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Abstract

Recently, it has become clear that mild abnormal glucose
tolerance increases the incidence of perinatal maternal-
infant complications, and so the definition and diagnostic
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criteria of gestational diabetes mellitus (GDM) have
been changed. Therefore, in patients with GDM and
pregnant women with diabetes mellitus, even stricter
glycemic control than before is required to reduce the
incidence of perinatal maternal-infant complications.
Strict glycemic control cannot be attained without an
indicator of glycemic control; this review proposes
a reliable indicator. The gold standard indicator of
glycemic control in patients with diabetes mellitus is
hemoglobin Alc (HbA1lc); however, we have demon-
strated that HbAlc does not reflect glycemic control
accurately during pregnancy because of iron deficiency.
It has also become clear that glycated albumin, another
indicator of glycemic control, is not influenced by iron
deficiency and therefore might be a better indicator of
glycemic control in patients with GDM and pregnant
women with diabetes mellitus. However, large-
population epidemiological studies are necessary in
order to confirm our proposal. Here, we outline the
most recent findings about the indicators of glycemic
control during pregnancy including fructosamine and
1,5-anhydroglucitol.
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Core tip: In patients with gestational diabetes mellitus
(GDM) and pregnant women with diabetes, stricter
glycemic control is required to reduce the incidence
of perinatal maternal-infant complications. We have
demonstrated that hemoglobin Alc does not reflect
glycemic control accurately during pregnancy because
of iron deficiency. On the other hand, glycated albumin
is not influenced by iron deficiency and therefore might
be a better indicator of glycemic control in patients with
GDM and pregnant women with diabetes. However,
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large-population epidemiological studies are necessary.
Here, we outline the most recent findings about the
indicators of glycemic control during pregnancy
including fructosamine and 1,5-anhydroglucitol.
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INTRODUCTION

The number of patients with diabetes mellitus has been
steadily increasing worldwide!! and diabetes mellitus has
become a global health problem. This tendency is also
observed in women of child-bearing age partly due to
the change in diagnostic criteria of gestational diabetes
mellitus (GDM) as mentioned later. The incidence of
GDM in Japan has increased by 4.1 fold from 2.9%
to 12.1%", By detecting abnormal maternal glucose
metabolism at an early stage of pregnancy and achieving
excellent glycemic control during pregnancy, it is possible
to prevent perinatal maternal-infant complications®™*.
According to a report on a meta-analysis of 20 studies,
the relative risk for patients with GDM of developing type
2 diabetes mellitus after delivery is 7.43 times higher
than that of women who had normal glucose tolerance
during pregnancy™. Therefore, it is important to follow
up mothers after delivery. Moreover, the concept of deve-
lopmental origins of health and diseases was proposed
recently’™ and the long-term effects of mothers with
abnormal glucose tolerance on fetuses after birth have
been actively discussed. Thus, it is important to manage
glycemic control of mothers appropriately not only
because it helps to maintain the health of mothers and
infants in the short term, but also helps to maintain the
long-term health of mothers and the next generation.
In the following sections, we outline the management
of pregnant women with abnormal glucose metabolism.
Finally, we propose a reliable indicator of glycemic
control.

CHANGES IN GLUCOSE METABOLISM
DURING PREGNANCY

During the early stage of pregnancy, increased secretion
of progesterone and 17B-estrogen from the corpus
luteumn is observed; after the placenta is completed, it
replaces the role of the corpus luteum. In humans, it is
known that during pregnancy, the secretion of estrogen
increases by about 30 fold and that of progesterone
by about 10 fold compared with that during non-
pregnancy. In addition, the secretion of prolactin and
placental lactogen also increases gradually from week
12 of pregnancy. Placental lactogen is considered to be
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one of the typical hormones involved in the change in
insulin sensitivity during pregnancy. Moreover, it has
been shown that tumor necrosis factor-o. secreted from
macrophages which infiltrate into fat cells and villous
cells is deeply involved in decreased insulin sensitivity'”.
It is known that high concentrations of estrogen and
progesterone also induce decreased insulin sensitivity™®.,
Because of the involvement of hormones and cytokines
as mentioned above, there is a substantial change
in glucose metabolism during pregnancy. In clinical
researches conducted by Catalano et aff***?, increased
gluconeogenesis in the liver during the end stage of
preghancy demonstrated decreased insulin sensitivity
in the liver. In addition, it has been shown that systemic
insulin sensitivity decreases by about 50% to 60%
during the end stage of pregnancy!*®. In pancreatic
B-cells, increased B-cell volume and increased insulin
secretion reaction take place to compensate for their
insulin resistance. Regarding the mechanism of this
phenomenon, it has been reported that serotonin is
present downstream of the prolactin signal, which
promotes pancreatic 3-cell growth and greatly contributes
to an increase in the cell volume™¥. It is considered that
abnormal glucose tolerance develops in pregnant women
when this compensatory effect is insufficient. In fact, the
presence of pancreatic -cell dysfunction in GDM has
been demonstrated™®,

DEFINITION OF GDM

GDM, which was found or developed for the first time
during pregnancy, is milder abnormal glucose metabolism
than diabetes mellitus. It should be noted that GDM does
not include overt diabetes in pregnancy'”..

It is not appropriate to apply the diagnostic criteria
of diabetes mellitus during non-pregnancy as the dia-
gnostic criteria of abnormal glucose tolerance during
pregnancy for the following reasons. Firstly, the altered
hormonal environment and the presence of the fetus
during pregnancy cease at the time of delivery. Secondly,
the diagnostic criteria of diabetes mellitus during non-
pregnancy are established based on the incidence of
diabetic complications (especially, diabetic retinopathy);
on the other hand, the diagnostic criteria of GDM are
established for the prevention of diabetes mellitus of
mothers and the prevention of perinatal complications
of mothers and infants. The diagnostic criteria of GDM of
each country that were used in the past were established
to prevent future onset of diabetes mellitus, and differed
among countries. These differences in the definition
of GDM caused various problems in international
discussions. Accordingly, the International Association
of Diabetes and Pregnancy Study Groups announced
worldwide uniform diagnostic criteria of GDM™ based
on the Hyperglycemia and Adverse Pregnancy Outcome
(HAPO) study™® reported in 2008 (Table 1). The HAPO
study was conducted in 25505 pregnant women at
15 facilities in nine countries worldwide to evaluate
outcomes of mothers and infants; the data of the partici-
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Table 1 To diagnose gestational diabetes mellitus and cumulative proportion of Hyperglycemia

and Adverse Pregnancy Outcome cohort equaling or exceeding those thresholds

Glucose measure Glucose concentration threshold' Above threshold (%)

mmol/L mg/dL cumulative
FPG 5.1 92 83
1-h plasma glucose 10.0 180 14.0
2-h plasma glucose 8.5 153 16.1°

'One or more of these values from a 75-g OGTT must be equaled or exceeded for the diagnosis of GDM; “In
addition, 1.7% of participants in the initial cohort were unblinded because of FPG > 5.8 mmol/L (105 mg/dL) or 2-h
OGTT values > 11.1 mmol/L (200 mg/dL), bringing the total to 17.8% (modified from Ref."”). FPG: Fasting plasma

glucose; OGTT: Oral glucose tolerance test.

pants were opened to the primary physician only when
fasting plasma glucose was not less than 105 mg/dL or
plasma glucose at 2 h after meal was not less than 200
mg/dL; otherwise, the data were blinded to the primary
physician. Primary outcomes included birth weight of
not less than the 90 percentile, percentage of cesar-
ean section, neonatal hypoglycemia, and cord serum
C-peptide of not less than the 90 percentile; secondary
outcomes included premature labor, shoulder dystocia/
dystocia, hyperbilirubinemia, neonatal intensive care
unit management, and pregnancy-induced hypertension
syndrome. As a result, there was no threshold at which
the incidence of primary outcomes showed a clear
increase; plasma glucose level, whose odds ratio is
1.75 times higher than that in the lowest category, was
adopted as the diagnostic cut-off value!”). Regarding
glycemic control indicators, there were no clear diagno-
stic threshold. Thus, the shift from the diagnostic criteria
of GDM based on the future incidence of diabetes mellitus
of mothers to diagnostic criteria of GDM for improving
perinatal outcomes of mothers and infants during
pregnancy was a major event.

ADVERSE EVENTS DURING PREGNANCY
OF GDM AND OVERT DIABETES
MELLITUS

Because the definition of GDM is based on the incidence
of perinatal complications of mothers and infants, we
give an outline of perinatal complications once again.
Maternal complications include pregnancy-induced hyper-
tension syndrome, polyhydramnios, shoulder dystocia,
and cesarean section. In pregnant women with diabetes
mellitus, careful attention should also be paid to diabetic
ketoacidosis, worsening of diabetic retinopathy and
diabetic nephropathy, and hypoglycemia. For pregnancy-
induced hypertension syndrome, 2% to 8% of all
pregnant women are complicated with preeclampsia,
which worsens perinatal outcomes. The late-onset form,
which accounts for 80% of all cases of pregnancy-induced
hypertension syndrome, is of maternal origin and is often
accompanied by old age, obesity, diabetes mellitus, and
chronic hypertension. That is to say, it is considered that
abnormal glucose metabolism of mothers influences the
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onset of pregnancy-induced hypertension syndrome.
Next, it has been reported that 0.5% to 0.7% of
normal pregnant women and 2.0% to 2.1% of patients
with GDM are complicated with polyhydramnios!*®?%,
Polyhydramnios induces complications leading to
perinatal death including premature labor, premature
rupture of membranes, fetal malpresentation, weak
labor, umbilical cord prolapse, premature separation of
normally implanted placenta, and atonic hemorrhage
after delivery. For pregnant women with diabetes
mellitus, it has been reported that glucose concentration
in amniotic fluid is related to maternal plasma glucose
level® and that there is a positive correlation between
amniotic fluid volume and glucose concentration in
amniotic fluid®®?. Shoulder dystocia is a condition in which
after the head of the infant is delivered in cephalic vaginal
delivery, the shoulder of the infant is not delivered. It is a
disease which may cause dystocia in both the mother and
the infant. It is known that macrosomia is a risk factor
for shoulder dystocia; on the other hand, it has been
reported that pregnant women with abnormal glucose
tolerance tend to experience shoulder dystocia regardless
of the presence or absence of macrosomia®®, For these
reasons and also because of complications of fetuses
as mentioned later, the percentage of cesarean section
is obviously higher in pregnant women with abnormal
glucose tolerance; the percentage is 10.7%-18.9% in
normal pregnant women, compared with 19.3%-30.9%
in pregnant women with GDM and 45.2% in pregnant
women with diabetes mellitus'*>***”.,

Congenital anomaly is one of the complications
of fetuses born from mothers with diabetes mellitus.
According to a report in Japan, the incidence of congenital
anomaly does not increase obviously when hemoglobin
Alc (HbA1c) during the early stage of pregnancy is
less than 7.4%; however, the incidence increases when
HbA1lc is 7.4% or more; the incidence is as high as
24.1% when HbAlc is 8.4% or more®, Macrosomia
as a developmental anomaly is a fetal developmental
anomaly unique to pregnancy in women with diabetes
mellitus. The hyperglycemia-hyperinsulinemia hypothesis
proposed by Pedersen™® is that hyperglycemia of mo-
thers induces hyperglycemia of fetuses, and hyperplasia
of pancreatic p-cells of fetuses results in hypersecretion
of insulin, leading to excessive growth of fetuses. Infants
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born from mothers with diabetes mellitus are called
infants of diabetic mothers and are known as high-risk
infants in whom multiple complications develop at a high
incidence™. Such complications include hypoglycemia,
polycythemia, hyperbilirubinemia, hypocalcemia,
neonatal respiratory distress syndrome, and myocardial
hypertrophy.

TREATMENT OF PREGNANT WOMEN
WITH GDM AND OVERT DIABETIC
MELLITUS

The basis of plasma glucose management during
pregnancy is dietary therapy similar to that during non-
pregnancy. As nutrition for fetuses during pregnancy,
glucose, amino acids, and free fatty acids are supplied
through the matemal placenta; the main energy source
for fetuses is glucose. The main points of dietary therapy
for pregnant women with abnormal glucose tolerance are
to prevent ketosis of mothers resulting from insufficient
carbohydrate intake and to perform strict glycemic
control. In other words, energy intake at which the body
weight of mothers before pregnancy does not decrease
is determined as the basic food intake, and energy for
fetuses according to the stage of pregnancy is added to
it.

If the goal of glycemic control is not achieved in spite
of dietary therapy, insulin therapy is selected. Currently,
the types of insulin that can be used safely during
pregnancy are human insulin as well as insulin aspart,
insulin lispro, and insulin detemir; they are classified
into the United States Food and Drug Administration
(FDA) Pregnancy Category B. Insulin glargine and insulin
glulisine are currently classified into the FDA Pregnancy
Category C, and their potential risk cannot be ruled out.
The principle of insulin therapy during pregnancy, which
consists of supplementation of basal insulin secretion
and supplementation of additional insulin secretion at
the time of dietary intake, is the same as that during
non-pregnancy. It should be noted that during the early
stage of pregnancy, the insulin requirement decreases
because of hyperemesis gravidarum, etc.; during and
after the middle stage of pregnancy, insulin resistance
increases; during the end stage of pregnancy, the insulin
requirement increases to about two times that before

pregnancy.

MEASUREMENT OF BLOOD GLUCOSE

In order to prevent perinatal complications of mothers
and infants mentioned above, the goal of glycemic control
during pregnancy should be to bring plasma glucose
level as close to normal as possible without development
of hypoglycemia. Strict glycemic control should be
performed by self-monitoring of plasma glucose (SMBG)
or continuous glucose monitoring (CGM).
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SMBG

SMBG enables strict glycemic control. To achieve this,
it is important to make patients understand why blood
glucose should be measured, and to remind patients of
the relationship between activity, events, meals, snacks,
etc. and blood glucose levels. Because pregnant women
tend to become anemic easily, this tendency should be
taken into consideration. When hematocrit is low, plasma
volume increases and plasma glucose level increases;
conversely, when hematocrit is high, plasma volume
decreases and plasma glucose level decreases. If insulin
therapy is being performed, the insulin dose for glycemic
control is adjusted based on the result of SMBG. The
basic principle is to adjust basal insulin dose according to
fasting blood glucose level and to adjust additional insulin
dose according to postprandial blood glucose level.
Langer et a**! have reported that when fasting blood
glucose is not less than 95 mg/dL in patients with GDM,
the incidence of macrosomia significantly increases,
and the incidence is decreased by insulin therapy. In
addition, they have demonstrated that it is possible to
decrease the incidence of both small-for-gestational-
age and large-for-gestational-age by bringing mean
blood glucose level to 87-104 mg/dL"?. On the other
hand, it has been reported that adjusting insulin therapy
according to postprandial blood glucose level results
in an improvement of glycemic control, a decrease in
neonatal hypoglycemia, a decrease in macrosomia, and
a decrease in cesarean section®®”.

CGM

The CGM device can monitor blood glucose level every
5 min for up to 7 d. The device has demonstrated that
there is a difference in circadian rhythm of blood glucose
among non-diabetic pregnant women between normal-
weight pregnant women and obese pregnant women®*.,
That is, compared with normal-weight pregnant women,
obese pregnant women have comparable fasting
blood glucose and comparable mean blood glucose but
higher postprandial blood glucose and lower nighttime
blood glucose. Compared with SMBG, the CGM device
can monitor glycemic excursion in greater detail, but
continuous wearing of the device is neither economically
viable nor suitable for continuous evaluation. However,
the CGM device is a useful education tool for pregnant
women with diabetes mellitus, and it has been repo-
rted that by performing CGM every 4 to 6 wk during
pregnancy, glycemic control during the third trimester
of pregnancy improved, and the risk of macrosomia
decreased™. In addition, the ability to identify hypogly-
cemia is another noteworthy benefit of CGM. Rosenn et
al*® have demonstrated by CGM that 30% of pregnant
women with type 1 diabetes mellitus experience at
least three episodes of hypoglycemia during 2 wk. In
such patients, it is possible to perform safer and more
appropriate insulin therapy by performing CGM.
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INDICATORS OF GLYCEMIC CONTROL

Plasma glucose measurement is important as part
of glycemic control during pregnancy; however, it is
actually difficult to measure blood glucose in all patients.
Therefore, it is necessary to evaluate glycemic control
condition using indicators of glycemic control such
as HbAlc, glycated albumin (GA), fructosamine, and
1,5-AG. Each of these indicators of glycemic control
has different characteristics as well as advantages
and disadvantages™**, In addition, there are both
appropriate and inappropriate indicators of glycemic
control during pregnancy. The following sections give an
outline of these indicators of glycemic control.

HbA1c

HbA1lc is a ketoamine formed from nonenzymatic
reaction and binding between the aldehyde group of
glucose and valine at the N-terminus of the hemoglobin
B-chain. Because the life span of red blood cells is 120
d, HbA1c reflects glycemic control status during the
past 1 to 2 mo. Specifically, the following findings have
been reported: 50% reflect plasma glucose level during
the past 1 mo; 25% reflect plasma glucose level during
the past 1 to 2 mo; 25% reflect plasma glucose level
during the past 2 to 4 mo™®. Since the Diabetes Control
and Complications Trial study™”, extensive evidence
on the development and progress of complications has
been gathered, and HbA1lc has certainly become a gold
standard indicator of glycemic control. Therefore, it is
recommended to maintain excellent glycemic control in
pregnant women with diabetes mellitus or patients with
GDM using SMBG and HbAlc as indicators*". However,
pregnant women are usually excluded from clinical
studies of complications, and therefore little evidence has
been obtained from pregnant women. Because chronic
diabetic complications usually do not develop within a
period as short as several months, there is no problem
in using HbA1lc as an indicator; however, there is little
benefit in discussing glycemic control status during the
past 1 to 2 mo of pregnancy. In addition, it is well known
that HbAlc is influenced by the life span of red blood
cells. Moreover, we have reported that for premenopausal
women, HbA1c is significantly higher not only in women
with iron deficiency anemia but also in women with iron
deficiency compared with HbA1c in women without iron
deficiency>*). It is well known that the demand for
iron increases during the end stage of pregnancy and
that most mothers experience iron deficiency anemia;
therefore, HbAlc may be higher relative to plasma
glucose level during the end stage of pregnancy. The time
course of HbA1lc during pregnancy will be explained in
detail later.

Fructosamine

Protein undergoes glycation reaction in accordance
with plasma glucose concentration, and ketoamine,
an early Maillard reaction product, is produced via aldi-
mine. Because the side chain binding of ketoamine
has the fructose structure, ketoamine is generically
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named fructosamine. Fructose-lysine (fructosamine), in
which glucose is bound to lysine residue of protein, has
a reducing ability under alkaline conditions; glycemic
control is measured using this reducing ability. A large
part of such measurement is made by the fructosamine
method; glycemic control is measured by colorimetric
determination by producing reduction color reaction
using nitroblue tetrazolium as a substrate. Because
60% to 70% of serum protein is albumin, the main
component of fructosamine is GA, but fructosamine
contains other components such as glycated lipoprotein
and glycation globulin. Fructosamine is not influenced by
anemia or abnormal hemoglobin. In addition, albumin,
which accounts for the majority of serum protein, has
a faster turnover than hemoglobin; therefore, short-
term glycemic control can be evaluated by measuring
fructosamine!., In hyperthyroidism™>*®! and nephrotic
syndrome™”! in which protein (albumin) metabolism is
increased, fructosamine measured by this method is
low; in hypothyroidism™® in which protein (albumin)
metabolism is delayed, fructosamine measured by this
method is high.

HbA1lc is a glycation product of hemoglobin (single
protein) and GA is a glycation product of albumin
(single protein); on the other hand, fructosamine is
the generic name of all glycated proteins and lacks
specificity. Because 60% to 70% of serum protein is
albumin, the characteristics of fructosamine are similar
to those of GA. However, this method measures other
glycated proteins as well; therefore, there is a problem
that in myeloma, fructosamine measured by this met-
hod is high™®. In addition, it has been reported that
fructosamine is associated with a larger intra-individual
variability compared with HbA1lc, and fructosamine is
disadvantageous for detecting a significant change!®.
HbA1c is expressed as the ratio of hemoglobin and GA is
expressed as the ratio of albumin; therefore, HbAlc and
GA are not influenced by dilution of serum. On the other
hand, fructosamine is expressed as reducing ability per
1 mL of serum; therefore, fructosamine is influenced by
serum protein concentration, and in dilutional anemia,
fructosamine measured by this method is apparently low.
In this respect, fructosamine measured by this method
is likely to be influenced by dilutional anemia which may
develop during pregnancy. Because fructosamine is
measured by colorimetric determination produced by
reduction color reaction, it is influenced by substances
with reducing ability such as bilirubin. It is considered
that the effects of ascorbic acid and vitamin E are small;
however, if they are consumed in large amounts, meas-
urement of fructosamine may be influenced.

GA

GA is a ketoamine formed from nonenzymatic reaction
and binding between four lysine residues of albumin and
glucose. In other words, GA is an amadori compound
similar to HbA1lc, but it has been reported that the
binding rate between albumin and glucose is 4.5 times
higher than that between hemoglobin and glucose™”,
Because the half-life of albumin is about 14 d, GA is
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an indicator of glycemic control during a shorter period
(during the past 2 to 3 wk) compared with HbA1lc.
In addition, it is known that GA reflects postprandial
plasma glucose more accurately than HbA1c™”. In the
management of abnormal glucose metabolism during
pregnancy, evaluation of mean plasma glucose level at a
time point closer to the time of consultation with a doctor
and evaluation of postprandial plasma glucose level are
important, and GA is useful in this respect. Moreover, we
have already reported that GA is not influenced by iron
deficiency anemia or iron deficiency state'*. It should
be noted that because GA is influenced by albumin
metabolism, evaluation of measured GA levels requires
attention in conditions such as nephrotic syndrome!*"
and abnormal thyroid function®. Unlike fructosamine,
GA is not influenced by dilutional anemia during preg-
nancy. The time course of GA during pregnancy will be
explained in detail later.

1,5-AG

1,5-AG is a polyol with a structure in which hydroxyl at the
first position of glucose is reduced; it is contained in a wide
variety of food, but is hardly metabolized in the body™.
When plasma glucose is within the normal range, 1,5-AG
is filtered in the kidney and then reabsorbed completely;
therefore, serum 1,5-AG remains unchanged.

Usually, about 180 g of glucose is excreted from
glomeruli daily, but almost 100% of the excreted glucose
is reabsorbed by sodium glucose cotransporter 2 (SGLT2)
which is a glucose-specific transporter and located in
proximal tubules and SGLT1 which is a transporter
for glucose and galactose and located downstream of
SGLT2%, When diabetes mellitus develops, excretion
of glucose increases; if excretion of glucose exceeds the
reabsorptive capacity of SGLT2 and SGLT1, reabsorption
of glucose by 1,5-AG/mannose/fructose cotransporter
(sodium glucose cotransporter 4: SGLT4) which is
present downstream from SGLT2 and SGLT1 takes place.
Usually, there is no glucose in locations where SGLT4
is present; therefore, 99.9% of 1,5-AG is reabsorbed
by SGLT4; however, because SGLT4 reabsorbs glucose
as well, if the inflow of glucose into tubules increases,
reabsorption of 1,5-AG is inhibited™> "), Specifically, if
plasma glucose level exceeds 180 mg/dL, glucose is
excreted in urine; therefore, 1,5-AG is also excreted in
urine and serum 1,5-AG decreases.

Because of this mechanism, serum 1,5-AG reflects
glycemic status during the past 24 h and is used as an
indicator of very short-term glycemic control®®>%, In
addition, serum 1,5-AG is an indicator which reflects
postprandial hyperglycemia more accurately than
HbA1c®*®Y, It should be noted that in patients with
marked hyperglycemia and a large urinary glucose excr-
etion, even if glycemic control improves, serum 1,5-AG
does not increase in a short period because the 1,5-AG
pool in the body has decreased.

Because serum 1,5-AG is influenced by the threshold
for urinary glucose excretion as well, serum 1,5-AG is low
in renal glycosuria in which the threshold decreases. In
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chronic renal failure®*®" in which reabsorption of 1,5-AG

decreases, 1,5-AG is low because of transient glucosuria.
In other conditions such as oxyhyperglycemia'®’, patients
receiving long-term hyperalimentation'®®, and liver
cirrhosis®®*®®, serum 1,5-AG is abnormally low. On the
other hand, one of the causes of abnormally high 1,5-AG
levels is oral administration of Ninjin-yoei-to and Kami-
kihi-to!®” which contain a large amount of 1,5-AG.

It has been reported that because the threshold
for glucose in the kidney decreases during pregnancy,
glucose tolerance may not change, and glucosuria may
appear’’”. It has also been reported that serum 1,5-AG
during pregnancy is low because of this mechanism?.
Therefore, serum 1,5-AG during pregnancy does not
reflect glycemic control accurately and is not an appropri-
ate indicator of glycemic control.

CHANGE IN INDICATORS OF GLYCEMIC
CONTROL DURING PREGNANCY

Change in indicators of glycemic control during normal
pregnancy

In the past, Phelps et al’? reported the time course of
HbA1c during pregnancy in 377 non-diabetic pregnant
women and the time course of plasma glucose level at 1
h after 50 g oral glucose loading in 1756 normal pregnant
women. It was demonstrated that HbAlc shows a
biphasic change with the trough level occurring at week
24 of pregnancy and that 1 h plasma glucose level also
shows a biphasic change with the trough level occurring
at week 20 of pregnancy. In a report of the Japanese
Society of Diabetes and Pregnancy'?, similar tendencies
were shown; according to an analysis of 574 normal
pregnant women, HbAlc tends to decrease during the
middle stage of pregnancy and increase during the end
stage of pregnancy, and GA tends to decrease gradually
toward the end stage of pregnancy (Figure 1). Judging
from this report, the reference range in Japanese normal
pregnant women was considered to be 4.4% to 5.7%
for HbAlc and 11.5% to 15.7% for GA. In any case,
there is undoubtedly a difference between the time
course of HbAlc and GA during pregnancy, so which
indicator of glycemic control is reliable? We investigated
the effect of iron deficiency on HbA1lc in 17 normal
pregnant women%, HbA1lc increased significantly
from the middle stage of pregnancy (wk: 20-23) to the
end stage of pregnancy (wk: 32-33) (4.7% %= 0.2%
vs 5.1% % 0.2%; P < 0.0001). On the other hand,
GA showed no significant change. Mean corpuscular
hemoglobin (MCH), transferrin saturation, and serum
ferritin, which are indicators of iron deficiency, showed a
decrease toward the end stage of pregnancy; there was
a significant negative correlation between HbAlc and
MCH, transferrin saturation, and serum ferritin (Figure 2).
On the other hand, there was no significant correlation
between GA and MCH, transferrin saturation, and serum
ferritin. Based on the above findings, it is considered that
in normal pregnant women, iron deficiency progresses
during the end stage of pregnancy, and therefore HbAlc
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Figure 1 Time courses of indicators of glycemic control in normal pregnant women. The time courses of HbA1c (A), GA (B), and casual plasma glucose (C) in
normal pregnant women are shown (modified from Ref.[73]). °P < 0.05, °P < 0.01 vs non-pregnant women. HbA1c: Hemoglobin A1c; GA: Glycated albumin.

level increases. That is, HbAlc during pregnancy may
not be a reliable indicator of glycemic control, especially
during the end stage of pregnancy. However, if pregnant
women take in a sufficient amount of iron during preg-
nancy, increase of HbA1lc may not occur from the middle
stage to the end stage of pregnancy as shown in Figure 1.

Change in indicators of glycemic control of women with
GDM and overt diabetes mellitus

Glycemic control status is important in pregnant women
with diabetes mellitus and patients with GDM. For the
time courses of HbAlc and GA in pregnant women with

Roishidenge ~ WJD | www.wjgnet.com

diabetes mellitus and patients with GDM as well, the GA
Study Group of the Japanese Society of Diabetes and
Pregnancy has issued a detailed report”®. According
to this report, in 193 pregnant women with diabetes
mellitus and patients with GDM, HbA1c decreased during
the middle stage of pregnancy and then increased during
the end stage of pregnancy, as in the case of normal
pregnant women. On the other hand, GA decreased
as the gestational age advanced (Figure 3). However,
gestational diabetes was not distinguished from pre-
gnancy complicated with preexisting diabetes in this
report. The time courses of HbAlc and GA were similar to
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Figure 3 Time courses of hemoglobin A1c and glycated albumin in pregnant women with diabetes mellitus and patients with gestational diabetes mellitus.
The time courses of HbA1c (closed circles) and GA (open circles) in pregnant women with diabetes mellitus and patients with gestational diabetes mellitus are shown
(modified from Hiramatsu et af”™). HbA1c: Hemoglobin A1c. GA: Glycated albumin.

those observed in normal pregnant women; as expected,
there was a difference between time courses of different
indicators of glycemic control. Therefore, we made a
similar investigation in 11 pregnant women with diabetes
mellitus (7 patients with type 1 diabetes mellitus and 4
patients with type 2 diabetes mellitus) and 6 patients
with GDM®. As in the case of normal pregnant women,
HbA1lc increased significantly from the middle stage of
pregnancy (wk: 20-23) to the end stage of pregnancy
(wk: 32-35) (5.8% £ 0.7% vs5 6.1% =+ 0.6%; P < 0.05),
whereas GA showed no significant change. During the
end stage of pregnancy, MCH, transferrin saturation, and
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serum ferritin level decreased, and there was a significant
positive correlation between transferrin saturation and
the GA/HbA1c ratio. These results show that in pregnant
women with diabetes mellitus and patients with GDM,
iron deficiency progresses, and HbAlc increases during
the end stage of pregnancy.

We introduce a typical pregnant woman with diabetes
mellitus (36-year-old woman) as one of our patients.
She was not obese before pregnancy (BMI before
pregnancy was 22.7 kg/m?) and treatment with insulin
therapy was started before pregnancy. As the gestational
age advanced, HbA1lc increased from 6.2% (wk 18) to
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7.3% (wk 37), which suggested worsening of glycemic
control status. However, GA was stable between 17.2%
(wk 18) and 16.6% (wk 37). In contrast, serum ferritin
decreased from 22.8 ng/mL (wk 18) to 7.5 ng/mL (wk
37) during this period (Figure 4A). Because the time
course of HbAlc and serum ferritin formed a mirror
image, it was considered that the increase in HbA1lc
during the end stage of pregnancy was not due to poor
glycemic control status but due to iron deficiency anemia
(iron deficiency state). We emphasize that HbAlc (R =
-0.935, P < 0.001), but not GA (R = 0.322, P = 0.534),
was negatively correlated with serum ferritin (Figure 4B).
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In conclusion, GA is not influenced by iron deficiency and
so is a reliable indicator of glycemic control.

ASSOCIATION BETWEEN INDICATORS
OF GLYCEMIC CONTROL AND
COMPLICATIONS IN THE PERINATAL

PERIOD

The GA Study Group of the Japanese Society of Diabetes
and Pregnancy has analyzed the association between
outcomes (neonatal complications and birth weight)
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and indicators of glycemic control (HbAlc and GA)"?.

The analysis was made considering the upper limits in
normal pregnant women (HbAlc: 5.7%; GA: 15.7%);
for neonatal complications, the incidences of neonatal
hypoglycemia, polycythemia, and respiratory disorder
were found to be significantly higher in the group of
women with GA of more than 15.7% (Figure 5). In
addition, it was reported that the incidence of large-for
gestational age was also significantly higher in the group
of women with GA of more than 15.7% compared with
the group of women with GA of 15.7% or less. On the
other hand, it was reported that there was no significant
increase in the incidence in the group of women with
HbA1c of more than 5.7% compared with the group of
women with HbA1lc of 5.7% or less. Although a more
accurate judgment should be made by ROC analysis for
different cut-offs, GA is superior to HbA1lc for prediction
of perinatal complications. Furthermore, appropriate
regression analysis is necessary to see if the indicator
remains significant after eliminating the iron factors.
As we demonstrated in our patients, if HbAlc is appar-
ently high during the end stage of pregnancy, it may
be misinterpreted that glycemic control has worsened
and excessive insulin therapy may be performed,
leading to hypoglycemia and increased incidence of
perinatal complications of mothers and infants. Hence,
management based on GA is essential during pregnancy
also from the viewpoint of perinatal complications.

CONCLUSION

We outlined indicators of glycemic control in abnormal
glucose metabolism during pregnancy. As explained,
it is insufficient during pregnancy to use HbAlc as an
indicator of glycemic control; glycemic control using GA
is recommended. It is necessary to measure HbAlc to
enable comparison with the large amount of data accu-
mulated so far; the goal of management of abnormal
glucose metabolism during pregnancy might be to
maintain GA within the normal range (15.7% or less).
However, because little data from clinical studies is
available, large-population epidemiological studies would
be necessary in order to confirm our proposal.
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