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ABSTRACT

Background: Authors successfully treated gestational diabetes by a very low carbohydrate diet without insulin and other drugs. Increased ketone
bodies seemed to play an essential role in energy metabolism, and the fetus and newborn also showed hyperketosis. It is necessary to clarify how
much ketone bodies were present in the placenta and umbilical cord in the fetus and newborn and the pregnant mother with or without gestational
diabetes.

Subjects and Methods: All cases were patients of Muneta OB/GYN Clinic in Chiba, where about 700 deliveries were done every year, 90%
normal and 10% gestational diabetic. Blood of 313 mothers and babies at health check-up postpartum, 192 samples of placenta and cord blood at
the delivery, and 122 cases were obtained at the time of miscarriage. Abbott's kit measured BHB, and 101 samples obtained at the post partem
health check-up were biochemically analyzed for both BHB and glucose. The IBM-SPSS did the statistical analysis.

Results: BHB in Mothers' and newborns' blood at four days postpartum was 0.062 and 0.244 mmole/L (median), respectively, and glucose was
4.55+0.81 mmole/L. BHB was high throughout the pregnancy; In the placenta, BHB in the first-, second-and-third trimester was 1.95+0.9 mmole/L,
2.82+0.49 mmole/L, 1.87+0,65 mM/L, respectively. In the cord blood, it was 2.3+1.13 mmole/L, 1.36+0.76 mmole/L, and 0.69+0.6 mmole/L,
respectively. Placental BHB at the delivery was 1.99+0.78 mmole/L, and that of the umbilical cord was 0.75+0.36 mmole/L. In the first trimester
miscarriage, BHB in spontaneous abortion was 1.84:+0.85 mmole/L, while it was 2.09+0.94 mmole/L in artificial abortion. Aborted cases in the
second trimester showed 1.9640.38 mmole/L fHB and 3.74+0.75 mmole/L glucose in the cerebrospinal fluid.

Discussion: Our data showed BHB and glucose concentration in the human fetus and newborn under the normal physiological condition. BHB was
present in the placenta and umbilical cord blood throughout fetal life and after birth. Different concentrations between the placenta and umbilical
cord blood suggested the fetus's uptake for energy and intrauterine growth. High BHB in the cerebrospinal fluid suggested the effects on neuronal
development.
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INTRODUCTION

In recent years, the prevalence of gestational diabetes has
been increasing due to the obesity epidemic, late marriage,
and late childbirth. When pregnant women with diabetes
mellitus and with gestational diabetes are combined, about
10-15% of all pregnant women are associated with diabetes
during pregnancy [1,2]. The incidence of preeclampsia,
macrosomia, and shoulder dystocia should increase without
proper treatment. When diet and lifestyle intervention do not
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result in adequate glucose control, treatment with insulin
begins. We succeeded in the treatment of gestational
diabetes by the super-low carbohydrate diet [3,4]. On that
occasion, hyperketosis occurred in mothers. A low level of
ketones, especially beta-hydroxybutyric acid (BHB), is
present, so diabetic ketoacidosis has been worried. Mother's
body fat changes are of particular importance. In early
pregnancy, the mother's body accumulates adipose tissue
supply for the fetus. A pregnant woman's appetite is strongly
stimulated by increased placental lactogen, progesterone,
and prolactin production. Acceleration of insulin production
is also supportive. Hyperinsulinemia stimulates lipogenesis
and decreases lipolysis, which results in the accumulation of
fat tissue. In the second half of pregnancy, catabolic
processes are observed by increased placental hormones and
cytokine concentration [5,6]. The availability of free fatty
acids increases for the maternal energy source by lipolysis
according to the fetus's increased glucose requirement.
These mechanisms are responsible for increased ketogenesis
during pregnancy and are three times higher at night among
pregnant women than among nonpregnant women [7,8]. On
that occasion, hyperketosis occurred, mainly BHB increased.
BHB becomes an energy source instead of glucose [9,10].
Fasting increased the BHB level by the decreased glucose
level [11,12]. Our super-low carbohydrate diet comprises
MEC (meat, egg, cheese) and coconut oil, and the
bodyweight of gestational diabetic patients decreased
without a hungry feeling [13]. Postprandial hyperglycemia
does not occur, and insulin treatment was not necessary. The
complication of gestational diabetes does not appear in
obese pregnant women, and all our cases achieved a smooth
standard delivery [14]. To know the effects of a mother's
ketosis on the fetus, we studied the BHB concentration of the
placenta and umbilical cord blood throughout fetal life and
after delivery. The Association of British Clinical
Diabetologists defines PHB blood concentration as the best
way to monitor diabetic ketoacidosis. However, the
American and the Polish Diabetes Association are not in
favor of any of these methods [15,16].

SUBJECTS AND METHODS

All cases were patients of Muneta OB/GYN Clinic in Chiba,
where about 700 deliveries were done every year, about 90%
normal and 10% gestational diabetic. Clinical summary and
anthropometric data of mothers, course of pregnancy, and
delivery records were made from the clinical chart. All
mothers who participated in this study gave written informed
consent for measuring ketone and glucose of their baby and
fetus in miscarriage. Three hundred thirteen cases provided
both mothers’ and newborns’ blood to compare BHB
concentration. We obtained one hundred-one samples at the
post partem health check-up (blood only). Eighty-four
samples of placenta and cord blood were obtained for PHB
measurement at the delivery. Besides, 174 fetuses provided
placenta and cord blood. We also received cerebrospinal
fluid from 11 fetuses at spontaneous and artificial
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miscarriage. We summarized all data in the Excel database
and the statistical analysis done by IBM-SPSS ver. 25
Measurement of PHB and glucose We applied Abbott's
Precision Exceed Kit to measure BHB and glucose (No.
44562003, registration 22300AMX00567000; Abbott Japan,
Kashiwa, Chiba, Japan) [17]. The usual range of BHB in a
healthy person's blood is less than 0.085 mmole/L, and its
measurement range is from 0.03 to 8.0 mmole/L. This kit's
detailed information can be obtained in the HP of Abbott
Co., Inc. [18]. Abbott's Precision Kit measured glucose at
the same time. Fresh placental tissue fluid was sampled by
pressure for measurement. The accuracy and reliability were
confirmed by the comparison between Abbott's kit and
biochemical analysis. The regression equation was
Y=1.0372X+354.23 (R?>=0.8668).

Statistical analyses

All data were summarized in the Excel database, and the
statistical analysis was done by SPSS ver. 25 [19]. The
average, standard deviation, the median of each variable was
calculated. Correlation analysis between the placenta and
umbilical cord BHB was done. Boxplot graphs were used to
show a non-parametric distribution. Data were shown as the
mean + standard deviation or median when the distribution
was not normal. The statistical significance level was set at
p<0.05.

Ethical considerations

This study was conducted in compliance with ethical
principles based on the Declaration of Helsinki, the Ethical
Guidelines for Research in the medical field for Human
beings, and the Good Clinical Practice (GCP) conduction.
“Ethical Guidelines for Epidemiology Research” proposed
by the Ministry of Education, Culture, Sports, Science, and
Technology, and the Ministry of Health, Labor, and Welfare
were also applied. The Ethical Committee approved the
research plan in the Life science Promoting Association
(#2016-3) and the Ethical Committee for the Clinical
Research in the Muneta Maternal Clinic. This investigation
has been registered by the National University Hospital
Council of Japan, which is # R000046730.

RESULTS

BHB after the delivery was 0.062 mmole/L (median) in
mothers’, and 0.156 mmole/L (median) in newborn. (Table
1). Correlation between mother and child BHB was
significantly high, but paired analysis showed no significant
correlation (p=0.135). Mothers’ total ketone bodies were
positively correlated with mother’s BHB and baby's total
ketones but negatively correlated with baby's PHB. BHB
occupied 86.5£6.9% of total ketones in babies, but it was
67.3+12.2% in mothers.
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Table 1. BHB and total ketones in mothers and newborns blood.

Mother total Mother BHB  Newborn total  Newborn fHB

n 313 313 313 313
mean 0.353 0.278 0.285 0.244
median 0.099 0.062 0.178 0.156
sd 0.619 0.515 0.320 0.267
max 5.350 4.465 2.374 1.980

Four days after the delivery, the BHB of newborn blood was  in the range. The bodyweight of the newborn was 3085+440
0.24+0.12 mmole/L, 0.10-0.80 mmol/L in range, and g. Placental BHB at the delivery was 1.99+0.78 mmole/L,
glucose was 4.55+0.81 mmole/L (Figures 1 & 2). For the and umbilical cord blood was 0.75+0.36 mmole/L (Figure
newborn at 30 days, the BHB value was 0.37 mmol/L on 3). The concentration of BHB was about one-third of
average, 0.40 mmol/L in the median, and 0.20-0.70 mmol/L.  placental BHB.
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Figure 1. Correlation between BHB in the blood of the mother and newborn.
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Figure 2. Simultaneously measured fHB and glucose in the infant blood at 4 days post-delivery.
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Figure 3. Correlation between the placenta and cord blood BHB.

Placental and cord blood BHB were relatively stable in the
third trimester, but it seemed to increase at the late delivery.

In the first and second trimester miscarriage, PHB in
spontaneous abortion was 1.84+0.85 mmole/L, while it was
2.0940.94 mmole/L and 3.10 mmole/L in artificial abortion.

The placenta contained high BHB ranging from 1-3 mmole/L
(Figures 4 & 5). It increased from 5 to 7 weeks, then stable
during 8-11 weeks, and highest in the second trimester.

Before delivery, it became around 2 mmole/L. In
spontaneous miscarriage, BHB of the placenta and cord
blood was 1.84+0.85 mmole/L and 1.5 mmole/L,
respectively, while it was 2.09£0.94 mmole/L 3. 10
mmole/L by artificial abortion. Spontaneous abortion tended
to show a low value of BHB (p=0.08). Aborted cases in the
second trimester provided the cerebrospinal fluid, in which
BHB was 1.96+0.38 mmole/L and glucose 3.74+0.75
mmole/L (Table 2).
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Figure 4. Placenta and cord blood BHB at the delivery by gestational weeks.

SciTech Central Inc.
Int J Diabetes (1JD)

160



Int J Diabetes, 5(1): 157-163

Muneta T, Hayashi M, Nagai Y, Matsumoto M, Bando H, et al.

Placenta BHB

mmole/L

5.00

49
o

il

153

L

4.00

3.00

1.00

I

.00

40 26 21 34 19 3 10 12 9 n
L3 6 7 8 9 10 11 12-19 20-36
mmole/L

Gestational Week

Figure 5. BHB in the placenta by weeks of gestation.
Table 2. BHB and glucose in CSF.

Term CSFBHB  Glucose
n 3 3
Mean 2.07 3.82
Early CSF sd 1.95 1.66
Median 1.20 4.27
Max 4.30 5.21
n 8 8
Mean 1.96 3.74
Mid CSF sd 0.38 0.75
Median 1.95 3.70
Max 2.40 5.21

DISCUSSION

Progesterone, prolactin, and placental lactogen produce
increased appetite in pregnant women to become obese
[20,21]. In addition, hyperinsulinemia would cause increased
lipogenesis and decreased lipolysis, leading to the
accumulation of fat tissues. In the first trimester of
pregnancy, a pregnant woman often encounters morning
sickness [22]., about 60% of women have complained of
various degrees of discomfort, nausea, headache, and
appetite loss. Approximately 10% of them have severe
symptoms of vomiting, weakness, and fatigue. BHB is often
elevated in these cases, such as 3.0-4.0 mmol/L in blood,
where it was believed to be due to fasting and dehydration.

This physiological change is considered to be a risk of
gestational diabetes. The prevalence is increasing in parallel
with the obesity epidemic. We succeeded in the treatment of
gestational diabetes by a super-low carbohydrate diet [23].
At that time, pregnant women caused hyperketonemia, but
no clinical symptoms happened. Instead, according to weight
loss, the patient became vivid and completed an expected
delivery. Muneta found pregnant women were easy to
become hyperketonemia. At delivery, he measured fHB and
glucose in the newborn blood and found PHB remained high
complementing the glucose. PHB and glucose in the infant
blood at the 4"-day health check-up were 0.24+0.12
mmole/L and 4.54+0.80, respectively. Then, the fHB of the
placenta and umbilical cord blood was measured from the
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miscarriage fetus. In the fetal life, the placenta's median
BHB was 1.8, 2,6, and 1.7 in the first, second, third trimester,
respectively, and those of cord blood were 2.3, 1.35, and
0.60 mmole/L, respectively. Continuous BHB production in
the placenta and decreasing concentration in the cord blood
may be reflected by the increase of the fetus's requirement.
Glucose has been considered to be the primary substrate for
the placenta and fetal tissues. Glucose contributes to
placental and fetal glycogen production and can exchange
with other carbon-containing compounds at the three-carbon
level of glycolysis. Directly measured lamb’s placental
oxygen consumption is about 85%, and the indirect lamb's
fetal oxygen consumption by glucose plus lactate is about
65%. Control of glucose supply to the placenta and fetus is
far more complex than a simple direct relation with maternal
glucose concentration. In fasting, when the blood glucose
level decreased below 4.0 mmole/L, ketogenesis started at a
range of 1.0-5.0 mmole/L [24]. Watanabe proposed the
"basic ketone engine and booster glucose engine" hypothesis
from the efficiency of energy production. Still, both PHB
and glucose in the fetus seemed to be burned in a dual
hybrid engine for energy production like cardiac muscle
cells. In spontaneous miscarriage, BHB of the placenta and
cord blood was 1.84+0.85 mmole/L and 1.5 mmole/L,
respectively, while it was 2.09+0.94 mmole/L and 3.10
mmole/L by artificial abortion. It suggested the low energy
production led to miscarriage in the first trimester. BHB as a
brain nutrient is well known, as astrocyte is the PHB
producer throughout life [25]. Above difference was not
present at the second-trimester miscarriage. In mammalian
species, glucose and ketone bodies have been considered
essential in energy metabolism, but additional brain structure
development roles and its smooth function were recently
noted. Ketone bodies are crucial for supporting brain
development energy and making substrates for biosynthesis
for the structural brain beyond the significant energy source
in the pregnancy [26]. Rizzo reported that the BHB
concentration correlated with neuropsychological offspring's
development in the third trimester of pregnancy. They were
223 pregnant women and their singleton offspring: 89
women had pregestational diabetes mellitus, 99 had
gestational diabetes mellitus, and 35 had normal
carbohydrate  metabolism  during pregnancy. The
associations between gestational ketonemia in the mother
and a lower 1Q in the child warranted continued efforts to
avoid ketoacidosis. However, BHB levels of pregestational
diabetes ranged 0.04-0.67 mmole/L in the second trimester
and 0.04-0.72 mmole/L in the third trimester. In women with
gestational diabetes, PHB was 0.05-0.33 mmole/L in the
second trimester and 0.03-0.45 mmole/L in the third
trimester. These values did not differ from non-diabetic
women, so it is hard to think that the low level of BHB
affected the neuropsychological damage. We consider
frequent hypoglycemia events (13+13 and 16+12 in the
second and third trimester, respectively) in pregestational
diabetes, and 0-5 and 0-33 times in the second and third
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trimester, respectively, would be a cause of brain damage.
No data of the first trimester and resultant fetal growth made
it difficult to evaluate the real cause of low IQ. The strength
of our data is all human data of 600 cases. So, it would be a
reference of ketone values in normal pregnancy. Our study's
weakness is data limitation, focusing on BHB only with
insufficient glucose measurement and other biological
markers.

CONCLUSIONS

In fetal life, the placenta produced BHB from the first
trimester for energy at a range of 0.4-4.5 mmole/L, and cord
blood, ranging from 0.3-3.1 mmole/L. The concentration
was the highest in the 2™ trimester and decreased toward the
delivery. These are the physiological range, and no harmful
effects happened. Fetal energy production depends on
glucose and PHB, and the mother's accumulated lipid and
fatty acid was a source of lipid oxidation. PHB had many
other functions for the development of the fetus.
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