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Abstract

Body weight, glucose, insulin, and leptin were studied in children of mothers with
gestational diabetes, type 1 or type 2 diabetes. Breast milk of diabetic mothers was also analyzed
to study its relationship to childhood obesity. In the first 2 years of life, infants of mothers with
gestational diabetes have no significant difference in weight gain but by the age of 10, most of
the children birthed by any diabetic mothers were either overweight or obese. Children of
mothers diagnosed with diabetes mellitus type 2 have higher resistance to insulin than children of
mothers with other diabetes types. Leptin was observed to be negatively correlated with insulin
level in utero. Hyperinsulinemia was correlated with low leptin level in the fetal side of the
placenta. Lastly, milk of mothers with diabetes was found to have higher glucose, insulin, and
energy content than control group. By the age of 2, a significant number of breastfed children

whose mothers had diabetes were either overweight or obese.

Keywords: pregnancy, diabetes, prepubescent, childhood obesity
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Introduction

Since 1970, the number of children and adolescents with obesity have tripled.' Obesity is
defined as having excess body fat and can be measured using body mass index (BMI) screening
tools'. BMI is a person’s weight in kilograms divided by the square of a person’s height in
meters. The World Health Organization (WHO) publishes the growth chart that measures BMI of
infants less than 2 years old.! The WHO classify a child as having a high weight for length when
the child BMI is greater than the 98th percentile.' Once the child is 2 years old or older, the BMI
is then estimated using a growth chart issued by the Center for Disease Control (CDC) instead of
the growth chart from the WHO. The CDC defines obesity as BMI at or above the 95th

percentile for young people of the same age and sex.'

Childhood obesity has both immediate and long-term effects on physical, social, and
emotional health. A child who is obese is at higher risk of having other chronic conditions such
as type 2 diabetes, hypertension, metabolic syndrome, coronary heart disease, asthma, sleep
apnea, and bone and joint problems."'® An obese child is more likely to be bullied and teased,
which increase their risk for depression and lower-self-esteem.' For these reasons, it is crucial to
investigate if children of diabetic mothers are at an increased risk for developing obesity later in
life. If so, then appropriate screening, monitoring, and intervention can be implemented to

prevent the development of obesity in these young children.

There are many factors that influence childhood obesity such as poor dietary choices,

sedentary lifestyles, and genetic predisposition to certain diseases. Whiles most childhood
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obesity have resulted from poor eating habit and sedentary lifestyle, a significant amount of
children have also become overweight or obese from familial disease such as diabetes as well.!
Children who were born from mother with diabetes were thought to be at higher risk for
overweight and obesity later in life.'* There are several proposed mechanisms to help explain the
relationship between diabetes in mothers during pregnancy and the development of overweight
and obesity in the offspring later in life. One of the most notable hypothesis is the fuel-mediated
teratogenesis. The fuel-mediated teratogenesis proposes that intrauterine exposure to an excess
fuel such as glucose cause permanent fetal changes.'>'®!° A child who is developing in a diabetic
intrauterine environment is exposed to excess fuel (glucose). When a mother is diabetic, her
body cells become resistant to insulin which impairs her ability to digest glucose.'® This
free-floating glucose easily crosses the placenta and stimulates the fetus to produce additional
insulin to help take in the excess glucose.'®*! The excess glucose is then converted into glycogen
and stored muscles and liver cell.”>'® Any excess glucose that is beyond storage is then converted
into fat cells and is then stored as adipose tissues.'*'® This leads to growth in muscle and adipose
tissues in the fetus. Prolonged exposure to high level of glucose can then cause overgrowth of

muscles and adipose tissues in the developing fetus and thus can result in a macrosomic baby.

The fuel-mediated teratogenesis hypothesis applies to three major forms of diabetes that a
mother can have while she is pregnant. The three types of diabetes are gestational diabetes
mellitus (GDM), type 1 diabetes mellitus (DM1), and type 2 diabetes mellitus (DM2). A diabetes
diagnosis is given to an individual after he or she demonstrates a failure to digest glucose.? In a

normal setting, an elevation in glucose prompt the pancreas to secrete insulin to mitigate
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glucose.? Insulin reduces glucose level by stimulating glucose uptake by the muscles and adipose
tissues.'>!® Any dysfunction in this process will prevent glucose from being digested which result

in elevated glucose level in the body.

Each type of diabetes has a different epidemiology, and characteristic. The disease
pathology, presentation, and influence on pregnancy varies among each type of diabetes.
Gestational diabetes mellitus affects about 6% of pregnancies in the United States.’ The United
States Preventative Service Task Force (USPSTF) recommends screening for GDM after 24
weeks of gestation in all women without known diabetes mellitus.’ Screening involves a
two-step approach, first administering a 50-g non-fasting oral glucose challenge test at 24 to 28
weeks, followed by a 100-g fasting test for women who have a positive screening result.?
Alternatively, a one-step approach may be used where only a 75-g two-hour fasting oral glucose
tolerance test is administered. Pregnant women with GDM are at risk for preeclampsia,
macrosomia and shoulder dystocia in the child.> Both the mother and child also have an
increased risk for developing diabetes mellitus type 2 in the future.'* Similarly to gestational
diabetes, type 1 diabetes mellitus (DM1) also affect a significant portion of the world population.
Type 1 diabetes mellitus affects approximately 5% of the world population and is commonly
diagnosed during childhood or adolescence.>” DM is an autoimmune disease where the
pancreas does not produce insulin. The bodies immune system attacks the insulin-producing beta
cells in the pancreas rendering it nonfunctional.” A person with DM1 usually has unusual weight
loss, polyuria, polydipsia, polyphagia, lethargy, and blurred vision.> In contrast to DMI, type 2

diabetes mellitus is more of an adult-onset condition and is associated with relative impairment
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in insulin secretion. A person with DM2 are usually obese with BMI > 95th percentile, have
acanthosis nigricans, hypertension, dyslipidemia, and polycystic ovary syndrome in female.’
DM1 and DM2 are diagnosed based upon one of the four signs of abnormal glucose metabolism:
glycated hemoglobin (A1C), fasting plasma glucose (FPG), random elevated glucose with
symptoms, or abnormal oral glucose tolerance test (OGTT).? Whether it is type 1 or type 2, if not
adequately controlled, diabetes mellitus can cause serious complications for the child. These
complications include birth defects of brain, spine, and heart, stillbirth, miscarriage, macrosomia
leading to shoulder dystocia during delivery, hypoglycemia after birth, jaundice, and obesity

later in life.>’

Although diabetes during pregnancy plays an important responsibility in changes in fetal
development, other components in addition to diabetes were also found to contribute to
overweight and obesity in children. Such factors are leptin and the mother’s breast milk. Leptin
is a hormone that is predominantly synthesized by adipose cells.”'* It helps regulate energy
balance by inhibiting hunger. It is often referred to as ‘the hormone of energy expenditure’. In
obesity, there is a decrease in sensitivity or resistance to leptin.”'* This result in an inability to
detect satiety despite excess in energy storage and elevated levels of leptin.'* It is thought that
children who are born from mother with diabetes have altered leptin protein which predisposes
them to leptin resistance and thus obesity later in life.'” Likewise, some research studies
suggested that there may be a change in diabetic mothers’ breast milk composition.'" It is thought
that breast milk from mother with diabetes has higher nutrient and fat concentration which

contributes to rapid weight gain and overweight or obesity in infants.'"-'?
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With that said, this research study investigates whether maternal diabetes status plays a
role in fetal obesity during childhood and whether the different types of diabetes mellitus during
pregnancy have any contribution to obesity in early childhood. Factors that are being observed
include children weight gain, glucose tolerance, insulin sensitivity, leptin resistance, and the
mother’s breast milk composition. The result from this study may implicate future health

awareness in children of mothers with diabetes.

Background
Gestational Diabetes Mellitus

Once a woman is diagnosed with gestational diabetes mellitus, a treatment plan is
initiated soon after in order to reduce maternal and fetal complications. This is to prevent fetal
prolonged exposure to hyperglycemia. Hyperglycemia exposure induces fetal metabolism to
produce excess insulin to help digest the mother’s glucose which, in turn, can cause overgrowth
in fetal body cells. The excess nutrients get stored as fats and deposit in various areas of the
body, thus increasing the fetal body weight and putting the fetus at risk for macrosomia (> 4,000
gm).

Many of the available research studies focus on GDM more than other types of diabetes
mellitus. A large proportion of the studies found little to no abnormal increase in BMI in the first
4 years of life.!>!1820 The largest predictor of childhood obesity in offspring of gestational
diabetes mother was overweight or obesity in the first few months of life. A study from the

University Medicine Berlin analyzed weight gain of 152 offspring of diabetic mothers in their
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first 4 months of life.** They found that weight gain during the first 4 months of life was
positively related to the childhood relative body weight later in life. Every 100-gram increase in
weight increases a child’s overweight risk by 65%.%° In addition to that, the offspring of diabetic
mothers with rapid early weight gain had more than a six-fold increased risk of later

t.20

overweight.”” One major drawback of this study is the ability to estimate how much milk intake a

child is getting on a daily basis.

Another study published in the American Journal of Obstetrics and Gynecology
investigated the risk of childhood obesity in toddler offspring of mothers with GDM.'® They
compared pre-pregnancy BMI, weight gain, demographic, birth weight, and follow up childhood
BMI between 2-4 years. There were 203 women/toddler pairs with GDM to 2148 women/toddler
pairs with no GDM.'¢ It was found that there was no statistically significant difference in the rate
of childhood obesity in this population than those with no GDM.'® Interestingly, they noted that
birth weights of GDM infants tended to be lower than those of non GDM mothers at 3388 grams
versus 3448 grams in non-GDM. Although this may be due to mothers with GDM delivering
their child earlier than those with no GDM. Mothers with GDM deliver a child on average at

39.4 weeks versus 39.8 weeks for non-GDM mothers.'®

Furthermore, a third study research in Europe also found no significant increase in BMI
in offspring of GDM mothers. This was a large family study in Belfast with a total of 1,165
offspring ages 22 to 30 months old from the Belfast, Northern Ireland center.?! They acquired a

very high rate of follow up. They found the overall correlation between maternal glucose during
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pregnancy and BMI score of the children at age 2 years old to be weak.”' The Belfast study
concluded that with offspring of women with diabetes during pregnancy, the obesity associated
with elevated maternal glucose concentrations resolves during the 1st or 2nd year of life.?! They
also found that offspring of diabetic women return to non-overweight or non-obese weight by

their 2nd year of life.”!

The studies mentioned above found little to no weight effect on offsprings of GDM
mothers in toddlers up to 4 years old. As the investigation progresses to older ages, other studies
reveal conflicting information in regards to diabetes mellitus and overweight or obesity in early
childhood. In 2018, a systematic review and meta-analysis on obesity and abnormal glucose
tolerance in offspring of diabetic mothers were published.'” Initially, it was found that children of
GDM mothers had a significantly higher risk of obesity or overweight, and higher than normal
fasting plasma glucose than children of non-diabetic mothers."” Then a sensitivity analysis was
conducted, where the mother’s pre-pregnancy BMI was added to the statistical analysis. Once
the mother’s pre-pregnancy weight was adjusted, the association of overweight and obesity was
no longer significant.”” The systematic review and meta-analysis found no significant difference
for fasting plasma glucose between mothers with GDM and control group in offspring ages 7 to
10 years old."” The systematic review and meta-analysis is consistent with the Belgium study,

Belfast study, and the study from American Journal of Obstetrics and Gynecology.

In contrast to the systematic review and meta-analysis, a study from the United Kingdom

stated otherwise.” They study the association of existing diabetes, gestational diabetes and



Obesity in children of diabetic mothers 11

glycosuria in pregnancy with macrosomia and offspring body mass index and fat mass in later
childhood. This was a prospective pregnancy cohort study. Data was collected from 10,591
mother/offspring pairs participants.” They found that women with existing diabetes, GDM, and
those with at least two episodes of positive glycosuria have greater mean birthweight and greater
odds for macrosomia than women without those characteristics.” Additionally, in 6,842
mother-offspring pairs for ages 9 to 11 years old, maternal GDM and glycosuria were associated
with an increase in offspring odds for general and central overweight or obesity.” In mothers with
GDM, such association was still insignificant once the mothers’ pre-pregnancy BMI was

adjusted for.’

In brief, the children of mothers with gestational diabetes during pregnancy were found to
have no significant risk of abnormal weight gain during the first 8 years of life. The children may
appear to be at risk for overweight or obesity during infantile stages through rapid weight gain
but once they reach 3 years old as a toddler, the risk dissipates. It was also found that as the
child of gestational diabetes mothers enters a pre-pubescent period, the increased risk for

overweight and obesity returns.

Type 1 Diabetes Mellitus

Through the aspect of insulin exposure, unlike gestational diabetes where the infants may
only be exposed to elevated glucose for half of the pregnancy period, in type 1 diabetes mellitus,
infants would be exposed to elevated glucose throughout the entire pregnancy period. Since

DM1 is an autoimmune disorder where the mother’s pancreatic beta cells are being destroyed by
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her own immune system, the mother’s glucose level would continually be elevated on a daily
basis. With that said, it is essential that the mother’s insulin is well under control to prevent
overgrowth of tissues in the fetus from the increase in glucose.??! It was thought that continuous
exposure to elevated glucose level may alter the infant glucose digestion and therefore affecting
fasting glucose and plasma glucose. Two research studies found that offspring of DM1 mothers
have a tendency to be more prone to becoming more overweight or obese than mothers with
GDM or DM2, and the control group.'**! However, when both of the studies examine the
offsprings fasting glucose and plasma glucose, they found no significant differences between

offspring of DM1 and the referencing population.

One of the two studies that investigated the effect of DM1 in mothers on childhood
obesity is a systematic review and meta-analysis."> They found a significantly higher BMI in
offspring of DM1 mothers. Even with aggressive therapeutic intervention on the mother during
pregnancy to control glycemic levels, there was still no reduction in the rate of childhood obesity
or impaired fasting glucose in children ages 5 to 10 years old compared to control group.'> When
a sensitivity analysis was conducted using the mother’s prepregnancy BMI, the significance in
the rate of overweight and obesity did not change. The study hypothesized that this may be due
to prolonged intrauterine exposure to hyperglycemia leading to offspring with higher birthweight
or macrosomia. As a consequent, macrosomia has then predisposed a child to become
overweight or obese later in life."” In contrary to that the study found no significant differences in
fasting plasma glucose in children ages 7 -10 with a DM1 mother. They also found no significant

2-hour plasma glucose differences in children ages 7 - 10 with DM 1 mother."
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The second study is a nationwide follow-up research study in the Netherlands. It also
supported the results from the systematic review. This nationwide study followed infants born
from Dutch hospitals between April of 1999 and April of 2000.?' They collected information
from 213 offspring of mothers with DM1 who were between the ages 6-8 years old. Their study
results show that children who were born macrosomic become overweight twice as much as
non-macrosomic children. The elevated BMI was present as early as 6 months of age along with
an increase in insulin resistance.?' Although, with adequate control and treatment of DM1 during
pregnancy, the long-term effect on body composition in offspring and prevalence of overweight
or obesity were not different compared to those of reference population. The study suggested that
the only two independent predictors of early childhood overweight and obesity were fetal
macrosomia and maternal overweight.?' Similar to the results from the systematic review, this
Netherlands study found that offspring of DM mothers who were severely macrosomic (> 97th
percentile) at birth showed no increase in insulin resistance. However, insulin resistance was

significantly higher in children that became overweight later in life around ages 6 - 8 years old.*!

To sum up, infant of mothers with type 1 diabetes who were macrosomic at birth are at
highest risk for overweight and obesity by the age of 10 years old. However, despite being
macrosomic at birth, these children were found to have no significant difference in fasting
plasma glucose and no difference in 2-hour plasma glucose. Although it was noted that children
who do become overweight or obese by age 8 years old tend to have significantly higher insulin

resistance than normal.
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Type 2 Diabetes Mellitus

Alternatively, to type 1 diabetes, type 2 diabetes mellitus occurs when the pancreas
produces insufficient amounts of the insulin hormone and the body's tissues become resistant to
normal or elevated levels of insulin. As a result of insulin not being able to signal for glucose
uptake into cells, glucose level rises. Since such increase insulin has suspected to be involved in
the metabolic programming of the fetus, it is the focus of many research studies. Amniotic fluid
is frequently used to measure insulin in study researches. Insulin can be measured in amniotic
fluid because it crosses the placenta as part of antibody-insulin complexes.®”® This reflects both
fetal insulin secretion and maternal insulin. It was hypothesized that maternal insulin could be a
marker of insulin resistance in the mother and that there is some similarity in insulin resistance in

the rest of the family.”®

One small controlled study looked at the level of insulin sensitivity in offspring of DM2
ages 5 to 10 years old. They compared 17 offspring of DM1 mothers and 10 offspring of DM2
mothers.® Each child was given an infusion of IV dextrose and then 2 millimeters of blood was
collected for insulin testing at increments of 1,2,5, and 10 minutes over a period of 90 minutes.
They found that the BMI score and percentage fat mass in the children and in the mothers were
negatively correlated with offspring insulin sensitivity.® However, children of mothers with type
2 diabetes were more overweight or obese with a tendency for a reduced insulin sensitivity.® The
study suggested that adiposity is likely to have contributed to the lower insulin sensitivity in

offspring of DM2 mothers, given the negative correlation between increased weight and insulin
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sensitivity.® In addition to this finding, all of the mothers with DM2 were older and obese with

BMI greater than 30 kg/m?2 at the start of pregnancy.®

With that said, it was found that children of mothers with type 2 diabetes have the
propensity to be more overweight or obese than normal. There was a hypothesis that maybe
offspring of women with type 2 diabetes are exposed to a unique metabolic perturbation in
addition to hyperglycemia that induces them to be more overweight or obese.® Currently, there
are inadequate studies for rates of childhood obesity or overweight in offspring of DM2 mothers.
There are no studies looking at diabetes and plasma glucose in children of DM2 mother."” More

research on DM2 and early childhood obesity should be conducted to investigate further.

Leptin and Diabetes Mellitus

Leptin is a hormone that responds to appetite and weight control. Leptin is secreted by
the placenta and from adipose tissues. It mediates long-term regulation of energy balance by
suppressing food intake, and thus induces weight loss. During normal gestation, the placenta
produces leptin. Increasing levels of leptin in the bloodstream are then compensated by the
hypothalamic leptin resistance, which is required to increase food intake.”'*!* Then around
mid-gestation, insulin resistance progressively increases and is mediated by increased in

adiposity and placental hormones.'

The relationship between leptin levels and the intrauterine growth pattern and insulin

level was observed in several studies. Leptin is also thought to counter-regulate insulin and may
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be involved in obesity and energy distribution. One hypothesis proposed that high level of

insulin in the fetal bloodstream during development can induce insulin and leptin resistance via
downregulation of insulin and leptin receptors on cells.'® Polyphagia or excessive hunger can be
a result from insulin and leptin resistance, which can lead to hyperinsulinemia and growth of fat

cells. Overgrowth in fat cells in utero and postnatally increases the risk of obesity early in

childhood. "'*

Several studies found that when leptin was measured at birth, high levels of leptin was
positively related to infant birth weight and fetal adipose tissues.”'*!'* When comparing leptin
and insulin levels between diabetic mothers and non-diabetic mothers, both leptin and insulin
levels were significantly higher in diabetic mothers than in nondiabetic mothers. Leptin level was
the only factor that was found to be positively correlated with insulin levels, the mothers’ BMI,
and the mothers’ age.” In the diabetic mothers’ group, only insulin levels showed a positive
correlation with leptin. Whereas in non-diabetic mothers, age was the correlation with leptin
levels.” These findings were supported by two other research studies, where GDM exposure was

associated with both elevated leptin and insulin in the bloodstream of the newborn.”*

It is still unknown as to what mechanism cause an elevated leptin level in diabetes. A
study in 2014 from the American Journal of Obstetrics and Gynecology explored the concept of
leptin DNA methylation in gestational diabetes and obese mothers. They observed that higher
leptin DNA methylation was found in GDM placenta compared to non-GDM control.'® There

was also a report from studies that as glucose level rise in the placenta of the fetal side, leptin
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DNA methylation in placenta on fetal side decreases.'” In contrast to that, as glucose of the
placenta on the mother side rises, leptin DNA methylation also tandemly increases.'® With that
said, the study postulated that their observation of higher leptin promoter DNA methylation in
placenta from especially obese pregnancy could result in lower placenta leptin production due to
a mechanism of resistance in response to basal excess leptin in the bloodstream of the mother.'
Since there is an inverse relation between leptin and insulin in the developing fetus, low leptin
across the placenta induces an increase in fetal insulin level. This programming could increase

the risk of overweight and obesity during childhood.

In summary, it was found that infant of mothers with diabetes has low leptin level and
high insulin level. A low leptin level would mean that these children are unable to detect satiety
and suppress their hunger. Which in turn program themselves to overeat and cause them to gain
more weight. The study of DNA methylation is one of the few types of researches that analyze
leptin in relation to diabetes in pregnancy. Currently, the result of this study is not quite
adequate to create any hypothesis. There are also many studies that associate leptin with various
health conditions. So, more research is warranted to investigate its specific role in diabetes in

pregnancy and childhood obesity.

Milk Composition of Mother with Diabetes Mellitus
Aside from insulin, glucose, and leptin affecting infant of mothers with diabetes, breast
milk composition has also been questioned. Both the CDC and WHO suggested that

breastfeeding may be protective against obesity and diabetes in later life.* The WHO even



Obesity in children of diabetic mothers 18

recommends breastfeeding as the ideal way of providing nutrition to infants especially in the first
6 months of life.* But to date, the role of breastfeeding in offspring of mothers with diabetes has
not been investigated closely. Only two studies seemed to show some evidence that challenges

the CDC and WHO breastfeeding recommendations.

One of the two studies from the American Diabetes Association analyzed the
composition of diabetic mother’s milk'' When energy content and macronutrient of breast milk
from women with diabetes were characterized, an increase in the concentration of glucose and
insulin and higher energy content was observed. Breast milk from non-diabetic mothers does not
have as high of energy content found in breast milk of diabetic mothers.!" Even when the
diabetic mother has good metabolic control, significant modifications were found in the
colostrum and transitional milk.'"'* This study speculate that even a small increase in energy
intake from altered breast milk composition may have a long-term effect on body weight and

metabolism for offsprings of diabetic mothers later in life."

A different study on long-term impact of neonatal breast feeding on body weight and
glucose tolerance in children of diabetic mothers found that infants with high intake of breast
milk from their diabetic mother had higher body weight at 2 years old than those of control.'?
This result was found to be independent of birth weight, gestational age, sex age, type of
maternal diabetes, or maternal BMI.'? Impaired glucose tolerance was also noted in children that

breastfeed from diabetic mothers.'? In contrast, there was a reduction in impaired glucose

tolerance in children that received banked donor breast milk.'?
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To sum up, it was found that diabetic mothers’ breast milk has more fat content, higher
concentration glucose, and nutrients than non diabetic mothers’ breast milk. Not only that,
children that breastfeed by diabetic mothers have higher body weight and impaired glucose
tolerance more than those breastfeed by donor breast milk. These are the only two studies that
analyze the content of breast milk in diabetic mothers and its effect on childhood overweight and
obesity. These research studies are also the first to identify a change in breast milk composition
in diabetic mothers that increase the risk of overweight or obesity in toddlers. Further

investigation should be conducted in the future before any conclusion can be made.

Method

The research articles for this research was selected using OneSearch online library
database. The key words “diabetic mother and childhood obesity” yielded 2,878 results in
relevant journals and peer reviewed articles. Inclusion criteria are gestational diabetes, DM1, and
DM2, non-diabetic control, and singleton offspring. Exclusion criteria are variables known to
affect infant birth weight such as hypertensive disorders, smoking, alcohol, and multiple
gestations. Literature publication date was limited to those that were published from the year

2000 to 2018.

Fifteen articles were selected for this research. Articles that were selected were from the
American Diabetes Association, Public Library Of Science, American Journal of Obstetrics and

Gynecology, Biomed Central, Journal of Perinatal Medicine, and Royal College of Pediatrics
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and Child Health. Resources are not limited to those only published in the United States. General
information, facts, and current statistics were from government websites such as the Center for
Disease Control and the World Health Organization. Specific recommendations for current
practice to manage or screen for diseases are sourced from American Academy of Family

Physician, American Academy of Pediatrics, and Uptodate.

Discussion

The primary purpose of this study was to examine whether children of diabetic mothers
in comparison to children of nondiabetic mothers at an increased risk for developing obesity in
the first 10 years of life. Previous research suggests that children of mothers with any type of
diabetes mellitus are at increased risk for developing not only diabetes mellitus but central
obesity later in life as well. The specificity of the timing when such an effect is to be expected is
not very clear. There are also not many published works of literature explore the effect of

diabetes mellitus during pregnancy on pre-pubescent children.

This study revealed no significant differences in weight gain in children of GDM mothers
in the first 2 years of life than the control group.” A significant increase in weight gain is
apparent only in offspring who are older than 7 years old when the mother pre-pregnancy BMI
was not accounted for."> Once the mother’s BMI was adjusted in some of the studies, it was
found that there is no significant finding between children of GDM mothers and control group.'
Not all research studies adjusted for the mother’s pre-pregnancy weight. With that said, the

results that were found have lower sensitivity factor. Overweight and obesity were more
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prevalent among children ages greater than 6 years old in those with GDM mothers.'>*

In contrary, the offspring of DM1 and DM2 have significantly more weight gain than
those of the control group. Offspring of DM 1 were observed to have higher BMI at as young as 6
months of age.”’ Whereas offspring of DM2 tend to be larger for gestational age at birth and are
heavier than offspring of nondiabetic mothers.* Overall, one predictive factor that confidently
confirms risk for later overweight and obesity in children of a mother with any diabetes type is
macrosomic infants.® This correlation was apparent in all studies and is considered an
independent factor to predict overweight or obesity in early childhood supporting the thesis
question above. Such results suggest that children of mothers with diabetes may have normal
weight gain in the first few years of life, but as they age, they become more prone to be

overweight or obese.

A number of speculations have been made to explain the GDM mother versus DM1
mother and childhood obesity phenomenon. It was thought that DM1 mothers expose the fetus to
intrauterine hyperglycemia for the whole duration of pregnancy period while GDM mother
exposed the fetus to hyperglycemia only during the second half of the pregnancy. Relating back
to the fuel mediated teratogenesis, it was correlated that the longer a fetus is exposed to an
elevated level of glucose, the higher risk for overweight and obesity. Other factors that support
this finding are the children’s glucose tolerance, insulin sensitivity, leptin level, and mother’s

milk composition.
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An interesting finding was the relationship between each type of diabetes and its effect on
the child’s glucose level and glucose tolerance. There is no significant finding in fasting glucose
but higher 2-hour plasma glucose tolerance tests were observed in offspring of GDM mothers."
There was no difference in fasting glucose and 2-hour glucose observed in children of DM1
mother. Significant finding for elevated glucose and insulin resistance, however, was higher in
children of DM1 that become overweight or obese later in life around ages 6-8-year-old."'>*!
Whereas children of a mother with DM2 who were overweight or obese tend to have lower
insulin sensitivity. It was proposed that maybe offspring of DM2 mothers are exposed to a
unique metabolic disturbance than those in GDM and DM in addition to the elevated glucose
level. This finding implicates that maybe fasting glucose or glucose tolerance test should be
implemented as part of health maintenance of children with diabetic mothers. A specific
conclusion cannot be made at this moment since there is a limited amount of information and

literature published that studies glucose and insulin in prepubescent children.

In relation to insulin sensitivity, leptin hormone was also observed. A positive correlation
was observed between insulin and leptin level in mothers with diabetes. As the women become
more insulin resistant, her leptin level also increases. Leptin DNA methylation was specifically
found to be the causes of elevated leptin level. As glucose concentration rise in the fetal side of
the placenta, DNA methylation of leptin decreases in the fetus.!®?* Low leptin level in the
placenta in turn cause an increase in insulin level in the fetus in utero.'® This relationship
increases the risk for overweight and obesity in the child. Leptin not only was associated with

obesity, other literature linked leptin to stress, reproduction, and even breast cancer to name a
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few. Since leptin hormone is loosely associated with many variables in health disorder, further

research should be implemented before any affirmation can be made.

Furthermore, only two research studies analyzed the relationship between breast milk of a
diabetic mother and its effect on childhood weight gain. The result showed an increase in insulin,
glucose, and higher energy content in breastmilk of diabetic mothers than mothers without
diabetes.'""'* Infants who acquire nutrients from diabetic mothers were observed to have higher
body weight for height by age 2.'* This study provides the association that breastmilk to have a
negative effect on an infant’s health. This information may not be well received by the general
public because of the strong push with breastfeeding from both the WHO and CDC. With
breastfeeding being so widely supported, it is not recommended to discourage diabetic mothers

from breastfeeding their child.

All in all, many points of limitation were prominent in each literature. The sample size
was extremely small for several studies; the majority of the research has samples size of fewer
than 500 participants. Some of the studies had only had approximately 100 participants overall.
The larger sample size was observed only in systematic reviews and meta-analysis. In one of the
controlled studies, there were only 10 participants in each category under study. Not only that,
the research groups were not proportionally sampled. There was a tendency to have a much
larger sample for the control group than the diabetes group. Since pregnancies are generally
healthy, it may be difficult to find research sample for diabetes groups. Not only that, it was not

clear how many boys or girls were being analyzed. There were rare if any sort of distinction
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between male and female children who were involved in the studies. Variation in sample size
and absent in reports of sample population can significantly skew data result from one way to
another. In addition to sample size, there were many lost to follow up. This further lowers the
pool of sample size even more. Other limitation includes referencing previous studies that are
very old and outdated. such from more than 30 years ago as those that were done in the late

1980s.

Certain confounding factors that were unable to exclude from the studies were noted as
well. One confounding factor was obtaining the mother’s pre-pregnancy BMI. Only half of the
study cited in this article have pre-pregnancy BMI adjustment. Moreover, factors such as
monitoring weight gain during pregnancy, duration or intensity of breastfeeding, children dietary
intake, children physical activity level and intensity, and energy expenditure in comparison to

caloric intake.

Conclusion

All in all, by the age of 10, most of the children given birth to any diabetic mothers were
either overweight or obese. Children of mothers diagnosed with diabetes mellitus 2 have higher
resistance to insulin than children with mother of other diabetes types and leptin was observed to
be negatively correlated with insulin level in fetal circulation. Hyperinsulinemia was correlated
with low leptin level in the fetal side of the placenta. Breast Milk of mother with diabetes was
found to have higher glucose, insulin, and energy than the control group. Future research

involving a large number of subjects that start prior to conception to birth to children age 10 are
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needed.

An ideal prospective cohort study research design should include at least 2000
participants of mothers of all ethnic background in the Midwest region of the United States. In
order to be able to obtain such a large quantity of participants, a collaboration between OBGYN
clinical offices and pediatric clinics should be arranged. There should be an equal number in
representative with 500 participants in each category of gestational diabetes, type 1 diabetes,
type 2 diabetes, and control group. Inclusion criteria are gestational diabetes, DM 1, and DM2,
non-diabetic control, and singleton offspring. Exclusion criteria are variables known to affect

infant birth weight such as hypertensive disorders, smoking, alcohol, and multiple gestations.

Data to be collected from the mothers are weight, glucose, insulin, and leptin level.
Weights should consist of self-report pre-pregnancy weight, end of first trimester weight, end of
second trimester weight, and end of third trimester weight. Glucose, insulin, and leptin level

should be collected via venipuncture starting at 8 weeks gestation then every 4 weeks on after

until the birth of the child.

Data to be collected from the children are also weight, glucose, insulin, and leptin level.
Weights should be collected at 6 months, 1 year, and every year after until age 10. Glucose,
insulin, and leptin level should be collected via heel poke or venipuncture starting at birth, then 1
year then yearly after until age 10. In order to control for consistent, follow up, these data should

be collected at the time of annual well child check if possible.



Obesity in children of diabetic mothers 26

Factors to be adjusted for in this ideal study are infant weight, caloric intake, and level of
physical activity. Infant weights should be adjusted for breastfed versus formula fed infant ages 6
months and 1 year old. Since formula fed infant tends to gain more weight than a breastfed
infant. Caloric intake should be measured based on an estimate of a daily amount of caloric
intake in a typical week. Physical activity level should be classified using the MET for grading
of metabolic equivalence. Low intensity activity includes walking around home, sitting at
computer or TV, and eating. Moderate intensity includes brisk walking, vacuuming, and shooting

basketball. High intensity includes running, swimming, soccer, and jump rope.

This study design is feasible because there are studies similar to this published in the past.
Limitation for this study design is having mother self-report pre-pregnancy BMI, and daily
physical activity recall and recording. Since a mother perspective on what is considered high
intensity for the year may be different from each other. One may overestimate or underestimate

their child level of energy expenditure.
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