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Abstract: Ketone bodies are one of the products of fat metabolism which can be used as an
alternative energy source for the human body in states of glucose deficiency. Normal pregnant
women may develop ketosis due to physiological changes during pregnancy, while pregnant
women with abnormal glucose metabolism are more likely to develop ketosis due to abnormal
insulin secretion. Animal experiments and clinical studies have shown that exposure to high-
ketone environments during pregnancy is closely related to adverse maternal and infant out-
comes. However, there is no unified conclusion on whether ketone bodies should be routinely
monitored during pregnancy. This review summarizes the existing studies on ketone body
levels and pregnancy outcomes in the case of abnormal blood glucose during pregnancy,
elaborates the current guidelines on the level of ketone bodies, provides the detection and
treatment of ketosis in pregnant women with abnormal blood glucose in the clinical practice.
Keywords: diabetic ketoacidosis, gestational diabetes mellitus, ketoacidosis, pregestational
diabetes mellitus, diabetes mellitus

Introduction

Ketone bodies, including acetoacetate, 3-B-hydroxybutyrate and acetone, are normal
metabolic products of fatty acid breakdown in the liver. The normal ketone bodies
levels are <0.5 mM and levels >1.0 mM is defined as hyperketonemia, and level >3.0
mM indicate ketoacidosis.! Certain physiological conditions, such as prolonged exer-
cise, improper diet during pregnancy, or ketogenic diet, result in a mild or moderate
increase in ketone body levels in the body. The increase results from insufficient
availability of glucose leading to increased breakdown of fat into fatty acids which
can be oxidized and decomposed in the liver to form ketone bodies.

In some pathological conditions, when blood glucose is too high, the barrier of
glucose utilization in peripheral tissues is aggravated, the ketone bodies obtained by
the metabolism of fat in the liver exceed the utilization capacity of peripheral
tissues, resulting in high blood ketone body content, which leads to ketosis and
ketonuria.” Without timely detection and control, it is easy to develop into diabetic
ketoacidosis (DKA), which results in a series of pathophysiological phenomena
including acidosis, electrolyte balance disorders, circulatory failure, renal failure,
and central nervous system dysfunction.

Abnormal glucose metabolism during pregnancy refers to the state of hypergly-
cemia that occurs during pregnancy, including gestational diabetes mellitus

submit your manuscript

Dove n

http:

" in @

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 45814588 4581
© 2020 Qian et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

[T 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c /by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-0927-9728
mailto:3441535223@qq.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Qian et al

Dove

(abnormal glucose metabolism that does not reach the
level of overt diabetes during pregnancy, GDM), and
overt diabetes in pregnancy (the blood glucose at any
time during pregnancy meets the diabetes standard for
non-pregnant people), and pregestational diabetes mellitus
(diabetes diagnosed before pregnancy, PGDM, including
pregestational type-1 diabetes and pregestational type-2
diabetes).”> Studies have shown that pregnant people are
more likely to develop ketosis than non-pregnant people.*
Affected by multiple risk factors of pregnancy and hyper-
glycemia, people with abnormal glucose metabolism dur-
ing pregnancy are at a greater risk of ketosis. This article
reviews the impact of ketosis in all kind of abnormal
glucose metabolism on pregnancy outcomes, views from
different guidelines on ketosis in gestational diabetes, clin-
ical testing methods for ketone bodies, and different opi-
nions about testing ketone in pregnancy.

Ketosis in Abnormal Glucose

Metabolism During Pregnancy

To meet the needs of fetal growth and development, nor-
mal pregnant women undergo a series of changes in glu-
cose metabolism, including increased insulin resistance in
surrounding tissues, increased glucose excretion and utili-
zation, increased liver gluconeogenesis in the third trime-
ster of pregnancy, and accelerated lipolysis." Among them,
increased glucose utilization and excretion lead to a faster
rate of reduction of pregnant women’s fasting blood glu-
cose, which is the physiological basis for normal pregnant
women to easily develop starvation ketosis when fasting
for a long time. Paterson et al studied the blood ketone and
urine ketone values of 22 healthy pregnant women and
reported that the average blood ketone of pregnant women
was much higher than that of non-pregnant women, which
proves that pregnant women are more likely to develop
ketosis than non-pregnant women.*

In 1993, M W Carpenter suggested in a review of
metabolic changes in gestational diabetes that pregnant
women with GDM were more likely to develop ketosis
at the same weight.” Sara L White’s team compared meta-
bolic profiles of 646 obese pregnant women, including 198
pregnant women who developed GDM during pregnancy,
and found that pregnant women with GDM had higher
ketone metabolism than those without GDM.® This
maybe relevant to the function of pancreatic f cells is
impaired and cannot secrete sufficient insulin, gestational
impaired glucose tolerance including GDM occurs.’

Insulin deficiency can lead to increase lipolysis and dis-
turbance of fat metabolism, which leads to increase plasma
free ketone bodies, and easily results in hyperketemia and
ketonuria.® For pregnant patients with abnormal glucose
metabolism, nutritional therapy is the main clinical treat-
ment. Improper dietary intake results in excessive restric-
tions on energy intake and increases the probability of
starvation ketosis. The risk of starvation ketosis is
increased by vomiting caused by early pregnancy reactions
and uterine compression in the third trimester leading to
insufficient energy intake.” These mechanisms indicate
that women with abnormal glucose metabolism during
pregnancy have a greater risk of ketosis than normal
pregnant women as confirmed earlier. Under the premise
of equal weight, pregnant women with GDM are more
likely to develop ketosis than normal pregnant women.
Studies have also shown that the ketone body content of
pregnant women with PGDM was higher than that of
normal pregnant women, and pregnant women with nor-
mal OGTT had lower levels of ketosis than pregnant
women with confirmed GDM between 25 and 37 weeks
of pregnancy.” These studies show that abnormal glucose
metabolism during pregnancy can affect the incidence of
ketosis.

Mechanism of Adverse Outcomes

Caused by Ketonemia

Multiple studies including animal experiments have shown
that high-ketone environment may cause adverse outcomes
for both mother and fetal, although the mechanism is still
unclear.'”!"" Mouse embryos exposed to p-hydroxybutyric
acid artificially exhibited abnormalities including develop-
mental slowing and abnormal neural tube closure, and ear-
lier the embryo, the higher the exposure dose and the
incidence of deformity.'" Animal models exposed to high-
ketone levels during pregnancy exhibited malformations of
larger hearts, larger total embryonic volumes, and impaired
brain development compared with controls with normal
ketone bodies.'® But early studies have pointed out that
the teratogenic level of blood ketone bodies in animal
models is 20 to 40 times that of normal conditions, it may
be difficult to achieve in the case of ketoacidosis.'?
However, a review in 2015 on ketoacidosis during diabetic
pregnancy suggested that the possible harm of ketone
bodies to the fetus should be discussed in conjunction
with the effects of ketone bodies on different organs of the
fetus in non-extreme situations and the pathomechanisms
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underlying these effects.'® Existing physiological studies
have shown that ketone body levels are associated with
embryonic brain structural development,'* glucose uptake
by cardiomyocytes,'® tubular cell growth,'® and validated
markers in blood vessels.!” There are currently no animal
trials simulating the adverse effects of hyperketonemia on
the mother and offspring in models of gestational dysgly-
cemia. In the case of both abnormal blood glucose and
ketone bodies during pregnancy, which aspects of maternal
and offspring adverse outcomes are more affected deserve
to be discussed and studied.

Relationship Between Abnormal
Ketone Body Levels and Different

Adverse Pregnancy Outcomes
Uncontrolled blood glucose abnormalities during pregnancy
leads to a variety of adverse pregnancy outcomes. Studies
have shown that poor blood glucose control in GDM is
associated with macrosomia, neonatal hypoglycemia, neona-
tal jaundice, and congenital malformations of multiple
organs.'® At the same time, the state of hyperglycemia during
pregnancy is also considered to be closely related to a variety
of complications during childbirth, and the rate of caesarean
section. However, there are not many studies on the relation-
ship between ketosis caused by abnormal blood glucose in
pregnancy and adverse pregnancy outcomes.

Ketone Bodies and Congenital

Malformations

As early as 1989, an animal experiment had proposed that -
hydroxybutyric acid had a synergistic effect with glucose,
affecting embryo growth and inducing embryonic
malformations.'® The researches on the correlation between
the ketone body content and fetal malformations conducted
by Qingxin et al and Xinyuan et al in 2016 and 2018 respec-
tively showed that the higher the ketone body content, higher
the risk of congenital malformations in the offspring. 2’
Fetal malformations that are statistically correlated with
ketone body content in the two studies include cleft lip and
cleft palate, cardiovascular system malformations, nervous
system malformations (such as anencephaly and spina

bifida), and digestive system malformations.

Ketone Bodies and Impaired Central

Nervous System Development
Under normal physiological conditions, ketone bodies play
an indispensable physiological role in the central nervous

system, including the brain, but there are evidences that
exposure to high-ketone environments during pregnancy
can affect the neural development of the fetus, and this
effect still exists after delivery. Rizzo et al tracked the
post-birth conditions of 196 singleton offspring of preg-
nant women (95 of them with pregestational diabetes
mellitus, 101 with gestational diabetes mellitus), and
the of Infant and Toddler
Development and Bruininks-Oseretsky Test of Motor

used Bayley Scales
Proficiency for the offspring at the age of 2 and 6 to 9
years. Results showed that the average scores of the off-
spring in two tests were inversely proportional to the
mother’s B-hydroxybutyric acid content during pregnancy
and childbirth.?* In another study on the neuropsychologi-
cal development of the offspring of diabetic mothers,
Rizzo et al collected the offspring’s scores of the
Neonatal Behavioral Assessment Scale and the Stanford-
Binet Intelligence Scale, compared them with biochemical
indicators of diabetic mothers during pregnancy, and found
that children’s 1Q was negatively correlated with the f-
hydroxybutyrate content of pregnant women in the second
trimester.”

Ketone Bodies and Macrosomia

Macrosomia is defined as a birth weight greater than or
equal to 4000g, and both hyperglycemia and hyperinsuline-
mia lead to increase fat storage in the body of the fetus,
which results in an increase in fetal weight to produce
macrosomia.”* A retrospective study including 1981 cases
of pregnant women with GDM and associated macrosomia
analyzed the risk factors of GDM, ketone bodies and high-
density lipoprotein, triglycerides were found to be signifi-
cant indicators of GDM with macrosomia.”> The specific
physiological mechanism by which ketone bodies cause
macrosomia is not known for the time being, perhaps
related to the fact that hyperglycemia predisposes to ketosis.

Ketone Bodies and Complications During
Childbirth

In 2018, Huang et al monitored and recorded the urinary
ketones and delivery results of 570 pregnant women with
GDM during childbirth and found that maternal ketonuria
is quite common in women with GDM who have not given
birth.® According to the different urine ketone content,
570 subjects were divided into three groups: negative,
moderate ketonuria and ketosis. By comparing the birth
complications between different urine ketone levels,
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Huang SY et al found that incidences of FHR III, third-
degree amniotic fluid contamination, and postpartum
hemorrhage increased with the development of ketonuria.
At the same time, the pregnant women in the ketosis group
with the most severe ketonuria took significantly longer
time to give birth than the women in the other two groups,
and had a higher rate of operative vaginal delivery.
Researchers believe that the possible reason is the meta-
bolic fuel in pregnant women with ketonuria is not glucose
but lipids, and studies have shown that the lack of glucose
during childbirth increases the delivery time compared to
pregnant women with sufficient glucose.?’ The increase in
the rate of operative vaginal delivery is believed to be
related to the increase in other adverse complications dur-
ing delivery.

Monitoring and Treatment of
Ketone Bodies in Patients with
Abnormal Glucose Metabolism
During Pregnancy

Methods for Detecting Ketone Bodies

The methods for detecting ketone bodies include the urine
test, and the blood test for ketones. The urine test for
ketones is based on the principle of sodium nitroprusside
reaction which is commonly used in the outpatient depart-
ment. Since sodium nitroprusside only reacts with acetoa-
cetate and acetone, the content of B-hydroxybutyric acid
(which is the predominant metabolism in ketosis) is not
expressed. But the ratio of acetoacetic acid to B-hydroxy-
butyric acid in the human body is about 1:10, cause the
quantity of ketones measured in urine does not represent the
true plasm ketone concentration. Meanwhile, urine ketone
measurement is affected by urine output and the average of
concentration within the urine held in the bladder. Finally,
urine reading can still rise even the acidosis disappears due
to the oxidation between blood p-hydroxybutyric and
acetoacetate.”® These make the urine test for ketones,
which uses acetoacetate and acetone in urine as the detec-
tion materials, has a certain hysteresis. At the same time, the
concentration of ketone bodies in urine reflects the content
of all ketone bodies accumulated since the last urination of
the human body, thereby the urine test for ketones is
affected by the patient’s urine output.”’

Blood ketones are not affected by drugs or renal func-
tion hence samples can be reserved without lag, which is
conducive to rapid disease diagnosis, and thus the blood
test for ketones has gradually been recognized in clinical

practice.’® The blood test for ketones includes the enzy-
matic method of measuring B-hydroxybutyric acid in
plasma or serum with a fully automatic biochemical ana-
lyzer and the electrochemical method of measuring B-
hydroxybutyric acid in capillary blood with a blood ketone
meter.” Studies have shown that the level of B-hydroxybu-
tyric acid measured in the capillaries is significantly cor-
related with the level of serum ketones, and the peripheral
blood ketone levels measured in the capillaries can be
regarded as the real-time levels of blood ketones in the
body.>' The “Expert Consensus on Blood Ketone
Monitoring for Diabetes in China” recommends that
women with GDM should be monitored for blood ketones
during dietary treatment, daily blood glucose monitoring,
and early pregnancy when the early pregnancy reaction is
strong.2

Ketone should be monitored after meals. Fasting mon-
itoring may lead to false-positive. ACOG guidelines sug-
gest that pregnant women with prenatal diabetes should
monitor ketones when their blood glucose reaches 200 mg/
dL to prevent DKA.** Other guidelines mostly recommend
that ketone bodies be monitored immediately when there is
a suspected risk of DKA.

Recommendations of Various Guidelines
for Monitoring Ketone Bodies During

Pregnancy

At present, the guidelines of various diabetes associations
worldwide all mention ketosis in the management of gesta-
tional diabetes, but the focuses are different (The specific
content is shown in Table 1).>* > Among them, the guide-
lines of the American Diabetes Association, the American
College of Obstetricians and Gynecologists, and the Joint
British Diabetes Societies focus more on the prevention of
diabetic acidosis, while the International Federation of
Obstetrics and Gynecology and the Chinese Diabetes
Society focus more on the relationship between the diet
control and the occurrence of starvation ketosis to discuss
the monitoring of ketone bodies.

Treatment of Ketone Bodies in Abnormal

Glucose Metabolism

The methods of blood glucose control during pregnancy
mainly include diet control, moderate exercise, and med-
ication to reduce blood glucose levels. The “Chinese
guidelines for the prevention and treatment of T2DM
state” proposed that the blood glucose control of patients
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Table | The Different Focuses of Guidelines for Ketosis in Gestational Diabetes

Focuses Guidelines Standards for Testing Ketone Bodies Aiming Type of
Diabetes
Ketone content and | ADA ‘Pregnancy is a ketogenic state. Women with type | diabetes (and a small Type | diabetes
prevention of DKA guidelines number of women with type 2 diabetes) with lower blood glucose are more
(2020)* likely to develop diabetic ketoacidosis (DKA) than when they are not pregnant.
‘Women with type | diabetes should use urine ketone test strips to monitor
their ketone body status and receive education on the prevention and
monitoring of diabetic ketoacidosis.
ACOG In order to prevent the occurrence of DKA, women with diabetes before Type 2 diabetes
guidelines pregnancy should monitor urine ketones when their blood glucose reaches 200
(2018)*? mg/dL.
‘Women with type 2 diabetes are also at a risk of DKA, and the same
monitoring method should be adopted to prevent DKA.
JBDS Pregnant women with type | diabetes who use insulin pumps to control blood | Type | diabetes and
guidelines glucose should stop using insulin pumps and start variable rate intravenous pregnancy with insulin
(2017)** insulin infusion if urine ketone++ or blood ketone value is higher than 1.5 mmol/ | injection
L during delivery.
‘Pregnant women on metformin or multiple daily injections should check Urea
and electrolytes every 4-6 h during labour to maintain safe levels of potassium
and bicarbonate. Blood ketones should be checked if ketoaci- dosis is suspected.
‘The early stage of ketoacidosis may only be accompanied by a slight increase in
blood glucose or nausea and abdominal pain. Therefore, it is recommended that
DKA should be taken into consideration for pregnant women with diabetes
when they are unwell, and urine ketones or blood ketones should be measured
to exclude DKA.
Ketone bodies and FIGO ‘The incidence of ketosis in pregnant women increases when the calorie intake | All pregnant women
starvation ketosis guidelines is lower than 1500 kcal per day, and the control of 1600 to 1800 kcal per day will
(2015)* not lead to an increase in ketone bodies.
‘No mention of ketone detection.
CDS ‘The standard of dietary control during pregnancy should not cause starvation | All pregnant women
guidelines ketosis while ensuring energy supply of mother and child and maintaining a
(2017)? normal blood glucose level.
Encourage pregnant women to perform blood glucose self-monitoring,
including checking fasting and postprandial blood glucose levels, and checking PG
and urine ketone bodies 1~2 hours after meal.
Blood glucose level should be checked when urine ketone bodies are positive, if
normal, starvation ketosis should be considered, and food intake should be
increased in time.

Abbreviations: ADA, American Diabetes Association; ACOG, American College of Obstetricians and Gynecologists; FIGO, The International Federation of Gynecology

and Obstetrics; |BDS, Joint British Diabetes Societies; CDS, Chinese Diabetes Society.

with GDM should avoid oral hypoglycemic drugs as much
as possible, and insulin therapy should be performed when
the dietary treatment on blood glucose control is not effec-
tive. Pregnant women with abnormal blood glucose have
more complex dietary requirements than normal pregnant
women because they need to ingest enough macroelements
and trace elements for fetal development while limiting
postprandial blood glucose growth. Among the nutrients,

carbohydrate intake has the greatest impact on postpran-
dial blood glucose, and glucose from carbohydrates is also
the main energy substrate for placenta and fetus. The latest
literature suggests that the carbohydrate content intake of
pregnant women with abnormal blood glucose should be
individualized by clinical dietitians, and attention should
be paid to the type of carbohydrates, and starch foods with
higher dietary fiber should be selected as the main food.*®
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If dietary education is ineffective and women with abnor-
mal blood glucose in pregnancy fail to follow or adjust
their dietary plan without authorization, they may have
abnormal blood glucose or blood ketones caused by
improper diet. However, some scholars consider that diet
control during pregnancy, especially the restriction of car-
bohydrate intake, will increase the possibility of ketosis.
According to the 2017 “International Diabetes Federation
Diabetes Atlas”, approximately 16.2% of pregnant women
worldwide have carbohydrate disorders during pregnancy,
and 75% to 90% of them are GDM patients.*” A rando-
mized controlled trial involving 436 obese pregnant
women found that levels of B-hydroxybutyric acid and
fatty acids in pregnant women who had undergone dietary
intervention increased, that is, decreased carbohydrate
intake would lead to an increase in fat metabolism that
can produce ketone bodies.*® A study in 2015 compared
the blood ketone values and metabolism states of 180
women with gestational diabetes, and found that the
weight loss of pregnant women was correlated with f3-
hydroxybutyric acid.?’ However, from 2016 to 2018,
Mijatovic et al randomly divided 46 women with gesta-
tional diabetes to the low-carbohydrate group and the
routine care group, and found there was no significant
differences in the blood ketone values and pregnancy out-
comes between the two groups of pregnant women.*’
Therefore, whether dietary control for pregnant women
with GDM will lead to the occurrence of ketosis remains
to be further studied.

When the increase in ketone bodies are caused by high
blood glucose, drugs should be used to reduce the blood
glucose level rationally. In China, the first drug of choice
for abnormal blood glucose during pregnancy is insulin.
Metformin is available but not recommended. Observation
of the utilization and removal of ketone bodies through
tracer technology found that insulin can effectively reduce
the content of ketone bodies in three aspects: inhibiting
lipolysis, inhibiting the production of ketone bodies in the
liver, and accelerating the use of ketones by surrounding
tissues.”” There is no definite evidence of the effect of
metformin on the content of ketone bodies in the body
under the condition of abnormal blood glucose.

When pregnant women with abnormal blood glucose
are found to have elevated ketone bodies, the ketone
symptoms of pregnant women should be relieved first to
avoid the development of ketoacidosis. After controlling
the blood ketone body to the normal range, the causes of
ketone body elevation should be actively searched for and

disposed of separately according to the causes. If it is
hunger ketosis related to dietary control, pregnant women
should be evaluated for the daily intake of nutrients, adjust
the dietary program, and carry out health education related
to dietary control for pregnant women. If ketone body
elevation is caused by hyperglycemia, adjust the current
hypoglycemic regimen and monitor the fasting and post-
prandial blood glucose of pregnant women until the blood
glucose level of pregnant women is controlled within
normal range.

Conclusion

With the improvement of living standards, the incidence of
GDM has been on the rise in recent years, and the adverse
effects of high glucose in pregnancy on pregnant women
and fetuses have also paid more and more attention. A
number of clinical studies have proved that high ketone
bodies in women with GDM are associated with various
adverse pregnancy outcomes. Therefore, clinicians should
pay extra attention to the patient’s ketone body level when
performing regular check-ups on women with gestational
diabetes, and provide health education to pregnant women
about the hazards of elevated ketone bodies. Mild transient
ketosis will not cause great harm to pregnant women under
timely treatment, while ketoacidosis can endanger the
health and life of pregnant women. However, the effects
of moderate to severe ketosis that has not reached ketoa-
cidosis and long-term mild ketosis on pregnant women and
fetuses need to be further studied.
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