pregnancy are 
associated with lower risk of developing GDM. 
(Tobias et al., 2010). Personalised exercise routine 
and resistance exercise programme are other 
interventions associated with glycaemic control and 
reduced insulin requirement, Although personalised 
exercise routine is advantageous it has to be 
practiced under medical supervision (Callaway et 
al., 2015).   The myth that exercise during 
pregnancy leads to foetal complications and 
maternal discomfort limits routine prescription in 
antenatal care. In the absence of any known 
medical and obstetric complications, 30 mins of 
light and moderate exercise is safe and 
recommended to all low risk pregnant women 
(Artal, 2012). 
 
Epidemiologic data suggest that in morbid obese 
women with BMI > 33, exercise can prevent 
gestational diabetes (Dye et al., 1997). The 
American Diabetes Association has endorsed 
exercise as a effective intervention in GDM to 
control glycemia along with dietary intervention 
(Bung and Artal, 1996; Peterson and Peterson, 
1996). 
 
6.3 Insulin 
Medical nutrition therapy (MNT) and exercise are 
the recommended interventions in ensuring 
glycaemic control in GDM.  Insulin therapy has 
been the gold standard therapy when MNT and 
exercise are not effective in achieving desirable 
blood glucose levels.  Several types of insulin may 
cause adverse effects.  Among the various 
preparations commercially available insulin lispro 



Ph ton                                                                                                                                                                  294                                                                                                                             
 

and insulin aspart are commonly used in pregnancy 
as they do not cross the placenta (Mc Cance et., al 
2008).  The available literature suggests that GDM 
subjects can be safely and effectively managed 
with combinations of intermediate and short acting 
insulin analogs along with MNT.  A prospective 
study has compared the effect of intensive versus 
conventional management, both groups were 
treated with diet and insulin to reach the goals of 
fasting blood glucose 90-100 mg/dl and 
postprandial blood glucose <120mg/dl.  The results 
demonstrated a decreased rate of macrosomia, 
caesarean section, foetal metabolic complications 
and shoulder dystocia in the intensive management 
group (Langer et, al., 1994).  Hence, insulin is the 
tried and tested option which is safe to be 
administered in GDM to achieve glycaemic control 
and have better perinatal outcome. 
 
6.4 Oral hypoglycaemic agents 
Oral hypoglycaemic agents are not recommended 
by the ACOG (ACOG, 2001), as they may cross 
the placenta, stimulate the foetal pancreas and 
cause foetal hyperinsulinemia (Setji et al., 2005).  
Clinical trials done on some GDMs did not detect 
glyburide in the cord serum of any infant. (Setji et 
al., 2005) Although glyburide appears to be safe in 
pregnancy the studies are small and not currently 
recommended for blood sugar control in GDMs 
(ADA, 2004).  Metformin has also been used to 
treat women with GDM.  Prevalence of 
preeclampsia and perinatal mortality was increased 
in women treated with metformin.  Recent studies 
involving women with polycystic ovary syndrome 
or type 2 diabetes who continued metformin in 
pregnancy has found no adverse pregnancy 
outcomes, however, metformin is still not 
recommended in GDMs for glycaemic control 
(Glueck et al., 2004; Simmons et al., 2004).  A 
combination of metformin with supplemental 
insulin is safe to treat GDMs.  When compared 
with insulin, metformin has become a more 
acceptable option among these women (Rowan. et. 
al., 2008).  Glycaemic control achieved by OHA 
and insulin will have similar impact on the 
perinatal outcome of pregnancy except the 
incidence of hyperbiliribinemia (Thomas et al., 
2013).   However, oral hypoglycaemic agents are 
not considered to be a safe treatment in GDMs for 
glycaemic contol. 
 
7. Complications Associated With GDM 
 
7.1 Foetal Complications  
GDM is associated with both  maternal and foetal 
complications.  Foetal complications include 
macrosomia, neonatal hypoglycaemia, perinatal 
mortality, congenital malformations, 
hyperbilirubinemia, polycythemia, hypocalcemia 
and respiratory distress syndrome(ADA, 2004, 

Sheffield et al., 2002) Excess foetal growth leads to 
increased foetal morbidity at delivery, such as 
shoulder dystocia (Casey et al., 1997) and 
increased rate of cesearean deliveries(Naylor et al., 
1999). Maternal hyperglycemia causes neonatal 
hypoglycaemia within a few hours of delivery, 
causing foetal hyperinsulinemia.  There is strong 
association between GDM and perinatal mortality 
which includes still births and neonatal deaths in 
the past.  Foetal complication can be prevented by 
continuous monitoring, medical nurition therapy 
and insulin therapy to ensure tight glycemic control 
during pregnancy(Girf  et al., 1992; Kjos et al., 
1995)  Another important complication associated 
with GDM is congenital malformations, the 
incidence of this complication is 1-3% in those 
women who did not have any history of diabetes 
before pregnancy, whereas in those women who 
had history of diabetes before pregancy the risk 
increased by three to eight times (Sheffield et al, 
2002). Incidence of congenital malformation is 
observed when fasting hyperglycemia is present in 
GDM subjects (Sheffield et al, 2002; Schaefer et al, 
1997).  Long term complication in the foetus 
includes an increased risk of glucose intolerance, 
diabetes and obesity in future years (ADA, 2004).  
Foetal macrosomia and birth trauma is high among 
infants born to gestational diabetic mothers 
(Suhonen and Lauri, 2009).  Insulin resistance is 
increasing the risk of macrosomia, perinatal 
complications and congenital malformations in the 
foetus (Setji, 2005). Intensive management of 
gestational diabetes had an impact on better foetal 
outcomes (Langer et al., 1994). 
 
Maternal hyperglycemia, whether from overt 
diabetes or from gestational diabetes, it leads to 
foetal hyperglycemia because glucose is transferred 
across the placenta. Foetal pancreas responds to 
increased glucose concentrations by producing and 
secreating more insulin,  foetal hyperinsulinemia is 
the root cause for all the complication to occur.  
Foetal macrosomia is a major  and prominent 
problem which is related to the growth promoting 
activity of foetal insulin.  Excessive and 
disproportionate growth leads to increased 
subcutaneous fat and broad shoulders, which 
increases the risk of shoulder dystocia in the infant. 
Infants born prematurely are at risk of respiratory 
distress syndrome and other complications like 
hypocalcemia, hyperbilirubinemia.  Obesity and 
type 2 diabetes are the complications among these 
infants in later years of life (Pettitt et al., 1991).  
Independent association of GDM and obesity on 
adverse pregnancy outcome has been reported 
(Damm, 2009 ; Debalea, 2007).  An observation  
by HAPO reports that there is a positive 
relationship between glucose concentrations during 
2- hr 75gms OGTT and primary outcome of 
pregnancy,  birth weight > 90 th percentile, 
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cesearean section, neonatal hypoglycaemia and 
cord serum C- peptide levels > 90th percentile 
(Metzer et al., 2008).  In addition, a higher 
maternal BMI (kg/m2)  is also a contributing factor 
for a similar pregnancy outcome (HAPO, 2010).  
However, a combination of  higher maternal BMI 
and higher maternal glucose levels were also 
associated with secondary outcomes including 
preeclampsia. These perinatal complications have 
short and long term metabolic changes both in the 
mother and her offspring (Boney et al., 2005, 
Catalano and Ehrenberg, 2006, Metzer, 2007). 
 
7.2 Maternal complications   
The major maternal complication of gestational 
diabetes is a lifetime risk for the onset of type 2 
diabetes which is 50% higher than the prevelance 
of diabetes in the general population.  All pregnant 
women develop some degree of insulin resistance 
during pregnancy, GDM women experience 
slightly more insulin resistance during late 
pregnancy than normal pregnant women (Xiang et 
al., 1999).  During pregnancy, more chronic insulin 
resistance is encountered that may be similar to 
insulin resistance in other groups at risk for type 2 
diabetes. Normal women would compensate for 
insulin resistance to maintain blood sugar levels, 
whereas GDMs have limited ability to increase 
insulin secretion.(Sutherland and Stowers, 2012).  
Gestational diabetes by itself is not a contributing 
factor for cesearean delivery, however, the 
associated complications of GDM are contributing 
to this adverse outcome (ACOG, 2013).  Increasing 
maternal plasma glucose concentration is 
associated with decreasing duration of gestation 
leading to premature delivery (Scholl et al., 2001). 
Maternal complications include increased risk for 
cesarean delivery, hypertension, future risk for type 
2 diabetes mellitus,  maternal and childhood besity 
as well as cardiovascular diseases are the long term 
complications of GDM (Reece, 2010).  The rate of 
cesearean section deliveries were high in GDMs 
and also there was increased rate of repeat 
cesearean deliveries compared with the non 
diabetic pregnant women. The higher the 2-hr 
plasma glucose levels in the mother, higher is the 
incidence of cesearean section, macrosomia in the 
infant, congenital abnormalities and toxemia. 
 
There is a significant correlation between the 
infant’s weight and mother’s 2- hr plasma glucose 
levels.  Mild degrees of maternal hyperglycemia 
can also affect the outcome of pregnancy (Tallarigo 
et al., 1986).  Association of maternal obesity in 
well controlled gestational diabetics is more 
significant than plasma glucose levels for the 
development of large- for- gestational- age infant 
(Jacobson and Cousins, 1989). 
 
GDMs are at an increased risk to develop 

hypertension compared to those women without 
GDM.  (Casey et al., 1997).  Managing GDM by a 
tight glycemic control reduces the risk of 
pregnancy induced hypertension (Starcevic and 
Djelmis, 2004).  Preeclampsia and cesearean 
section are higher in undiagnosed and untreated 
GDM.  Maternal complications can be prevented 
with diagnosis and treatment (Crowther et al.,2005; 
Landon et al., 2009). 
 
A systemic review reports that conversion of GDM 
to type 2 diabetes varies with the length of follow-
up, a rapid increase in the incidence of GDM is 
seen in the first 5 years after delivery for different 
racial groups (Kim, 2002).  Elevated fasting 
glucose levels during pregnancy may prove to be 
the contributing factor for GDM (Kim, 2002).  In 
GDM, maternal weight and glycemic control by 
intense intervention prevents maternal and foetal 
complications. 
 
Conclusion 
 
As the prevalance of GDM increases, there is an 
increase in the deterioration of overall public health 
status affecting the wellbeing of these women and 
the future population leading to a least  healthy and 
fewer congenial society.  In view of this, pregnancy 
needs adequate attention and screening to diagnose 
glucose intolerance at the right time by using 
relevant diagnostic criterias.  Recent IADPSG 
guidelines state that early detection and adequate 
intervention is required to reduce the risk for both 
mother and the infant in the short and long term.  
Evidence is urgently needed to prove that these 
benefits outweigh the risks, with the early 
screening recommendations (Chamberlain et al., 
2013).  Maternal glucose levels and obesity are  
independenly associated with adverse pregnancy 
outcome.  The combination of the two has a greater 
impact, tight glycaemic control in GDMs reduces 
the frequency of adverse outcomes, where as, 
optimal management of maternal obesity,  adequate 
gestational weight gain, moderate excersie and diet 
recommendation is needed for obese 
women.(HAPO, 2012). Medical nutrition therapy is 
the corner stone for women with GDM.  Daily 
monitoring of blood glucose levels is a better 
option than visiting the lab more frequently.  
Insulin therapy was the mode of maintaining blood 
glucose levels in pregnant women, over the period 
of time use of oral hypoglycemic agents (OHAs) in 
pregnancy was started as an alternative to insulin 
therapy (Magon and seshaiah, 2011).  Use of oral 
hypoglycemic agents is still not recommended and 
need further studies to validate the safety and 
efficacy of these agents.  There is a a concern that 
these new recommendations  from IADPSG and 
ADA are increasing the cost of healthcare without 
benefitting the population.  Despite the efforts to 
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reduce the prevalance, there is a parallel rise in the 
prevalance with the rise in obesity and type 2 DM.  
Preventing gestational diabetes has to be the goal 
(Coustan, 2013).  Setji et al., concluded that 
controlling maternal glycemia with MNT, 
monitoring of blood glucose and insulin treatment 
when blood glucose fails to fall with in the normal 
range and recommended level of physical acitivity 
would also potentially benefit these women 
decrease foetal and maternal complications.(Setji et 
al.,2005).     In addition appropriate follow-up of 
the mother and the infant born to GDM mother to 
determine long term metabolic complications like 
type 2 DM, cardiovascular diseases in the mother 
and obesity and glucose intolerance in the infant. 
Postpartum monitoring of blood sugar levels in 
GDM mothers will reduce the risk of developing 
type 2 diabetes in future.   
 
Research Highlights 
 
Gestational diabetes mellitus is a metabolic 
disorder characterised by carbohydrate intolerance 
first during pregnacy due to inadequate insulin and 
insulin resistance developed during pregnancy,  
optimal blood glucose control is required to ensure 
nomal pregnancy outcome in these women.  
Prevalance of gestational diabetes can be reduced 
by 
1. Maintaining adequate pre-pregnancy body 
weight  
2. Maintaining healthy food habits 
3. Regular follow up with the gynaecologist if there 
is a family history of type2  DM  
4. Having a  regular physical activity regimen 
5. Early detection to facilitate adequate intervention 
to ensure a normal  pregnancy outcome 
 
Limitations 
 
The material available from different databases 
included all the aspects of Gestational Diabetes 
Mellitus, the  concern was some studies stated that 
to achieve glycaemic control, oral agents were 
recommended during GDM, similarly physical 
activity was discouraged anticipating adverse 
outcome of pregnancy due to rigorous activities,  
which was further analysed and verified to arrive at 
the conclusion that oral agents are not 
recommended during pregnancy and physical 
activity during pregnancy within the recommended 
limits is beneficial in controlling blood glucose and 
facilitating better outcome of pregnancy. 
 
Recommendations 
 
After comparing various databases and studies 
from 1981 to 2015, these recommendations were 
time tested and released as guidelines for the 
managament of Gestational diabetes  to ensure that 

the future generation is healthy. The 
recommendations as the outcome of the study is 
glucose intolerence during pregnancy can be 
managed by early detection, diet control, 
continuous monitoring and recommended level of 
physical activity on a regular basis, when these 
above mentioned modalities fail insulin is the only 
therapy that is recommended to be administered.  
There is inadequate data available to support that 
oral hypoglycemic agents can be recommeded 
safely during pregnancy to achieve glycemic 
control.  Futher, long term studies in future are 
needed to prove and use oral agents as one of the 
modalities for controlling blood glucose levels as 
an alternative treatment to insulin.  Another 
important recommendation is to create awareness 
programmes for women of child-bearing age about 
maintaining adequate pre-pregnancy weight, and 
modify lifestyle to prevent GDM the adverse 
outcome of pregnancy , which will lead to a 
healthy future generation. 
                 
Funding and Policy Aspect 
 
This review article was about GDM and its 
complications, it is a self funded research project 
for PhD., thesis. 
 
Author’s Contribution and Competing Interests 
 
The Authors  have contributed by refering the 
databases, analysing, verifying, interpretting  and 
writing the manuscript. 
 
Acknowledgements 
 
The authors thank  all of them who extended 
support in referring the articles in the library, which 
has contributed in writing the manuscript. 
 
References 
 
American college of obstetrics and 
Gynecology(ACOG)committee opinion: exercise during 
pregnancy and the postpartum period.2002. Number 267. 
American College of Obstetricians and Gynecologists. 
International Journal of  Gynaecology and Obstetrics. 
77,79-81. 

 
ACOG Practice Bulletin. 2013: Gestational Diabetes 
Mellitus, Obstetrics and Gynecology. 137,122,406-16 
 
ACOG Technical Bulletin.1994:Exercise during 
pregnancy and the postpartum period International 
Journal of  Gynaecology and Obstetrics. Number 189, 
45, 65-70.  
 
ACOG. 2001.Obstetrics: Gestational diabetes. Number 
30, Obstet Gynecol 98:525–538, 
American Diabetes Association. 2004: Gestational 
diabetes mellitus (Position Statement). Diabetes Care, 
27, S88 -S90. 



Ph ton                                                                                                                                                                  297                                                                                                                             
 

American Diabetes Association(ADA). 2015. Gestational 
Diabetes. Diabetes Care, 26, s103-s105. 
 
Artal R., 2012. Exercise: The Alternative Therapeutic 
Intervention for Gestational Diabetes. Clinical Obstetrics 
& Gynecology, 46 (2), 479-487.  
 
Avery, M. D., Leon, A. S., & Kopher R. A. 1997. Effects 
of a Partially Home-Based Exercise Program for 
Women. The American College of Obstetricians and 
Gynecologists, 10-5. 
 
Barros M.C., Lopes M.A.B., Francisco R.P.V. 2010. 
Resistance exercise and glycemic control in women with 
gestational diabetes mellitus. American Journal of 
Obstetrics and Gynecology , 556, e1–556.e6. 
 
Brankston G.N., Mitchell B.F., Okun N.B. (2004) 
:Resistance exercise decreases the need for   insulin in 
overweight women with gestational diabetes mellitus. 
American Journal of Obstetrics and Gynecology, 188-
193. 
 
Boney C.M., Verma A., Tucker R., Vohr B.R. 2005. 
Metabolic syndrome in childhood, association with birth 
weight, maternal obesity and gestational diabetes 
mellitus. Pediatrics; 115, e290–e296. 
 
Bung P., Artal R. 1996. Gestational diabetes and 
exercise: a survey. Seminars in Periantology, 20, 328–
333. 
 
Bung, P., Artal, R. 1991. Exercise in Gestational 
Diabetes: An Optional Therapeutic Approach, Diabetes , 
182-185. 
 
Callaway L.K, Colditz P.B., Byrne N.M. 2015: 
Prevention of Gestational Diabetes. Diabetes care, 1457-
1459.  
 
Carpenter .M.W., Coustan D.R 1982. Criteria for 
screening tests for gestational diabetes. American Journal 
Obstetrics gynecology. 144, 768-73. 
 
Casey B.M., Lucas M.J., McIntire D.D., Leveno KJ. 
1997. Pregnancy outcomes in women with gestational 
diabetes  compared with the general obstetric population. 
Obstetrics and Gynecology, 90(6), 869-73. 
 
Catalano P.M., Ehrenberg H.M. 2006. The short and 
long-term implications of maternal obesity on the mother 
and her offspring. British Jourmal of Gynecology, 
113,1126–1133. 
 
Coetzee E.J, Jackson W.P, Berman P.A.1981. Ketonuria 
in pregnancy--with special reference to calorie-restricted 
food intake in obese diabetics. Diabetes, 177-81. 
 
Coustan D. R. 2013.  Gestational Diabetes Mellitus. 
Clinical Chemistry, 1310-1321. 
 
Crowther C.A., Hiller J.E., Moss J.R., McPhee A.J., 
Jeffries W.S., Robinson J.S. 2005. Effect of treatment of 
Gestational Diabetes on pregnancy 
outcome(ACHOIS)Trial Group. Effect of treatment of 
gestationaldiabetes on pregnancy outcomes. New 
England Journal of  Medicine, 352, 2477. 

Dabelea D. 2007. The predisposition to obesity and 
diabetes in offspring of diabetic mothers. Diabetes Care, 
30, 169 –74. 
 
Damm P. 2009. Future risk of diabetes in mother and 
child after gestational diabetes mellitus. International 
Journal of Gynecology and Obstetrics, 104, 525– 6.  
De Veciana M., Major C.A., Morgan M.A., Asrat T., 
Toohey J.S., Lien J.M., Evans A.T.1995. Postprandial 
versus preprandial blood glucose monitoring in women 
with gestational diabetes mellitus requiring insulin 
therapy. New England Journal of Medcine, 333 ,1237-
1241. 
 
Dempsey J.C., Sorensen T.K., Williams M.A. 2004. 
Prospective Study of Gestational Diabetes Mellitus Risk 
in Relation to Maternal Recreational Physical Activity 
before and during Pregnancy . American Journal of 
Epidemiology, 663-670. 
 
Duncombe D., Skouteris H., Wertheim E.H., Kelly L., 
Fraser V., Paxton S.J. 2006.  Vigorous exercise and birth 
outcomes in a sample of recreational exercisers: a 
prospective study across pregnancy.  Australian & New 
Zealand Journal of Obstretics & Gynaecology . 46(4), 
288-92. 
 
Dye T.D., Knox K.L., Artal R., Aubry R.H., Wojtowycz 
M.A.1997. Physical activity, obesity, and diabetes in 
pregnancy. American Journal of Epidemiology ,146, 
961–965. 
 
Evenson K.R., Savitz D.A., Huston S.L.2004. Leisure-
time physical activity among pregnant women in the US. 
Journal of Paediatric Perinatology Epidemiology, 18, 
400-407. 
 
Ferrara A., Hedderson M.M., Quesenberry C.P., Selby 
J.V. 2002. Prevalence of Gestational Diabetes Mellitus 
Detected by the National Diabetes Data Group or the 
Carpenter and Coustan Plasma Glucose Thresholds . 
Diacare , 25(9), 1625-1630. 
 
Ferrara A., Weiss N.S., Hedderson M.M.,Quesenberry 
C.P., Selby J.V., Ergas I.J, Peng T., Escobar G.J., Pettitt 
D.J., Sacks D.A. 2007. Pregnancy plasma glucose levels 
exceeding the American Diabetes Association thresholds, 
but below the National DiabetesData Group thresholds 
for gestationa ldiabetes mellitus, are related to the risk of 
neonatal macrosomia, hypoglycaemia and 
hyperbilirubinaemia. Diabetologia, 50, 298 –306. 
 
Franz M.J., Bantle J.P., Beebe C.A. 2002 Evidence-
based nutrition principles and recommendations for the 
treatment and prevention of diabetes and related 
complications. Diabetes Care, 25, 148-198 . 
 
 
Gavard J.A., Artal R. 2008. Effect of exercise on 
pregnancy outcome. Clinical Obstetrics and Gynecology 
, 467-80. 
 
Girz B.A., Divon M.Y., Merkatz I.R.1992. Sudden fetal 
death in women with well-controlled, intensively 
monitored gestational diabetes. Journal Perinatology, l12 
, 229-233. 
 



Ph ton                                                                                                                                                                  298                                                                                                                             
 

Glueck C.J., Wang P., Goldenberg N., Sieve-Smith 
L.2004. Pregnancy outcomes among women with 
polycystic ovary syndrome treated with metformin. 
Human Reproduction, 17 , 2858-2864. 
 
HAPO Study Cooperative Research Group. 2002 .The 
Hyperglycemia and Adverse Pregnancy Outcome 
(HAPO) Study. International Journal of  Gynaecology 
and Obstetrics, 78, 69 –77. 
HAPO Study Cooperative Research Group.2008. 
Hyperglycemia and AdversePregnancy Outcome 
(HAPO) Study Cooperative Research Group. 
Hyperglycemia and adverse pregnancy outcomes. New 
England Journal of Medicine, 358, 1991–2002. 
 
HAPO Study Cooperative Research Group. 2010. 
Hyperglycaemia and Adverse Pregnancy outcome 
(HAPO) Study : associations with maternal body mass 
index. British Journal of Gynecology,  117, 575–584. 
 
HAPO Study Cooperative ResearchGroup. 2009. 
Hyperglycemia and Adverse Pregnancy Outcome 
(HAPO) Study: Associationswith neonatal 
anthropometrics.Diabetes,58, 453– 459. 
 
Hillier T.A., Pedula K.L., Schmidt M.M., Mullen J.A., 
Charles M.A., Pettitt D.J.2007. Childhood obesity and 
metabolic imprinting: the ongoing effects of maternal 
hyperglycemia. Diabetes Care, 30,2287–2292. 
 
Hunter D.J.S., Keirse M.J.N.C.1989. Gestational 
diabetesin effective care. In Pregnancy and Childbirth 
Chalmers I, Enkin M, Kierse M, Eds. New York, Oxford 
University Press, 403–410. 
 
International Association of Diabetes and Pregnancy 
Study Groups Consensus Panel (IADPSG), Metzger 
B.E., Gabbe S.G., Persson B., Buchanan T.A., Catalano 
P.A., Damm P., Dyer A.R., Leiva A.d., Hod M., 
Kitzmiler J.L., Lowe L.P., McIntyre H.D., Oats J.J., 
Omori Y., Schmidt M.I.2010. IADPSG 
recommendations on the diagnosis and classification of 
hyperglycemia in pregnancy. Diabetes Care ,33(3), 676 –
682. 
 
Jacobson J.D., Cousins L. 1989. A population-based 
study of maternal and perinatal outcome in patients with 
gestational diabetes. American Journal of Obstetrics and 
Gynecology , 161 981–986. 
 
Jensen D.M., Korsholm L., Ovesen P., Beck-Nielsen H., 
Molsted-Pedersen L., Damm P. 2008. Adverse 
pregnancy outcome in womenwith mild glucose 
intolerance: is there a clinically meaningful threshold 
value for glucose? Acta Obstetricia Gynecologica 
Scandinavica; 87:59–62. 
 
Josli. 2010.  Guideline for Detection and Management of 
Diabetes in Pregnancy, Joslin Diabetes Center, 
Publications Department; 617, 226-5815. 
 
Kim C.K., Newton K.M., Knoop R.H. 2002 . Gestational 
diabetes and the incidence of  type 2 diabetes. Diabetes 
care , 25, 1862–1868.  
Kjos S.L., Leung A., Henry O.A., Victor M.R., Paul 
R.H., Medearis A.L. 1995. Antepartum surveillance in 
diabetic pregnancies: predictors of fetal distress in labor. 

Americal Journal of Obstetrics and Gynecology, 175, 
1532 -1539. 
 
Knopp R.H., Magee M.S., Raisys V., Benedetti T. 1991. 
Metabolic effects of hypocaloric diets in management of 
gestational diabetes. Diabetes 40, 165-171. 
 
Kramer M.S., Donald M.S.W. 2006. Aerobic exercise for 
women during pregnancy. Cochrane Database System 
Review, 3.   
 
Landon M.B., Spong C.Y., Thom E., Carpenter M.W., 
Ramin S.M., Casey B., Wapner R.J., Varner M.W., 
Rouse D.J., Thorp J.M., Sciscione A., Catalano P., 
Harper M., Saade G., Lain K.Y., Sorokin Y., Peaceman 
A.M., Tolosa J.E., Anderson G.B. 2009. A multicenter, 
randomizedtrial of treatment for mild gestational 
diabetes.New England Journal of  Medicine, 361, 1339 – 
48. 
 
Langer O., Brustman L., Anyaegbunam A., Mazze 
R.1987. The significance of one abnormal glucose 
tolerance test value on adverseoutcome in pregnancy. 
American Journal Obstetrics and Gynecology, 157, 758 –
763. 
 
Langer O., Levy J., Brustman L.., Anyaegbunam A, 
Merkatz R., Divon M. 1989. Glycemic control in 
gestational diabetes mellitus: how tight is tight enough: 
small for gestational age versus large for gestational age.   
Americal Journal of Obstetrics and Gynecology, 161, 
646-653. 
 
Langer O., Mazzee R. 1988. The relationship between 
large-for-gestational-age infants and glycemic control in 
women with gestational diabetes . American Journal of 
Obstetrics and Gynecology , 1988; 159(6), 1478–1483. 
 
Langer O., Rodriguez D.A., Xenakis E., Mc Farland 
M.B., Berkus M.D., Arredondo F. 1994. Intensified 
versus conventional management of gestational diabetes. 
American Journal of Obstetrics and Gynecology. 
170:10361038,1041 -1047. 
 
Macera C.A., Ham S.A., Yore M.M. 2005. Prevalence of 
physical activity in the United States: Behavioral Risk 
Factor Surveillance System, Preventing chronic disease. 
2005, 2,  
A17. 
 
Magon N., and Sheshaiah V.  2011. Gestational diabetes 
mellitus: Non - insulin management  Indian journal of 
endocrinology and metabolism, 15, 284-293. 
 
Magee M.S., Knopp R.H., Benedetti T.J. 1990. 
Metabolic effects of 1200-kcal diet in obese pregnant 
women with gestational diabetes. Diabetes ; 39(2), 234-
40. 
 
Major C.A., Henry M.J., De Veciana M.M., Morgan 
M.A.1998. The Effects of Carbohydrate Restriction in 
Patients With Diet-Controlled Gestational Diabetes. The 
American College of Obstetricians and Gynecologists , 
3-9. 
 
Mc Cance D.R., Damm P., Mathiesen E.R., Hod M., 
Kaaja R., Dunne F.2008. Evaluation of insulin antibodies 



Ph ton                                                                                                                                                                  299                                                                                                                             
 

and placental transfer of insulin aspart in pregnant 
women with type 1 diabetes mellitus. Diabetologia, 51, 
2141–3 
 
Metzger B.E.1991. Summary and recommendations of 
the Third International Workshop-Conference on 
Gestational Diabetes Mellitus. Diabetes Care, 30, S197–
S201. 
 
Metzger B.E. 2007. Long-term outcomes in mothers 
diagnosed with gestational diabetes mellitus and their 
offspring. Clincal Obstetrics and  Gynecology , 50, 972–
979 
 
Metzger B.E., Coustan D.M. 1998. Summary and 
recommendations of the Fourth International Workshop-
Conference on Gestational Diabetes Mellitus. Diabetes 
Care , 21,161 -B167 
 
Metzger B.E., Lowe L.P., Dyer A.R. 2008. HAPO Study 
Cooperative Research Group. Hyperglycemia and 
adverse pregnancy outcomes.New England Journal of 
Medicine., 358,1991–2002. 
 
Metzger B.E., Buchanan T.A., Coustan D.R., de Leiva 
A., Dunger D.B., Hadden D.R., Hod M., Kitzmiller J.L., 
Kjos S.L., Oats J.N., Pettitt D.J., Sacks D.A., Zoupas C. 
2007. Summary and recommendations of the Fifth 
International Workshop-Conference on Gestational 
Diabetes Mellitus. Diabetes Care. 30, S251-S260. 
Morris S.N., Johnson N.R. 2005. Exercise during 
pregnancy: a critical appraisal of the literature. Journal of 
Reprodroductive Medicine . 50, 181-188. 
 
National Collaborating Centre for Women’s and 
Children’s Health. Diabetes in Pregnancy(NCCWCH). 
2008. Management of Diabetes and Its Complications 
from Preconception to the Postnatal Period.  London, U 
K., RCOG Press. 
 
Naylor C.D.,  Sermer M., Chen E., Sykora K. 1999. 
Cesarean delivery in relation to birth weight and 
gestational glucose tolerance: pathophysiology or 
practice style, Journal of the American Medical 
Association, 275, 1165 -1170. 
 
Nutrient Requirements and Recommended Dietary 
Allowance for Indians. 2009. A report of expert group of 
Indian Council and Medical Research(ICMR). 
 
O’Sullivan J.B., Mahan C.M. 1964.  Criteria for the oral 
glucose tolerance test in pregnancy. Diabetes. 13, 278-
85. 
 
Peterson C.M., Peterson. J.L.1991. Percentage of 
carbohydrate and glycemic response to breakfast, lunch, 
and dinner in women with gestational diabetes. Diabetes 
, 172-74. 
Peterson L., Durak E.P, Peterson C.1989. Randomized 
trial of diet versus diet plus cardio vascular conditioning 
on glucose levels in gestational diabetes. American 
Journal of Obstetrics and Gynecology, 415-419 
 
Peterson L., Peterson C.M. 1992. Nutritional 
management of the obese gestational diabetic pregnant 
woman. Journal of the American College of Nutrition, 
11, 246-250 . 

Peterson L., Peterson C.M.1996. Exercise and the 
nutritional management of diabetes during pregnancy. 
Obstetric and Gynecology Clinics of North America, 
23,75–86. 
 
Peterson L., Peterson C.M., Metzger B.E.1991. Maternal  
postprandial glucose levels and infant birth weight: the 
Diabetes in Early Pregnancy Study. Americal Journal of 
Obstetrics and Gynecology,164, 103 -111, 
 
Pettitt D.J.,  Knowler W.C.,  Baird H.R.,  Bennett P.H. 
1980. Gestational DiabetesInfant and Maternal 
Complications of Pregnancy in Relation to Third-
Trimester Glucose Tolerance in the Pima Indians, 
Diabetes Care. 3, 458-464. 
 
Pettitt D.J., Bennett P.H., Saad M.F., Charles M.A., 
Nelson R.G., Knowler W.C. 1991. Abnormal glucose 
tolerance during pregnancy in Pima Indian women: long-
term effects on offspring. Diabetes, 40, 126 –30 
 
Pettitt D.J., Knowler W.C. 1998. Long-term effects of 
the intrauterine environment,birth weight, and breast-
feeding in PimaIndians. Diabetes Care 21, B138–B141. 
 
Price B.B., Amini S.B., Kappeler K. 2012: Effect on 
fitness and obstetric outcomes-a randomized trial. 
members. Journal of Medicine & Science in Sports & 
Exercise.  2263-9. 
 
Reader D.M. 2001. Medical Nutrition Therapy and 
Lifestyle Interventions. Diabetes Care , 30. S188-S193. 
 
Reece E.A. 2010.  The fetal and maternal consequences 
of gestational diabetes mellitus.  Journal of maternal fetal 
neionatal medicine, 23, 199-023 
 
Rosenn B.M., Miodovnik M. 2000. Glycemic control in 
the diabetic pregnancy: is tighter always better. Journal 
of Maternal and Fetal Medicine, 9, 29-34. 
 
Rowan J.A., Hague W.M., Gao W., Battin M.R., Moore 
M.P. 2008.  Metformin versus Insulin for the teratment 
of gestational diabetes. New England Journal of 
Medicine, 358, 2003-15. 
 
Sacks D.A., Fadil A.S., Greenspoon J.S., Fotheringham 
N.  1989. Do the current standards for glucose tolerance 
testing inpregnancy represent a valid conversion of 
O’Sullivan’s original criteria? Americal Journal of 
Obstetrics and Gynecology,161, 638 –641. 
 
Sacks D.A., Greenspoon J.S., Fadil A.S., Henry H.M., 
Wolde-Tsadik G, Yao JF(1995). Towards universal 
criteria for gestational diabetes:the 75-gram glucose 
tolerance test in pregnancy. Americal Journal of 
Obstetrics and Gynecology, 172, 607–614. 
 
Schaefer U.M., Songster G., Xiang A., Berkowitz K., 
Buchanan T.A., Kjos S.L.1997. Congenital 
malformations in offspring of women with 
hyperglycemia first detected during pregnancy. Americal 
Journal of Obstetrics and Gynecology, l17(5),1165-1171 
 
Scholl T.O., Sowers M.F., Chen X., Lenders C. 2001. 
Maternal Glucose Concentration Influences Fetal 



Ph ton                                                                                                                                                                  300                                                                                                                             
 

Growth, Gestation, and Pregnancy Complications. 
American Journal of Epidemiology , 154, 514-520. 
 
Scott D.A., Loveman E., McIntyre L., Waugh N.2002. 
Screening for gestational    diabetes: asystematic review 
and economic evaluation. Health technology assessment, 
6 (11), 1-161. 
 
Sermer M., Naylor C.D., Gare D.J.,  Kenshole A.B., 
Ritchie J.W., Farine D, Cohen H.R., McArthur K, 
Holzapfel S, Biringer A. 1995.  Impact of increasing 
carbohydrate intolerance on maternal-fetal outcomes in 
3637 women without gestational diabetes: theToronto 
Tri-Hospital Gestational Diabetes Project. Americal 
Journal of Obstetrics and Gynecology 173, 146–156. 
 
Setji T.L., Brown A.J., Feinglos M.N. 2005. Gestational 
Diabetes Mellitus. Clinical Diabetes, 23, 17-24. 
 
Sheffield J.S., Kosterv B.E.L., Casey B.M., McIntire 
D.D. 2002. Maternal diabetes mellitus and infant 
malformations. Obstetrics and Gynecology, 100, 925-
930. 
 
Simmons D.,Walters B., Rowan J.A., McIntyre H.D. 
Metformin therapy and diabetes in pregnancy. Medical 
Journal of Australia, 180, 462–464, 
 
Spellacy W.N., Miller S., Winegar A., Peterson 
Obstetrics and Gynecology , 66, 158 –161. 
 
Starcevic V., Djelmis J. 2004. Glycemic control and the 
risk of preeclampsia in women with gestational diabetes 
mellitus. Acta Clinica Croatica, 58(5), 367-71. 
 
Sternfeld B., Quesenberry C.P., Eskenazi B., Newman 
L.A. 1995. Exercise during pregnancy and pregnancy 
outcome. Journal of Science and Medicine in Sport and 
exercise, 634-40. 
 
Suhonen, Lauri 2000. Glycemic Control in Diabetic 
Pregnancies:Effects on Fetal and Maternal Outcome. 
Diabetologia, 43,79-82 
 
Sutherland H.W., Stowers J.M. 2012. Subsequent 
morbidity among gestational diabetic women. In: 
Carbohydrate metabolism in pregnancy and the newborn. 
New York: Churchill Livingstone, 174–80. 
 
Tallarigo L., Giampietro O., Penno G., Miccoli R., 
Gregori, G., Navalesi R. 1986 . Relation of Glucose 
Tolerance to Complications of Pregnancy in Nondiabetic 
Women. New England Journal of Medicine, 989-992. 
 
Thomas N., Chinta AJ., Sridhar S. 2013. Perinatal 
Outcome of Infants Born to Diabetic     Mothers in a 
Developing Country- Comparison of Insulin and Oral 
Hypoglycemic Agents. Indian Pediatrics , 289-293 
 
Timothy D.D., Knox K.L., Artal R., Aubry R.H., 
Wojtowycz M.A.1997. Physical activity, obesity, and 
diabetes in pregnancy. Americal Journal of 
Epidemiology, 146, 961–965. 
 
Tobias D.K, Zhang C.,  Dam R.M., Bowers K., Hu F.B. 
2010.  Physical Activity Before and During Pregnancy 

and Risk of Gestational Diabetes Mellitus. Diabetes care, 
1223-229. 
 
U.S. Preventive Services Task Force(USPSTF). 2008. 
Screening for gestational diabetes mellitus. . Annals of 
Internal Medicine,  148: 759 -765. 
World Health Organisation(WHO). 2013. Diagnostic 
Criteria and Classification of Hyperglycaemia First 
Detected in Pregnancy, WHO/NMH/NMD/13.2. World 
health Organisation. 
 
Xiang A.H., Peters R.K., Trigo E., Kjos S.L., Lee W.P., 
Buchanan T.A. 1999. Multiple metabolic defects during 
late pregnancy in women at high risk for type 2 diabetes 
mellitus. Diabetes; 48(4), 848-54. 
 
(O Sullivan JB 1964, NDDG, 1979, Carpenter MW 
1982, ADA,2010,Alberti KG 1998, IADPSG panel 
2010). 
 
WHO and IADPSG do not recommend monitoring 
beyond 2 hours in OGTT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For publications/ Enquiries/ Submissions:  
Email: photonjournal@yahoo.com 


