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Voorwoord

Wetenschap betekent de ‘nauwkeurige en beredeneerde kennis van een bepaalde
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opgedane kennis door te kunnen geven aan anderen door de uiteenzettingen in dit
proefschrift. Daarnaast hoop ik dat de bevindingen uit dit proefschrift een bijdrage
zullen leveren aan de behandeling van diabetes mellitus bij zwangere vrouwen. Dit
zal hopelijk leiden tot een verbetering van de zwangerschapsuitkomst.

Anneloes Kerssen
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Chapter 1

Introduction

Pregnancy in women with type 1 diabetes mellitus has been associated with mater-
nal, fetal and neonatal morbidity for a long time.! Treatment in these women
should be aimed at achieving a pregnancy outcome that approximates that of
healthy women.? It is commonly agreed that the morbidity decreases when diabetic
control is tightened.>” The most common methods for the determination of
diabetic control are the self-monitoring of blood glucose levels (SMBGQG) and the
measurement of HbA, -levels. SMBG is used for the observation of daily glucose
levels while HbA, -levels give information on the glycaemic control of the patients
over the previous two to three months.? The widely used guidelines of the
American Diabetes Association (ADA) recommend a minimum of three SMBG per
day during pregnancy.’ The ADA guidelines also state that in women with diabetes,
HbA, -levels within 1% above the normal range are acceptable during pregnancy.!?
These recommendations are based on several studies that have indicated that near-
normal HbA, -levels are associated with rates of congenital malformations and
spontaneous abortions that are no greater than rates found in the non-diabetic
population.!!15 Most of these studies, however, were conducted in selected popula-
tions often treated in specialised centres.!?-14

In 1999-2000, a nation-wide study investigating pregnancy outcome in women with
type 1 diabetes mellitus in the Netherlands, was conducted at our department.'® In
this prospective unselected cohort based study, a total of 323 pregnant women with
type 1 diabetes from 118 hospitals participated. Eighty-four percent of the preg-
nancies were planned and folic-acid supplementation was adequate in 70%. HbA, -
levels in early pregnancy were <7.0% in 75% of the study population. Maternal
and neonatal complication rates, however, were considerably higher when com-
pared to the rates in the general population (Tizble 1 and Table 2).'® The macrosomia
rate (birth weight =90th centile) was four times that of the background population
while the incidence of congenital malformations was triple that of the background
population. The capacity of HbA, -levels to predict macrosomia appeared to be
weak (explained variance <10%). The high complication rates were surprising
taking into account the high percentages of women with ‘safe’ HbA, -levels,
planned pregnancies en folic-acid intake.

Over the last decade, several other unselected, population-based studies on out-
comes of pregnancies in women with type 1 diabetes have been published

(Table 3).17-20 In the diabetic population the relative risk of stillbirth and perinatal
mortality was three to six times that of the background population. Infants of
women with type 1 diabetes had a two to ten-fold greater risk of having a congeni-
tal malformation than infants of healthy women. In all studies the distribution of
birthweight was shifted markedly to the right compared to the reference popula-
tion. Unfortunately, in three of the four studies, no mention was made of the

[10]
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degree of diabetic control during these pregnancies. Hawthorne ez 4/. showed that,
although 63 % of the pregnancies were planned and pre-pregnancy advice was given
in 80% of the planned pregnancies, only 29% of the women achieved good diabetic
control. A major difficulty pointed out by Hawthorne et /. was the lack of a
standardised measure of diabetic control before and during pregnancy.!’”

Table 1. Maternal outcome of pregnancies complicated by type 1 diabetes mellitus
compared to national Dutch data

Type 1 diabetes mellitus National data
Pre-eclampsia (%) 12.7 1.05*F
Prematurity (%) 32.2 7.1*
Caesarean section (%) 44.3 12.0*
Maternal mortality (%) 0.6 0.01*f

*p<0.05, tNational data of 1995-1996, $ National data of 1996-1998

Table 2. Perinatal outcome of pregnancies complicated by type 1 diabetes mellitus
compared to national Dutch data.

Type 1 diabetes mellitus National data
Congenital malformations (%) 8.8 2.6*
- major 5.5 -
- minor 33 -
Perinatal mortality (%) 2.8 0.8*
Macrosomia (%) 45.1 10.0*

* p<0.05

The most frequent complication of type 1 diabetes during pregnancy is macroso-
mia.!%17:21 Macrosomia is associated with maternal complications such as higher
rates of prolonged first and second stages of labour, an increased risk of instrumen-
tal vaginal delivery, shoulder dystocia, caesarean birth, third and fourth-degree peri-
neal lacerations and postpartum hemorrhage.?>??> Neonatal complications associ-
ated with macrosomia include fractures of the clavicula, Erbs palsy, hypoglycaemia,
infant respiratory distress syndrome (IRDS) and hyperbilirubinaemia.?#-26
Macrosomia is likely to be caused by maternal (and fetal) hyperglycaemia, although
correlations with maternal HbA, -levels are low.27-31 However, macrosomia is
associated with high levels of fetal insulin in the amniotic fluid and it may well be
that post-prandial glucose peaks are not reflected by HbA, . percentages.*? It has
also been shown that post-prandial glucose peaks may not be detected by routine
glucose testing.>3 Other major perinatal complications seen in women with type 1

[11]
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diabetes include sudden intra-uterine death of the fetus, congenital malformations
and neonatal hypoglycaemia.!”-2% All these complications seem to be associated
with intermittent hyperglycaemia of the mother during pregnancy. Intra-uterine
fetal death is most likely based on impaired ripening of the placenta, resulting in
chronic fetal hypoxemia.?* When, as a result of hyperglycaemia in the mother,
glucose levels in the hypoxic fetus increase, anaerobic glycolysis will result in fetal
lactate accumulation and eventually in fetal death. Clinical studies have indicated
that the most important alteration in the embryonic environment capable of
inducing congenital malformations is an increase in glucose concentration.?>-?
Glucose levels have a number of direct metabolic, possibly teratogenic, conse-
quences for the embryo and the development of congenital malformations is,
therefore, dependent on blood glucose levels during embryogenesis. Neonatal
hypoglycaemia is most likely due to pancreatic islet cell hyperplasia caused by
intermittent hyperglycaemia during pregnancy.*’ This results in hyperinsulinaemia
which, besides acting as a growth factor, causes hypoglycaemia after birth when
maternal glucose supply stops abruptly.

All the major complications seen in pregnancies of women with type 1 diabetes
seem to be associated with intermittent hyperglycaemia. We hypothesised that
these hyperglycaemic episodes are short and post-prandial and are not monitored
on routine daily testing (SMBG). In pregnancies of women with type 1 diabetes, the
incidence of hypoglycaemic episodes is also increased.*1-#* It is conceivable that the
alternating hypo- and hyperglycaemic episodes are of little influence on HbA -
levels as these can be considered as a mean over a 120-day period.® This would
explain the finding that complication rates remain high, despite achieving adequate
diabetic control as currently defined in international guidelines. A close look at
maternal glucose levels during pregnancy in women with type 1 diabetes is neces-
sary to explore this hypothesis. Secondly, close observation of maternal glucose
levels in non-diabetic women is necessary to define normoglycaemia during
pregnancy.

A novel device for the monitoring of glucose levels in the home setting is the
Continuous Glucose Monitoring System (CGMS). This device measures glucose
levels in the subcutaneous interstitial tissue fluid every five minutes during three
days and makes continuous ambulatory monitoring of glucose profiles throughout
the pregnancy possible.

[ 13]
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Aim of the thesis

Given the uncertainty as to the association between (abnormal) glucose levels and
pregnancy outcome in women with type 1 diabetes mellitus, we started this PhD
project.

The thesis was aimed at answering the following questions:

1) Can glucose levels of pregnant women with type 1 diabetes mellitus
be measured reliably using the Continuous Glucose Monitoring
System (CGMS)?

2) What are normal glucose levels throughout gestation when measured with
the CGMS?

3) What is the relation between HbA, -levels, glucose profiles obtained with
fingerstick measurement and diurnal glucose profiles measured with the
CGMS in pregnant women with type 1 diabetes mellitus?

4) Can birth weight be predicted by the weight of an earlier born infant in
women with type 1 diabetes mellitus?

5) What is the relationship between diurnal glucose profiles and occurrence of
fetal macrosomia in pregnant women with type 1 diabetes mellitus?

[ 14]
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Outline of the thesis

Performance of the CGMS

In Chapter 2 the accuracy of the CGMS is evaluated by comparing glucose levels
measured with the CGMS with capillary self-monitored blood glucose levels. In
Chapter 3 the reproducibility of the CGMS is evaluated by comparing glucose
profiles of two CGMS devices worn simultaneously.

Healthy women
The results of a longitudinal study in which the diurnal glucose profiles were
measured in healthy pregnant women are described in Chapter 4.

Women with type 1 diabetes mellitus

The relationship between within-day variability of glucose levels and HbA, -level
in the first trimester of pregnancy is described in Chapter 5. In Chapter 6 the
accuracy of the HbA, -levels currently described as ‘safe’ during pregnancy and the
number of self-monitored blood glucose values that have to be obtained daily to
give an accurate idea of glucose levels, are studied. The degree of day-to-day
variability in glucose profiles and the effect of this variability on treatment of the
diabetes are described in Chapter 7. The usefulness of three-day instead of two-day
continuous glucose measurements is described in Chaprer 8. The value of older
sibling birth weight and mean HbA, -level during pregnancy as predictors of
macrosomia is described in Chapter 9. Diurnal glucose profiles during the three
trimesters of pregnancy are related to infant birth weight in Chapter 10.

Chapter 11 contains a summary, conclusions and recommendations for the future.

[15]
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Chapter 2

Abstract

Objective The Continuous Glucose Monitoring System (CGMS) allows close
monitoring of glucose patterns and might be helpful in explaining the persistence of
high complication rates in pregnancies of women with type 1 diabetes. It was the
aim of this study to determine whether the CGMS accurately reflects glucose levels
in pregnant women with type 1 diabetes mellitus.

Methods Fifteen pregnant women with type 1 diabetes used the CGMS and were
asked to determine at least seven fingerstick blood glucose levels each day, of which
four were used for calibration. The patients were asked to keep a diary of the non-
calibration blood glucose values. The accuracy of the CGMS was studied by
comparing the non-calibration blood glucose values to simultaneously measured
sensor glucose values using the Pearson correlation coefficient, the mean of abso-
lute differences and the Clarke error-grid analysis.

Results A total of 239 non-calibration blood glucose values were analysed.
Correlation coefficient between non-calibration blood glucose and sensor glucose
value was 0.94 (p<0.001). Mean of absolute difference was 0.74 mmol/l. Of the non-
calibration data 93.8% fell in the clinically acceptable zone of the Clarke error-grid
analysis.

Conclusion The CGMS is an accurate tool for additional glucose monitoring in
pregnant women with type 1 diabetes mellitus.

[22]
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Introduction

With the persistence of increased rates of macrosomia and congenital malforma-
tions in infants born to women with type 1 diabetes mellitus who are well regulated
according to conventional standards (i.e. HbA, -level <1% above the upper limit of
normal range), more frequent measurements of glucose levels are necessary.!-3
Determination of glucose levels in subcutaneous tissue fluid is a less invasive
alternative for blood glucose measurements. Continuous subcutaneous glucose
monitoring allows identification of glucose excursions and can be combined with
details of everyday activities. Patterns and trends observed with the continuous
measurement might be helpful in explaining complications and in adjustment of
treatment.

Currently, several methods for determination of glucose levels in subcutaneous
tissue fluid are available: (1) electrochemical detection, (2) microdialysis, and (3)
reverse iontophoresis.** As reverse iontophoresis does not seem to be accurate
concerning the detection of hypoglycaemia and as microdialysis is not patient-
friendly in use due to size of the device and diameter of the insertion needle, our
focus is currently on electrochemical detection with use of the Continuous Glucose
Monitoring System (CGMS, MiniMed, Sylmar, CA 91342, USA).*¢

Research has shown that interstitial fluid glucose levels are 20-50% lower than
blood glucose levels.” Calibration of the CGMS with capillary glucose levels
enables the system to correct for this difference.® However, clinical performance
and reproducibility of the CGMS have been reported to be unsatisfactory in some
non-pregnant diabetic populations.”!! Tt was the objective of this study to deter-
mine whether the CGMS accurately reflects glucose levels in pregnant women with
type 1 diabetes mellitus.

Materials and methods

The Continuous Glucose Monitoring System

The CGMS has three components: a sterile disposable glucose sensor, a glucose
monitor and a connecting cable. A communication station (Com-Station) is needed
to download the data stored in the monitor to a personal computer. The sensor
consists of a thin, one centimetre long flexible polyurethane tube that houses the
glucose-sensing electrode. The sensor measures interstitial glucose as an electrical
potential created by the reaction of glucose oxidase with glucose. The sensor signal
is acquired every ten seconds and an average of the acquired signals is saved in the
monitor every five minutes. The monitor stores values within a range of 2.2-22.2
mmol/l (40-400mg/dl) providing 288 readings in 24 hours. Maximum recording
interval is suggested as 72 hours. Besides interstitial glucose levels, the monitor
stores event markers for meals, insulin injections and exercise.

[ 23]
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The electrical readings acquired by the sensor are converted into glucose levels
(mmol/l) when downloaded from the monitor to a personal computer. To be able to
determine a calibration factor, at least four fingerstick blood glucose levels need to
be entered into the monitor each 24 hours.

The data of the CGMS are, according to the MiniMed instructions, valid if three
criteria for optimal accuracy are met: 1) at least four paired sensor glucose / meter
glucose readings per day, 2) correlation coefficient between sensor glucose values
and these four meter blood glucose readings =0.79, 3) average value of differences
between sensor glucose values and meter glucose values for a given day <28%.8

Methods

Fifteen pregnant women with type 1 diabetes mellitus were asked to use the CGMS
for three days. They were asked to determine at least seven fingerstick blood
glucose levels each day of which four were used for calibration. Patients were asked
not to enter the non-calibration blood glucose values in the monitor but to keep a
diary of the values with the exact time of determination. After downloading the
CGMS data, the non-calibration capillary glucose values were matched with
synchronously measured CGMS glucose values. The accuracy of the CGMS was
analysed using the Pearson correlation coefficient (r), the mean of absolute differ-
ences (MAD) and the Clarke error-grid analysis.!? The error-grid analysis (EGA)
describes the accuracy of glucose measurement systems over the entire range of
glucose values taking into account the absolute value of the system-generated
glucose value, the absolute value of the reference blood glucose value, the relative
difference between the two values and the clinical significance of this difference.
The EGA defines the x-axis as the reference (blood) glucose value and the y-axis as
the determined (sensor) glucose value. The data obtained fall into different accu-
racy zones on the EGA (Figure 1). Zone A, sensor glucose values deviating from the
reference blood glucose values less than 20% or both sensor and reference value
<3.9 mmol/l. Zone B, sensor values deviating from reference values >20% but not
leading to treatment adjustments. Zone C, sensor values resulting in over correc-
tion of acceptable glucose levels. Zone D, dangerous failure to detect and treat
glucose levels. Zone E, wrongful treatment of glucose levels.!? Glucose values in
zone A and B are considered clinically acceptable whereas errors in zones C, D and
E are considered potentially dangerous since they may lead to wrong treatment
decisions.

[ 24]
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Figure 1. Zones of the Clarke error-grid with percentage of non-calibration pairs
of data in each zone.

Results

All 15 pregnant women with type 1 diabetes mellitus who were asked for this study
participated. There were no adverse events associated with the use of the CGMS.
Mean age of the patients was 34.4 years (range 29.8 to 39.2 years) and mean HbA, -
level was 6.4% (range 5.3 to 7.5%). Of the patients six, four and five were in their
first, second and third trimester of pregnancy, respectively.

There were 45 sensor days in the 15 women who participated. In seven women one
day did not meet the criteria for optimal accuracy; two days had an average value of
differences between sensor glucose values and meter glucose values >28% and of 5
days data collection during the 24 hours was incomplete. Thus, there were 38 days
available for analysis.

Each 24-hours, four calibration blood glucose values (total 152) and three to 12
additional non-calibration capillary blood glucose values (total 239) were available
for analysis. Pearson correlation coefficient for relation between blood glucose and
sensor glucose value was 0.94 (p<0.001) and 0.96 (p<0.001) for the non-calibration
and calibration pairs of data, respectively (Figure 2).
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MAD was 0.74 and 0.63 mmol/] for non-calibration and calibration pairs of data,
respectively. The results of the error grid analysis for the non-calibration pairs of
data are as follows: zone A 85.4%; zone B 8.4%; zone C 0%; zone D 6.2%;

zone E 0% (Figure 1). Figure 3 shows two graphical examples of 24-hours of sensor
glucose values and all meter glucose values.

Post-hoc analysis of the 15 pairs of data classified in zone D with clinically non-
acceptable errors (6.2%) shows that this error occurred in seven of the 15 patients.
In all cases the blood glucose value was lower than the sensor glucose value. In 5 of
these pairs of data the patients (n=4) experienced a hypoglycaemia (symptomatic
and blood glucose level <3.9 mmol/l) within one hour after insulin injection while
sensor glucose levels did not fall below the hypoglycaemia limit. In the 10 other
pairs of data, the blood glucose level ranged from 2.6 to 3.6 mmol/l while sensor
glucose values ranged from 4.1 to 4.9 mmol/l. In these cases patients (n=6) did not
experience a hypoglycaemia, but had hypoglycaemic blood glucose levels at regular
measurement time points.
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Figure 2. a) Relation between capillary blood glucose and sensor glucose values of
non-calibration data (r=0.94, p<0.001). b) Relation between capillary blood
glucose and sensor glucose values of calibration data (r=0.96, p<0.001).
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Figure 3. Twenty-four hour graphical profiles with sensor glucose values and all
meter glucose values of two patients.

Discussion

Our results illustrate that in pregnant women with type 1 diabetes mellitus, con-
tinuous subcutaneous glucose measurements with the CGMS are accurate when
compared to capillary fingerstick measurements since 93.8% of the data are in the
clinically acceptable zone of the EGA.

Analysis of the pairs of data classified in zones with clinically not acceptable errors
shows blood glucose values in the hypoglycaemic range (<3.9 mmol/l) while sensor
glucose values are in the normal range (3.9-7.8 mmol/l). Aussedat et a/.!3 have
shown in rat studies that during insulin induced hypoglycaemia the decrease in
interstitial glucose was less marked than that of plasma glucose. This can be
explained by a difference in glucose kinetics between blood and interstitial fluid.
The blood glucose level is the result of endogenous (hepatic) glucose production
and exogenous glucose administration minus the elimination of glucose by the
kidney and output of glucose to the interstitial tissue. Interstitial glucose level is the
result of input from the vascular compartment minus the output into the surround-
ing cells. In patients with diabetes the primary defence against hypoglycaemia is
catecholamines.!* Theoretically it is conceivable that in hyperinsulinaemic hypo-
glycaemia, catecholamines partially suppress the effect of insulin on glucose
transport from interstitial tissue to cells, delaying and reducing the decrease in
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interstitial glucose level.!’> Furthermore additional effects due to alterations in

subcutaneous blood flow during hypoglycaemia cannot be ruled out, although an
increase and a decrease during hypoglycaemia have both been described.!>-18
Finally, it may also be argued that, due to measurement errors, home-fingerstick
capillary blood glucose levels are not always representative for plasma blood glucose
levels.19-21

Several reports have cast doubt on the accuracy of home-monitoring devices in
pregnant diabetics with glucose levels ranging up to 8.0 mmol/1.2223 It has been
suggested that lower hematocrite levels combined with metabolic and physiological
changes during pregnancy interfere with the accuracy of these home-monitoring
devices.?? Furthermore, two studies conducted in a non-pregnant diabetic popula-
tion evaluating the accuracy of blood glucose meters when used in the hypoglycae-
mic range (<3.9 mmol/l) show that there is a substantial difference between
different blood glucose meters.”*?* In the hypoglycaemic range none of the blood
glucose meters used in these studies met the criteria recommended by the American
Diabetes Association (target variability not exceeding 5% and total error of less
than 15%).242% Since fingerstick home-monitored blood glucose levels were used
as standard in this study, this lack of accuracy might be problematic. However, in
the normo- and hyperglycaemic range home-monitoring devices have tested to be
accurate with a total error <15%.2728 The use of fingerstick glucose testing for this
study, therefore, seems acceptable, at least for values above the hypoglycaemic
range.

The presence of a time lag ranging from 15 to 55 minutes between blood glucose
and interstitial fluid glucose levels during recovery from hypoglycaemia has been
described as an obstacle in continuous subcutaneous glucose measurement.’»13,2%:30
The design of our study was insufficient to reveal this aspect. However, the findings
in literature showing an overestimation of hypoglycaemia by the CGMS 7132930
and the findings showing an increased risk of developing hypoglycaemia during
pregnancy in women with type 1 diabetes,?!3? imply that the CGMS is only an
additional tool and not a replacement of fingerstick capillary glucose measurements
during pregnancy.

CGMS performance statistics are better in patients with type 1 diabetes than in
patients with type 2 or gestational diabetes.’>? This can be accounted for by a
difference in glucose variability between patients with different types of diabetes.
The CGMS glucose concentrations are calculated in retrospect using a regression
analysis of the blood glucose values with corresponding sensor readings for each
calendar day.® The regression coefficient calculated in the calibration is strongly
influenced by variations in the blood glucose values used to calculate them and
becomes more accurate when the range of values rises. It has been demonstrated
that pregnancy in women with type 1 diabetes is complicated by within-day glucose
variability larger than outside pregnancy.>* This may explain the very high level of
accuracy of the CGMS seen in this study.
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In conclusion, the CGMS is an accurate tool for additional glucose measurements in
pregnant women with type 1 diabetes, at least in situations in which the MiniMed
accuracy criteria are met. Treatment decisions should, however, not be based on
CGMS measurements alone as this can lead to clinically unacceptable treatment
errors as the CGMS occasionally misleads in the hypoglycaemic range.
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Abstract

Objective In pregnant women with type 1 diabetes tight glycaemic control
reduces perinatal complications. Intensive observation of glucose profiles is
essential in the achievement of tight glycaemic control. The recent availabil-
ity of the Continuous Glucose Monitoring System (CGMS) creates the
opportunity to obtain more complete glucose profiles. This study was aimed
at evaluating the accuracy of the CGMS in pregnant women with type 1
diabetes.

Methods Five pregnant women with type 1 diabetes were asked to use two
CGMS simultaneously. The simultaneously measured glucose levels were
analysed using Pearson correlation, the mean absolute difference and Bland-
Altman analysis. Secondly the percentage of concordance of paired data in
the hypoglycaemic, normoglycaemic or hyperglycaemic range was calculated.

Results The correlation coefficient between simultaneously measured data
was 0.94 (P<0.001). The mean absolute difference was 1.1+0.8 mmol/I.
Bland-Altman analysis shows that 95% of the data pairs have a difference
<1.74 mmol/l. Almost 80% of the data pairs could be classified in the same
glucose range. In 81% of the non-concordant pairs, one glucose value was
classified in the hypoglycaemic range and one in the normoglycaemic range.

Conclusion This study shows that the reproducibility of the CGMS in
pregnant women with type 1 diabetes is adequate. This indicates that the
CGMS is a useful tool in the management of type 1 diabetes in pregnant
women. However, the CGMS should only be used as a supplementary
method of daily glucose level measurement as a small degree of error, mainly
in the hypoglycaemic range, is present.
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Introduction

Intensive diabetes management is necessary in pregnant women with type 1
diabetes mellitus since tight glycaemic control has been shown to reduce maternal
and neonatal complications.!* Regular self-monitoring of blood glucose levels (SMBG)
combined with personalized insulin regimens are used to optimise glycaemic
control. SMBG, however, has its limitations since the intermittent measurements
give an incomplete picture of blood glucose fluctuations over the day. The availabil-
ity of continuous glucose monitoring systems gives the opportunity to obtain more
complete glucose profiles. The Continuous Glucose Monitoring System (CGMS)
was one of the first systems available for clinical use.

In non-pregnant diabetic subjects the accuracy of the CGMS has been tested.*!1
The correlation coefficient between sensor glucose and meter blood glucose levels
has been reported to range from 0.76 to 0.81.>8 Error grid analyses have shown
that 95-99% of the glucose levels measured with the CGMS do not lead to differ-
ences in treatment strategies when compared to blood glucose levels.”>
Comparison of two CGMS devices used simultaneously, this far, has been restricted
to non-pregnant diabetic patients, with a correlation coefficient of 0.84.%7 The
CGMS has a higher detection rate of hyperglycaemic and hypoglycaemic episodes
compared to intermittent fingerstick blood glucose measurement.” However, the
usefulness of the CGMS as hypoglycaemia detector is still on debate as the accuracy
of the device seems to decrease when glucose levels are in the hypoglycaemic
range.>%10
In a previous report we have shown that the performance of the CGMS in pregnant
women with type 1 diabetes is accurate since the correlation coefficient with meter
blood glucose values was 0.94 (p<0.001) and since 94% of the measurements did
not lead to differences in treatment strategies when compared to self-monitored
blood glucose levels.!! So far this has been the only study evaluating the accuracy of
the CGMS in pregnant women with type 1 diabetes.

The aim of the present study was to further explore the accuracy of the CGMS in
pregnant women with type 1 diabetes by comparing the glucose profiles of two
CGMS devices worn simultaneously.

Materials and methods

The Continuous Glucose Monitoring System

The CGMS has three components: a sterile disposable glucose sensor, a glucose
monitor and a connecting cable. A communication station (Com-Station) is needed
to download the data stored in the monitor to a personal computer. The sensor
consists of a thin, one centimetre long flexible polyurethane tube that houses the
glucose-sensing electrode. The sensor measures interstitial glucose as an electrical
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potential created by the reaction of glucose oxidase with glucose. The sensor signal
is acquired every ten seconds and an average of the acquired signals is saved in the
monitor every five minutes. The monitor stores values within a range of 2.2-22.2
mmol/l (40-400mg/dl) providing 288 readings in 24 hours. Maximum recording
interval is suggested to be 72 hours. Besides interstitial glucose levels, the monitor
stores event markers for meals, insulin injections and exercise.

The electrical readings acquired by the sensor are converted into glucose levels
(mmol/l) when downloaded from the monitor to a personal computer. To be able to
determine a calibration factor, at least four finger stick blood glucose values need to
be entered into the monitor each 24 hours.

The data of the CGMS are, according to the MiniMed instructions, valid if three
criteria for optimal accuracy are met: 1) at least four paired sensor glucose / meter
glucose readings per day, 2) correlation coefficient between sensor glucose values
and these four meter blood glucose readings =0.79, 3) average value of differences
between sensor glucose values and meter glucose values for a given day <28%.12 In
this study glucose profiles measured with the CGMS were used only if the accuracy
criteria were met and if none of the 288 glucose measurements per 24-hours were
missing.

Methods

Five pregnant women with type 1 diabetes mellitus (gestational age 25-32 weeks)
participated in this study. Each patient was asked to use two CGMS devices simul-
taneously for at least 24 hours. The CGMS devices were placed symmetrically on
the left and right side of the abdomen. Three patients used continuous subcutane-
ous insulin infusion (CSII) and two used multiple injections as method of insulin
therapy. In the patients using CSII, the CGMS was inserted at a distance of at least
ten centimetres from the insertion site of the pump catheter. The patients were
asked to determine a minimum of four SMBG per day that were used for the
calibration of the CGMS.

Analysis

According to the American Diabetes Association (ADA) consensus statement,
SMBG devices should have a total error (analytic and user) of preferably no more
than 5% and at the most 15% at glucose concentrations between 1.7 and

22.2 mmol/1.13 This specific performance goal is defined for the comparison of
blood glucose values measured with SMBG devices with glucose values measured in
a laboratory.!> No consensus exists as to which degree of difference is acceptable
when two SMBG devices or two CGMS devices are compared during simultaneous
use. We therefore used several methods in the analyses:

1) Pearson correlation coefficients of the paired sensor glucose values.

2) The mean absolute difference between paired sensor glucose values.

3) Simultaneously measured CGMS glucose readings were compared using
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Bland-Altman analysis.!* With the latter analysis the difference of two
simultaneous measurements on the same subject is plotted against the mean
of the two measurements and the ‘95% limits of agreement’ are calculated.
These limits will include the difference between the two measurements on
the same subject with a probability of 95%.

4) Concordance in the simultaneous measurements of each patient was
determined by calculating the percentage of data that could both be classified
in one of the following categories: A) hypoglycaemic range (glucose value
<3.9 mmol/l); B) normoglycaemic range (glucose values 3.9-7.8 mmol/1); C)
hyperglycaemic range (glucose value =7.8 mmol/1).1>16

Results

Use and performance of the CGMS according to the MiniMed
criteria

The CGMS measurement period ranged from 26 to 76 hours. Two of the three
patients using CSII removed the CGMS after completing only one 24-hour period
as the use of three devices attached to the abdomen (two CGMS devices and one
insulin pump) was too uncomfortable, especially during the night. As the study
group was small and the influence of each patient on the results should be equal, we
decided to use one 24-hour period of each patient. Of the patients with more than
24-hours of CGMS measurement we used the first complete 24-hour period (from
midnight to midnight) that was available. Thus, 288 paired sensor-sensor data per
patient (1440 in total) were analysed. The agreement between sensor glucose
readings and meter glucose readings was, according to the MiniMed performance
criteria, good. There were 23 paired sensor-meter glucose values. The correlation
coefficients between sensor and meter glucose levels were 0.98, both for the CGMS
used on the left and the one used on the right side of the abdomen. The mean value
of differences between sensor glucose values and meter blood glucose values was
9.9% (range 1-26%) and 11.2% (range 0.6-27%) for the CGMS used on the left
and right, respectively.
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Reproducibility of the CGMS

The simultaneously measured CGMS glucose profiles of all five patients are shown
in Figure 1. Table 1 shows the correlation coefficients and significance levels of
CGMS glucose levels measured per patient. The 1440 paired sensor values com-
bined correlated significantly, r=0.94, p<0.001 (Figure 2). The mean absolute
difference in glucose levels was 1.1£0.8 mmol/1 (1able 2). Comparison of the data
using Bland-Altman analysis indicated a 95% probability limit range of £1.74
mmol/ (range -1.96 to 1.52 mmol/l, Figure 3). When the glucose values measured
with the CGMS were classified as being in the hypoglycaemic, normoglycaemic or
hyperglycaemic range, 79% of the data pairs were concordant (Tzble 3). In 81% of
the pairs of data that were not concordant, one glucose value was classified as in the
hypoglycaemic range and the other was classified as in the normoglycaemic range

(Table 3).
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Figure 1. Glucose profiles of pregnant women with type 1 diabetes using two CGMS
simultaneously

[38]



Pregnant diabetics using two CGMS simultaneously

Table 1. Correlation coefficients and significance levels of CGMS glucose values

measured on the left and the right side of the abdomen simultaneously.

Patient Pearson correlation coefficient  Significance
A 0.58 0.000*
B 0.87 0.000*
C 0.94 0.000*
D 0.84 0.000*
E 0.56 0.000*
Total 0.94 0.000*
* significant with p < 0.001

Table 2. Mean absolute difference of simultaneously measured CGMS glucose values.

Patient Mean absolute difference*
A 1.1+0.7
B 1.4+09
C 1.0+ 0.9
D 0.7+0.5
E 1.1 0.8
Total 1.1 £0.8

*mean and SD in mmol/I

Table 3. Concordance of simultaneously measured glucose values after classification

into hypoglycaemic, normoglycaemic and hyperglycaemic range.

Patient concordant *  of the non-concordant values
1 normoglycaemic and 1 normoglycaemic and 1 hypoglycaemic and
1 hypoglycaemic* 1 hyperglycaemic* 1 hyperglycaemic*

A 77.8 84 16 0

B 70.8 71 23 7

C 96.2 73 27 0

D 75.3 70 30 0

E 72.9 95 5 0

Total 78.6 81 17 2

* percentage (%)
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Figure 2.

Figure 3.
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Discussion

Data on simultaneous use of two CGMS devices this far have been restricted to two
studies including only fifteen non-pregnant patients with type 1 diabetes.*” The
use of two devices is a burden to the patients and volunteers are difficult to get. Our
data are the first observing the reproducibility of the CGMS during pregnancy in
patients with type 1 diabetes mellitus.

The simultaneous use of two CGMS devices should, ideally, give two identical
glucose profiles. The results of the present study show that the profiles are indeed
strongly related (Pearson correlation coefficient r=0.94, p<0.001) but that there are
small differences (mean absolute difference of 1.1 mmol/l, with 5% of the data
having differences >1.74 mmol/l). The question is whether these differences are
acceptable or, in other words, whether these differences would lead to differences in
treatment strategies. To answer this question we determined the concordance of the
data after classification into hypoglycaemic, normoglycaemic or hyperglycaemic
range since glucose values in these ranges require different treatment. Almost
eighty percent of the data pairs were concordant. Of the errors made, 81% was in
the hypoglycaemic range. This finding is in concordance with previous studies that
have shown that the performance of the CGMS in the hypoglycaemic range is not
always satisfactory.” %1011 Over- and underestimation of duration and severity of
hypoglycaemic episodes have both been reported.>%1011 Of the previous two
studies observing the reproducibility of the CGMS,*’ only Metzger et al.* clinically
interpreted the data. They found that clinical interpretations were concordant for
only 65% of the readings of simultaneously used CGMS devices. Unfortunately,
their analysis of the glucose range in which the clinically significant errors were
made, was not comparable to that in our study. Secondly, in that study a complete
24-hour recording was obtained in only half the study group, which suggests
technical problems associated with the use of the CGMS.

The CGMS measures glucose levels in the interstitial fluid. The glucose concentra-
tion in the interstitial fluid is dependent on diffusion of glucose from peripheral
capillaries. Theoretically, the differences found in this study may be attributed to
differences in distance (and thus diffusion time) between the CGMS sensor elec-
trode and the capillaries in the abdominal interstitial tissue. However, if that were
the case, one of the two CGMS devices would constantly measure lower or higher
glucose levels than the other CGMS device. Close inspection of the glucose profiles
shown in Figure 1, however, shows that the glucose levels measured with the
CGMS on the left and on the right side of the abdomen alternate with sometimes
one and sometimes the other giving higher values. Hence, the cause of the differ-
ences in simultaneously measured CGMS glucose levels is most likely technical (the
generation and measurement of electrical potential created by the reaction of
glucose oxidase with glucose) or analytical (conversion of the electrical readings
into glucose levels).
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The manufacturers indications for use of the CGMS state that the device is cur-
rently intended for occasional use and that it should be used as a supplement to and
not as a replacement for standard fingerstick measurements. The device is not
intended to change insulin dosages based on the numbers generated. The CGMS
identifies patterns of glucose fluctuations and this information should be used to
adjust insulin administration patterns, change the patient’s diet or improve the
educational efforts.!?!7 The results of the present study show that reproducibility
of the device in pregnant women with type 1 diabetes is adequate and this indicates
that the CGMS is a useful tool in the management of type 1 diabetes in pregnant
women. However, the CGMS should only be used as a supplementary method of
daily glucose level measurement as a small degree of error, mainly in the hypogly-
caemic range, is present.
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Abstract

Objective Normoglycaemia during pregnancy in non-diabetic women has
not yet been defined adequately. This study was aimed at observing diurnal
glucose profiles in the home setting in each trimester of pregnancy and after
pregnancy in non-diabetic women using the Continuous Glucose
Monitoring System (CGMS).

Methods Twelve healthy non-diabetic pregnant women were asked to use
the CGMS once during each trimester of pregnancy and once after the
pregnancy. Diurnal glucose profiles were compared between the three
trimesters of pregnancy and the non-pregnant state. Of each measurement
day fasting glucose and post-prandial (breakfast, lunch and supper) peak
glucose values were determined.

Results Nighttime glucose levels were lower during pregnancy, especially
during the third trimester of pregnancy. Median fasting glucose values
decreased from 4.2+0.6 mmol/l in the non-pregnant state to 3.3+1.5 mmol/l
in the third trimester of pregnancy. Post-breakfast peak glucose values
increased during pregnancy.

Conclusion This is the first study in which glucose profiles were measured
continuously in the home setting in non-diabetic women in each trimester of
the pregnancy and in the non-pregnant state. Nocturnal and fasting glucose
levels decreased throughout pregnancy and were regularly less than the
lower limit of normoglycaemia (3.9 mmol/l). Post-prandial glucose values
increased during pregnancy and regularly exceeded the upper limit of
normoglycaemia (7.8 mmol/l). These findings may be of help in establishing
the aim of treatment strategies in pregnant women with diabetes mellitus
and in diagnosing gestational diabetes.
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Introduction

Pregnancies of women with type 1 diabetes mellitus are associated with increased
perinatal and maternal morbidity.!> Treatment in these women is aimed at ‘achiev-
ing pregnancy outcomes that approximate that of the non-diabetic women’.6 It is
generally believed that this target can only be achieved when the diurnal glucose
profiles of pregnant diabetics mimic that of pregnant women without diabetes.””
Extensive research into the mechanisms responsible for the glucose homeostasis
during pregnancy indicates that in healthy women late pregnancy may mimic a
diabetogenic state.!-13 However, it has proved difficult to establish the actual
diurnal glucose profiles in pregnant non-diabetic women. Available studies are often
limited to the second half of pregnancy *15 and the numbers of studied subjects are
small.!6:17 Another obstacle has been the lack of possibilities for continuous glucose
monitoring in the home setting.!® The measurement of glucose levels in the
subcutaneous interstitial tissue fluid is a new approach and allows continuous
measurement of glucose levels in the home setting. It was the aim of this study to
assess the diurnal glucose profiles of healthy women in each trimester of the
pregnancy using the Continuous Glucose Monitoring System (CGMS).

Materials and methods

The Continnous Glucose Monitoring System

The Continuous Glucose Monitoring System (CGMY) is a device that measures
glucose levels in the extracellular fluid of the abdominal subcutaneous tissue and
stores measured values in a range of 2.2-22.2 mmol/l every five minutes during a 72
hour period. The CGMS consists of three components: a sterile disposable glucose
sensor, a glucose monitor and a connecting cable. The sensor consists of a thin, one
centimetre long flexible polyurethane tube that houses the glucose-sensing elec-
trode. The sensor measures interstitial glucose as an electrical potential created by
the reaction of glucose oxidase with glucose. The sensor signal is acquired every ten
seconds and an average of the acquired signals is saved in the monitor every five
minutes, providing 288 readings in 24 hours. Besides interstitial glucose levels, the
monitor can store event markers for meals, insulin injections and exercise.

The electrical readings acquired by the sensor are converted into glucose levels
(mmol/l) when the data are downloaded from the monitor to a personal computer.
"To calibrate the device, at least four fingerstick blood glucose levels have to be
entered into the monitor every 24 hours. The data from the CGMS are, according
to the MiniMed instructions, valid if three criteria for optimal accuracy are met: 1)
at least four paired sensor glucose / meter glucose readings per day, 2) correlation
coefficient between sensor glucose values and these four meter blood glucose
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readings =0.79, 3) average value of differences between sensor glucose values and
meter glucose values for a given day <28%.18

Patients and Methods

Twelve healthy non-diabetic pregnant women whose BMI was less than 25 kg/m?,
who had no family history of diabetes and who had a singleton pregnancy were
recruited for this study.!? All subjects gave written informed consent before enter-
ing the study.

Each woman was asked to use the CGMS three times during the pregnancy
(between 10 and 12 weeks, between 24 and 28 weeks and between 34 and 36 weeks
of gestation) and at least three months after delivery and after they had stopped
breastfeeding. They were asked to perform four fingerstick blood glucose measure-
ments daily during the use of the CGMS, preferably before each meal and at
bedtime. The blood glucose levels were used for calibration of the CGMS. The
women kept a diary of meals, physical activity and type of day (working or non-
working day).

Analysis

Glucose profiles measured with the CGMS were used only if the accuracy criteria
were met and if none of the 288 glucose measurements per 24-hours were missing.
To compare the diurnal profiles, the median glucose level for each hour of the day
per trimester of pregnancy was calculated. Repeated measurement analysis was
performed to test the difference in diurnal glucose profiles between the different
trimesters of pregnancy and the non-pregnant state (SPSS Release 12.0.1, SPSS
inc., Chicago, Illinois).

Of each measurement day the fasting glucose value was determined. The fasting
glucose was defined as the glucose value at time of rising in the morning. For each
meal the post-prandial peak glucose value and time to post-prandial peak was
determined. Median and interquartile ranges of the fasting glucose and the post-
prandial glucose values were calculated for each trimester of pregnancy and for the
non-pregnant measurement. Peak glucose values were compared between the
trimesters of the pregnancy and the non-pregnant state using the non-parametric
Kruskal-Wallis Test.

P<0.05 was considered statistically significant.

Results

Ten of the twelve women used the CGMS three times during pregnancy. Two
women were recruited after the first trimester and therefore used the CGMS only
twice during pregnancy. Eight of the twelve women used the CGMS after pregnancy.
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Median maternal age at the birth of the infant was 30.2+2.3 years (median =
interquartile range). Eight women were nulliparous and four women were in their
second pregnancy. One woman was delivered by caesarean section because of a
breech position of the foetus; the others had a spontaneous vaginal delivery. Median
gestational age at birth was 40.3£1.3 weeks and median birth weight was 3560478
grams. When birth weight was expressed as percentage of the population mean
corrected for gender and gestational age, median birth weight percentage was
103+10%. Eight infants were male and four were female. All infants were healthy at
and after birth.

In all women two 24-hour periods of CGMS recording of adequate quality could be
obtained at the different occasions. Analysis was therefore performed on the 48
hours of each CGMS measurement that best met the accuracy criteria.

The median diurnal glucose profiles are shown in Figure I and the median glucose
values are shown in Table 1 and Figure 2. Two diurnal glucose profiles are shown in
Figure 3. The most obvious changes during pregnancy were a lowering of nocturnal
and fasting glucose levels, with lowest values occurring in the third trimester. The
median fasting glucose value was 4.2 mmol/l in the non-pregnant state and 3.6, 3.4
and 3.3, respectively, in the three trimesters of pregnancy. During pregnancy fasting
glucose levels could be as low as 2.2 mmol/l. The differences were not statistically
significant, despite the observed trends. During the daytime there were no differ-
ences between the non-pregnant and pregnant state, apart from a higher post-
breakfast glucose peak during the second and third trimester. The third trimester
value was significantly higher than the values found during the other moments of
observation (p<0.001). The median post-prandial peak time did not change in
pregnancy (Zable 1).

6.0 -
3 55
€
E
E’
B 5.0 4
&
o
v
= 45—~ non pregnant
o — - trimester 1
trimester 2
— trimester 3
4.0

T
0 4 8 12 16 20 24
time in hours

Figure 1. Median diurnal glucose profiles (midnight to midnight) of healthy women
during and after pregnancy.
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Figure 3. Twenty-four hour glucose profile of two non-diabetic pregnant women in
the third trimester of pregnancy.
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Table 1. Mealtime glucose profiles during and after pregnancy in non-diabetic women

Variable Measure Significance

non- first second third p
pregnant  trimester  trimester  trimester

Subjects (n) 8 10 12 12

Gestational age (weeks) - 114+2.0 252=19 350=x1.4
Analyzed meals (n) 48 54 72 66

Median glucose level over 24 49+03 49:05 50+05 49x06 0967
hours (mmol/l)* (4.6-53)  (3.8-5.5) (3.8-5.9) (3.4-5.6)

Fasting glucose level 4206 3.6+12 34x13 33=£15 0.138
(mmol/)* (3344 (2248 (22-52) (22-5.0)
Post-breakfast peak glucose 5908 59x14 6710 74+1.7F 0.000
value (mmol/l)* (4.8-73) (4.8-74)  (5.0-83) (5.9-9.2)
Post-breakfast peak time (min)t 59 = 23 64 +20 56«22 62 =24 0.394
Post-lunch peak glucose 57«11 62+x14 6513 6.6+1.2 0.168
value (mmol/l)* (5.2-7.0)  (5.2-8.0) (5.3-8.0) (5.3-8.4)
Post-lunch peak time (min)t 67 =16 63 +24 67 +24 75 +29 0.746
Post-supper peak glucose 58+1.0 6.6=+1.1 64+14 68=x1.2 0.139
value (mmol/I)* (5.2-7.6)  (5.1-7.9)  (5.2-79)  (5.6-8.4)

Post-supper peak time (min)t 75 £32 72 £27 80 + 29 72 £24 0.687

* median * interquartile range (range)
t median * interquartile range

1 significant with p<0.001, Kruskal-Wallis Test.

Discussion

This is the first study in which glucose profiles were measured continuously in the
home setting in non-diabetic women during each trimester of pregnancy and in the
non-pregnant state. Nocturnal and fasting glucose levels decreased during preg-
nancy and regularly fell below the accepted lower limit of normoglycaemia (3.9
mmol/1,%%). Post-breakfast glucose values increased in the course of pregnancy and
regularly exceeded the upper level of normoglycaemia (7.8 mmol/1,?!). Most of the
observed changes were not statistically significant, which may be due to the limited
power of the study. It was difficult to recruit healthy subjects for this study.

In pregnant women with type 1 diabetes mellitus we have validated the CGMS with
fingerstick blood glucose measurements and found a good correlation (r=0.94,
p<0.001).?? The glucose values given by the CGMS are calculated in retrospect
using a regression analysis of blood glucose values with corresponding CGMS
sensor readings.!® The regression coefficient calculated in the calibration is strongly
influenced by variations in the blood glucose values and becomes more accurate
when the range of these values rises. Pregnancies of women with type 1 diabetes are
complicated by large within-day glucose variability.?? It is possible that the CGMS
is less accurate in a non-diabetic population since glucose variability is generally
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lower in these subjects. In case the absolute glucose values obtained with the
CGMS may not be considered completely accurate, than the trends observed
during pregnancy may still be considered the most important finding of our study.
In healthy pregnant women, the first trimester of pregnancy is associated with an
increase in insulin release by the -cells of the pancreas while insulin sensitivity
(peripheral and hepatic) is unchanged. This may lead to a slight improvement in
glucose tolerance.!>13 In the second trimester of pregnancy, glucose stimulated
insulin release increases further while peripheral insulin sensitivity begins to
decline.!?13 The third trimester of pregnancy is characterised by a 50% decrease in
peripheral insulin sensitivity while there is a 3 to 3.5 fold increase in glucose
mediated insulin response compared to the first trimester.!%1213 This leads to a
decrease in glucose tolerance in late normal pregnancy. The increased maternal
post-prandial glucose levels as found in this trimester are thought to be needed to
compensate for the increasing glucose needs of the growing fetus.!1?* Our study
indeed showed a significant rise in post-prandial peak glucose values after breakfast
throughout pregnancy. This pattern, however, was less clear after lunch and supper.
In patients with diabetes there is an early morning decrease in glucose tolerance,
the so-called ‘dawn phenomenon’. This can be attributed to a sleep associated fall
in hepatic glucose output (often leading to nocturnal hypoglycaemia) with a return
to basal production rates on arousal combined with an increase in insulin resistance
due to the physiological morning cortisol rise.?*?¢ It is likely that during pregnancy
in healthy women, the decrease in insulin sensitivity associated with normal preg-
nancy combined with the increase in insulin resistance induced by elevated early
morning cortisol levels, leads to a dawn phenomenon-like effect as seen in diabetic
patients. This would explain why the rise in post-prandial peak glucose values is
greater after breakfast than after lunch and supper. The observed rise in post-
prandial peak glucose values is obscured in the graph of the diurnal glucose profiles
(Figure I) because meals were not taken at standardised moments.

We found nocturnal and fasting glucose levels to decrease during pregnancy. This
finding is in accordance with two previous studies in which lower fasting glucose
levels in the second and third trimester of pregnancy were found.!’»?” This decrease
is probably due to the fact that late pregnancy can be considered a catabolic condi-
tion.”® Under this condition, liver glycogen stores are depleted and therefore
gluconeogenesis is enhanced.?? This, combined with an increased utilization of
glucose, leads to hypoglycaemia, which is especially manifest after a period of
fasting (nighttime).3%3! During daytime such a decrease in glucose levels can be
avoided by the frequent intake of food (Figure 3).

Our findings may be of help in establishing the aim of treatment strategies in
pregnant women with diabetes mellitus and in diagnosing gestational diabetes.
Incidental fall of glucose values below the lower limit of normoglycaemia, especially
during the night, and values that exceed the upper limit of normoglycaemia,
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especially after breakfast in the third trimester of pregnancy, appear to be a normal
phenomenon in healthy women.
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Abstract

Objective To observe glycaemic excursions, measured continuously over 24
hours, in relation to HbA, -levels in the first trimester of pregnancy of
women with type 1 diabetes mellitus.

Methods The MiniMed Continuous Glucose Monitoring System (CGMS)
was used to obtain glucose values every five minutes during 24 hours.

HbA, -level was determined at the end of the continuous glucose recording
and six to 12 weeks after the continuous glucose recording.

Results Continuous glucose recordings were obtained in 13 women be-
tween seven and 15 weeks of gestation. Nine patients had HbA, -levels
<7.0% (<1% above the upper limit of normal range, ADA) while up to
41.3% of the readings had values <3.9 mmol/I (70 mg/dl) and up to 52.8%
of the readings had values =7.8 mmol/l (140 mg/dl).

Conclusions HbA, -level does not reflect the complexities of glycaemic

control in women with type 1 diabetes who are considered having accom-
plished tight glycaemic control in the first trimester of pregnancy.
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Introduction

Opver the last decades perinatal morbidity and mortality in pregnancies complicated
by maternal type 1 diabetes mellitus have decreased significantly. However, a
considerable risk of complications remains.! The American Diabetes Association
states that in pregnancy tight glycaemic control is accomplished when HbA, -level
is within 1% above the upper limit of the normal range (4.0-6.0%). It is assumed
that HbA, -levels <7.0% are associated with rates of congenital malformations and
macrosomia no greater than those in non-diabetic pregnancy.? However, several
studies have shown that complications such as congenital malformations and fetal
macrosomia still occur at a considerable higher frequency than in a healthy popula-
tion also if HbA, -level is only slightly increased (6.0-7.0%).3-6 This suggests that
either HbA, -level does not sufficiently reflect the complexities of glycaemic
control or that current criteria for strict glycaemic control are not ‘safe’.
Conventional fingerstick self-measurements of glucose levels provide only snapshot
images and symptomless or symptom-poor hyperglycaemia and hypoglycaemia at
other time-points are missed. These silent abnormal glucose levels can be instru-
mental in causing fetal complications. Kyne-Grzebalski e 4l.” reported that the
frequency of hyperglycaemia is underestimated in pregnant women who seem to be
well controlled using home self-monitoring records and HbA, -levels.

Novel methods of continuous glucose measurement will help to improve insight in
glycaemic control in diabetic pregnancy. The MiniMed Continuous Glucose
Monitoring System (CGMS) is the latest advance in glucose monitoring and has
revealed unexpected nocturnal hypoglycaemic episodes and marked increases in
post-prandial glucose levels in non-pregnant diabetic patients with low HbA, -
levels.3-11

The objective of this study was to use the CGMS to observe glycaemic excursions
in women with type 1 diabetes mellitus in the first trimester of pregnancy.

Methods

Between November 2001 and November 2002, all 13 women with type 1 diabetes
mellitus who visited our out-patient clinic and who were in the first trimester of
their pregnancy were asked to participate in this study. Patients were asked to make
a 72-hour continuous glucose recording using the CGMS. All recordings were
made on regular weekdays and patients continued their normal daily activities. In
all patients the CGMS was placed in the abdominal skin. While using the CGMS
patients were asked to enter blood glucose values obtained through fingerstick
measurements four times a day. These values were used for calibration sensitivity
checks of the CGMS. HbA, -level was determined at the end of the continuous
glucose recording and six to 12 weeks after the continuous glucose recording.
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The CGMS measures glucose levels in the extracellular fluid of the subcutaneous
tissue. Clinical studies have shown that subcutaneous glucose measurements
generally follow venous blood values and fingerstick glucose values.!?-16 The
CGMS stores values within a range of 2.2-22.2 mmol/l (40-400mg/dl) every five
minutes providing 288 readings in 24 hours.

The data from the CGMS are, according to the MiniMed instructions, valid if
three criteria for optimal accuracy are met: 1) at least four paired sensor glucose /
meter glucose readings per day. 2) correlation coefficient between sensor glucose
values and meter blood glucose readings =0.79. 3) average value of differences
between sensor glucose values and meter glucose values for a given day <28%.

Results

Continuous glucose recordings were obtained in 13 women. Their mean age was 32
years (range 22-38) and mean duration of diabetes 14 years (range 2-23). One
patient had a background retinopathy. Nine patients were treated with subcutane-
ous insulin infusion. Mean gestational age on the first day of the continuous glucose
recording was 11 weeks (range 7-15). Mean HbA -level measured at the end of the
continuous glucose recording was 7.2% (range 5.3-9.9%). Mean HbA, -level six
to12 weeks after the continuous glucose measurement was 6.7% (range 5.4-7.8%).
All 13 patients had CGMS data of at least 24 successive hours that met the accuracy
criteria and were therefore fit for analysis. Of the continuous glucose recordings
that were longer than 24 hours, the readings of 24 successive hours that best met
the accuracy criteria were used for this study. The recordings of the nine patients
who had HbA, -levels <7.0% six to 12 weeks after the glucose recording are shown
in Figure 1, and are ordered according to HbA, -level (patient 1 has the lowest
HbA, , patient 9 has the highest HbA, -level).

Between 0 and 41.3% of the readings had glucose values <3.9 mmol/l (70 mg/dl)
and between 0 and 52.8% of the readings had glucose values =7.8 mmol/l (140 mg/
dl). Neither the percentage of readings <3.9 mmol/l (=0.18, NS) nor that =7.8
mmol/l (=0.02, NS) were significantly related to the HbA, -level obtained six to 12
weeks after the glucose recording, Figure 2. The correlation coefficient between
HbA, -level and median glucose value was -0.018 (NS). Correlation of readings
<3.9 mmol/l, percentage of readings =7.8 mmol/l and median glucose value with
HbA, -level obtained at the time of the continuous glucose recording, showed
similar non-significant values (-0.20, 0.065 and 0.066, respectively).

Nine of the 13 patients had HbA, -levels <7.0% (measured six to 12 weeks after
the glucose recording). Of these patients only patient 1 had accomplished strict
glycaemic control according to the continuous glucose measurement (mean 4.2, SD
0.2, range 3.6-4.9 mmol/l), fingerstick blood glucose measurements (mean 3.9, SD
0.6, range 3.3-4.8 mmol/l) and HbA, _ (5.4%). She did not have any hyperglycaemic
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episodes during the continuous glucose recording but 17.4% of the readings
showed values <3.9 mmol/l. In patients 2 to 9 HbA, ranged from 6.0% to 7.0%,
percentage of readings <3.9 mmol/l ranged from 0 to 36.1% and percentage of
readings =7.8 mmol/l ranged from 17.0 to 61.1%. Visual inspection of the glucose
excursions of these women shows that glucose control was far from perfect.

20.0-] patient 1, HbA1c 5.4%

o fingerstick measured
blood glucose levels 10.04
emeal  [TTTTTTOTTTTTTmTTTmmmmmmmmmEEETT

0.0

20.0-] patient 2, HbA1c 6.3%

glucose concentration (mmol/l)

20.0
10.0
0.0
o o L] L] L] L] L]
T T T T T | T T IR U
4 8 12 16 20 24 4 8 12 16 20 24
time in hours time in hours

Figure 1. Twenty-four hour glucose excursion and HbA, . measured 6-12 weeks after
continuous glucose registration.
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Figure 2. Relationship between HbA, -level and a) percentage of readings <3.9
mmol/l and b) percentage of readings >7.8 mmol/l of patients with HbA, -
level =7.0% (®) and patients with HbA, -level >7.0% (o).

Discussion

This study demonstrates that HbA, -level does not reflect the complexities of
glycaemic control in women with type 1 diabetes who are considered having
accomplished tight glycaemic control in the first trimester of pregnancy. These
data indicate that tight glycaemic control may only be accomplished when HbA,
-level is < 6.0% and that there is considerable glucose variability in the HbA,
range of 6.0-7.0% (=1% above the upper limit of normal range), the latter still
considered to be part of the ‘safe’ range. We did not find a straightforward
relation between HbA,  -level and percentage of hypoglycaemic or hyperglycae-
mic readings. This may be explained by the fact that only one 24-hour recording
was compared to a measure of long term diabetic control (HbA, -level). Kyne-
Grzebalski et al.” demonstrated a positive relation between HbA, -level and
percentage of glucose measurements out of range (both hyperglycaemia and
hypoglycaemia) in a study in which glucose measurements were taken over a long
period (>16 weeks) in pregnancy. These data may, on the other hand, be biased
since glucose measurements were not standardised over the day.

Our data indicate that the target and ‘safe’ HbA, -range during the first trimester
of pregnancy should be <6.0%. However, the price to pay for tight glycaemic
control is severe (nocturnal) hypoglycaemia. The correlation between HbA, -
level and frequency of clinically detected hypoglycaemia has been shown in
several studies.!”!8 Hypoglycaemia during the first trimester of pregnancy is seen
with a prevalence of 37-41%.1%20 Patient 9 illustrates an asymptomatic long-
lasting nocturnal hypoglycaemia and the effect on subsequent glucose excursion.
As the CGMS does not record glucose levels <2.2 mmol/l it is not possible to
determine the exact biochemical severity of the hypoglycaemia. Apart from the
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possible effects on the mother, hypoglycaemia and subsequent hyperglycaemia
contributes to glucose variability and to embryopathic risk. At the same time a
direct teratogenic effect of hypoglycaemia cannot be excluded.?!

In conclusion, this study shows that HbA, -values in the range currently considered
to be safe with regard to pregnancy outcome does not sufficiently reflect the
complexities of glycaemic control. Further research is needed to evaluate whether
the recommended target HbA, -level during pregnancy should be lowered to 6.0%
or whether HbA, -level is not an accurate tool for the monitoring of glucose
regulation of type 1 diabetes in women during the first trimester of pregnancy and
should therefore be dismissed.
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Abstract

Objective Pregnancies of women with type 1 diabetes mellitus are associ-
ated with increased rates of maternal and perinatal complications. These
complication rates remain elevated despite the achievement of the treatment
goals as described in the widely used guidelines of the American Diabetes
Association (i.e. HbA, -level £7.0%). The aim of this study was to evaluate
the accuracy of the limits of HbA, -levels currently used in these guidelines
in relation to glycaemic control in pregnant women with type 1 diabetes.
Secondly, the number of self-monitored blood glucose levels (SMBG) that
have to be obtained daily to give an accurate idea of glucose levels in these
women was assessed.

Methods Forty-three pregnant women with diabetes were asked to use the
Continuous Glucose Monitoring System (CGMS) once in each trimester of
pregnancy. Glucose levels measured with the CGMS were compared
between patients with HbA, -levels 4.0-6.0%, 6.0-7.0% and >7.0%. Glucose
levels measured with SMBG and the CGMS were compared between
patients with 4-5, 6-9 and =210 SMBG daily.

Results In patients with HbA, -levels <6.0% the glucose levels were
significantly better than in patients with HbA, -levels >6.0%. Glucose
measures in women with HbA, -levels 6.0-7.0% and >7.0% did not differ.
The detection rate of hyper- and hypoglycaemic episodes was significantly
higher in patients with =10 SMBG compared to patients with <10 SMBG
daily.

Conclusion Treatment of diabetes in pregnant women should be aimed at

achieving HbA, -levels within the normal range. A minimum of ten SMBG
is necessary to adequately obtain an image of all daily glucose fluctuations.
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Introduction

Pregnancy in women with type 1 diabetes mellitus is associated with an increased
incidence of perinatal and maternal complications.! It is generally assumed that
complication rates decrease when glycaemic control during pregnancy is tight-
ened.”” The guidelines of the American Diabetes Association (ADA) state that in
pregnancy HbA, -levels within 1% above the upper limit of normal range are
desirable.!? It is assumed that these HbA, -levels are associated with rates of
congenital malformations and spontaneous abortions equal to those in healthy
women.!? However, several studies have shown that in patients with these ‘accept-
able’ HbA, -levels, complication rates remain higher than in patients with normal
HbA, -levels.!1!2 The most obvious explanation for this finding is that in patients
with HbA, -levels within 1% above normal, glucose levels are not within an
acceptable range.

Currently, self-monitoring of blood glucose levels (SMBG) is the established and
easiest way of observation of daily glucose levels in patients with diabetes. It is
critical for the maintenance of diabetic control 13716 and is a safe and effective way
of managing diabetes.!” The frequency and timing of SMBG should be dictated by
the particular needs and goals of the patients. During pregnancy SMBG is recom-
mended at least three times per day in women with type 1 diabetes mellitus.'8
SMBG, however, has its limitations. In infants with diabetes it has been found that
nocturnal hypoglycaemia and postprandial hyperglycaemia remain undetected
when they are monitored routinely three to five times a day.!” In non-pregnant
adults true diurnal variability in glucose levels is too large to be accurately reflected
by seven measurements a day.’’ With the increased complication rates in pregnan-
cies of women with type 1 diabetes, accurate reflection of glucose levels is impor-
tant.

A useful device for the measurement of glucose levels is the Continuous Glucose
Monitoring System (CGMS). It is a portable device that measures glucose levels
every five minutes uninterrupted for 72 hours. With this device ambulatory con-
tinuous glucose monitoring is possible while patients maintain their usual daily
activities.

The aim of this study was to evaluate the accuracy of the limits of HbA, -levels
during pregnancy currently used in international guidelines in relation to glycaemic
control determined with the CGMS. Secondly, the number of SMBG that have to
be obtained daily to give an accurate idea of glucose levels in pregnant women with
type 1 diabetes mellitus was assessed.
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Materials and methods

The Continnous Glucose Monitoring System

The Continuous Glucose Monitoring System (CGMS) measures glucose levels in
the extracellular fluid of the abdominal subcutaneous tissue through electrochemi-
cal reaction of the glucose with glucose oxidase. The CGMS stores values within a
range of 2.2-22.2 mmol/] (40-400mg/dl) every five minutes providing 288 readings
in 24 hours. The CGMS does not display glucose values and the data saved in the
monitor are downloaded and printed after removing the sensor. Patients need to
enter data from at least four fingerstick glucose measurements each day for calibra-
tion of the system.

The data of the CGMS are considered valid if three criteria for optimal accuracy
are met: 1) at least four paired sensor glucose / meter glucose readings per day; 2)
correlation coefficient between sensor glucose values and meter blood glucose
readings =0.79; 3) average value of differences between sensor glucose values and
meter glucose values for a given day <28%.2! It has been shown that the CGMS is
an accurate tool for glucose monitoring in pregnant women with type 1 diabetes.??
In the present study glucose profiles measured with the CGMS were used only if
the accuracy criteria were met and if none of the 288 glucose measurements per 24
hours were missing.

Methods

From December 2001 through June 2004 forty-three pregnant women with type 1
diabetes mellitus were recruited from the obstetrical out-patient clinic of the
University Medical Centre, Utrecht, The Netherlands. All patients gave written
informed consent and participated in the study. The patients were asked to use the
CGMS once in each trimester of the pregnancy.

HbA, -levels were determined within one week after each continuous glucose
measurement. In 55% of the patients, HbA, -levels were also obtained six to eight
weeks after the CGMS measurement. Comparison of the two HbA, -levels showed
a correlation coefficient of 0.83 (p<0.001). A paired T-test showed that HbA, -
levels obtained one week or six to eight weeks after the CGMS measurement were
not significantly different (p>0.1). HbA, -levels determined within one week after
the CGMS measurement were therefore found fit to use in the present study.

The patients were asked to maintain their regular SMBG schedule on the days the
CGMS was used with a minimum of four SMBG per day that were used for the
calibration of the CGMS. All SMBG were performed through fingerstick measure-
ment and determined with the MediSense Precision Xtra glucose meter (Abbott,
Bedford, MA 01730, USA).
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Analysis

Glucose levels measured with the CGMS were expressed as mean and range per 24
hours. Hyperglycaemia was defined as glucose level =7.8 mmol/l and hypoglycae-
mia was defined as glucose level <3.9 mmol/1.23>* The number of hyper- and
hypoglycaemic episodes per 24 hours measured with the CGMS were counted.
Glucose variability of the glucose levels measured with the CGMS was expressed as
coefficient of variance (CV=100 x SD/mean) and Mean Amplitude of Glycaemic
Excursions (MAGE) over 24 hours. The MAGE is calculated by taking the arith-
metic mean of the glucose increases or decreases when both ascending and descend-
ing segments exceed the value of one standard deviation of the mean glucose over a
24-hour period.??

Mean glucose level, glucose range, number of hyper- and hypoglycaemic episodes,
MAGE and CV of the CGMS glucose levels were compared between patients with
a normal HbA, -level (£6.0%, Group A), those with HbA, -levels within 1% above
normal range (6.0-7.0%, Group B) and those with ‘not optimal’ HbA, -levels
(>7.0%, Group C) using one-way ANOVA and post-hoc Bonferroni.

The measurement days were categorized in three groups: 1) four to five SMBG
daily; 2) six to nine SMBG daily; 3) ten or more SMBG daily. For each measure-
ment day, the difference in mean glucose level and the difference in glucose range
between SMBG and CGMS measurements and the hyper- and hypoglycaemia
detection rate were calculated. The differences in mean glucose level and glucose
range and the hyper- and hypoglycaemia detection rates were compared between
the three groups using one-way ANOVA and post-hoc Bonferroni. For evaluation
p<0.05 was considered significant.

Results

There were no adverse events associated with the use of the CGMS. A total of 212
measurement days were obtained of which 185 days (87%) fulfilled the predefined
requirements for analysis. There were 68 measurement days in the first, 59 in the
second and 58 in the third trimester of pregnancy. HbA, -levels ranged from 5.1 to
9.1%. HbA, -level was <6.0% in 58 (31%), 6.0-7.0% in 104 (56%) and >7.0% in
23 (12%) of the measurement days.

The relationship between HbA, -levels and CGMS glucose values is shown in Tizble 1
and Table 2. In patients with HbA, -levels <6.0% all but one of the glucose mea-
sures were significantly better than in patients with HbA, -levels of 6.0-7.0% or
>7.0%. Only the number of hypoglycaemic episodes was significantly higher.
Glucose measures in women with HbA, -levels 6.0-7.0% and >7.0% did not diftfer,
apart from mean glucose and glucose range.

There were 92 measurement days during which blood glucose values were deter-
mined 4-5 times (Group 1). There were 70 measurement days on which blood

[ 71]



Chapter 6

Table 1. Mean of mean glucose level, glucose range, number of hyper- and
hypoglycaemic episodes, MAGE and CV per 24 hours of CGMS glucose levels in
patients with HbA, -levels 4.0-6.0%. 6.0-7.0% and >7.0%.

HbA, -level
4.0-6.0% 6.0-7.0% >7.0%
Mean glucose level (mmol/l) 5.6 7.0 7.8
Glucose range (mmol/l) 6.7 9.6 11.6
Hyperglycaemic episodes (n) 2.1 3.4 3.9
Hypoglycaemic episodes (n) 3.2 23 2.0
MAGE (mmol/l) 3.1 4.6 5.7
Coefficient of variance (%) 27 34 39

Table 2. Significance levels of comparison of mean glucose level, glucose range,
number of hyper- and hypoglycaemic episodes, MAGE and CV per 24 hours of
CGMS glucose levels between patients with HbA, -level 4.0-6.0%. 6.0-7.0% and
>7.0%.

Group A versus Group A versus Group B versus
Group B Group C Group C
Mean glucose level 0.000* 0.000* 0.032*
Glucose range 0.000* 0.000* 0.029*
Hyperglycaemic episodes ~ 0.000* 0.000* 0.691
Hypoglycaemic episodes 0.009* 0.031* 1.000
MAGE 0.000* 0.000* 0.065
Coefficient of Variance 0.001* 0.001* 0.420

Group A: HbA | 4.0-6.0%; Group B: HbA, . 6.0-7.0%; Group C: HbA, >7.0%

glucose values were determined 6-9 times (Group 2) and there were 23 measure-
ment days on which blood glucose values were determined =10 times (Group 3).
Mean HbA, _-levels did not differ significantly between the groups (6.5%, 6.3%
and 6.2%, respectively). A comparison between mean glucose level, glucose range
and number of hyper- and hypoglycaemic episodes measured with SMBG and the
CGMS given in Table 3. Hyperglycaemia detection rate increased significantly with
an increase of number of SMBG (1able 4). Hypoglycaemia detection rate was
significantly higher in Group 3 as compared to Group 1 and Group 2 (7able 4). The
mean glucose levels did not differ between SMBG groups.
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Table 4. Significance levels of comparison of difference in mean glucose level and
glucose range and hyper- and hypoglycaemia detection rate per 24 hours between
patients with 4-5, 6-9 and =10 SMBG.

Group 1 versus Group 1 versus Group 2 versus
Group 2 Group 3 Group 3
Difference in mean glucose level  0.791 1.000 0.925
Difference in glucose range 0.000* 0.000* 1.000
Hyperglycaemia detection rate 0.002* 0.000* 0.015%
Hypoglycaemia detection rate 0.688 0.001* 0.021*
Group 1: 4-5 SMBG; Group 2: 6-9 SMBG; Group 3: =10 SMBG
* significant with p<0.05
Discussion

This study shows there is a significant difference in glycaemic control between
patients with HbA, -levels within the normal range (<6.0%) and patients with
HbA, -levels above the normal range (>6.0%). No difference in glycaemic control
is seen between patients with ‘acceptable’ HbA, -levels (6.0-7.0%) and those with
‘not optimal” HbA, -levels (>7.0%). These results conflict with the widely used
guidelines of the ADA stating that in pregnancy HbA, -levels within 1% above the
upper limit of normal range are acceptable when treatment is aimed at achieving
pregnancy outcomes comparable to those in the healthy population.!? Although our
data are purely biochemical and the relationship with pregnancy outcome was not
assessed, the persisting high rates of complications that are seen in women with
type 1 diabetes and HbA, -levels 6.0-7.0% 11226 may be explained by our findings.
It is generally assumed that hyperglycaemia during the first trimester is the cause of
congenital malformations 1?7 while hyperglycaemia in the second and third
trimester of pregnancy leads to macrosomia, neonatal hypoglycaemia or sudden
intra-uterine death of the fetus.?®? Macrosomia is associated to complications at
delivery such as shoulder dystocia or caesarean section.’%*! Neonatal hypoglycae-
mia may cause behavioural and intellectual development problems in later life.332
This enumeration of complications caused by hyperglycaemia emphasises the
importance of the diagnosis, treatment and prevention of hyperglycaemic episodes.
"This study shows that hyperglycaemia detection rate increases (up to 100%) when
patients measure themselves ten or more times daily.

Normalization of blood glucose levels in pregnant women with diabetes is associ-
ated with an increased risk of hypoglycaemic episodes.>3 This finding is confirmed
in the present study as the number of hypoglycaemic episodes is increased when
HbA, -levels are <6.0%. In women with type 1 diabetes, pregnancy per se is
associated with an increased incidence of hypoglycaemic episodes, mainly in the
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first trimester.>*36 As hypoglycaemia can lead to loss of consciousness and even
death, detection and treatment of hypoglycaemia is of great importance. Frequent
SMBG improves the detection rate of hypoglycaemia when performed ten or more
times daily. Detection rate, however, did not exceed 73 %. It is unlikely that bio-
chemical detection of hypoglycaemic episodes will ever be 100% as these often
occur in the night and early morning hours when patients are sleeping.’’7 It is also
conceivable that in case of symptomatic hypoglycaemia, patients will treat the
hypoglycaemia before measuring their blood glucose level.

In summary, on the basis of these data the treatment of type 1 diabetes in pregnant
women should be aimed at achieving HbA, -levels within the normal range. The
price to pay for the improvement of HbA, -levels is an increase in the incidence of
hypoglycaemic episodes. This is an important obstacle in the treatment of diabetes
in pregnant women. Treatment should therefore be individualized and be aimed at
finding a balance between glycaemic control and hypoglycaemia risk. In order to
obtain an accurate impression of glucose profiles, patients should monitor them-
selves at least ten times per day, which may be difficult to achieve in clinical practise.
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Abstract

Objective To observe day-to-day variability in glucose levels in pregnant
women with type 1 diabetes using the continuous glucose monitoring system
(CGMS) and to assess the usefulness of continuous glucose measurements
for adjustment of insulin treatment.

Methods Thirty-one pregnant women with type 1 diabetes used the CGMS
for two consecutive days. Patients were classified in two groups (high versus
low day-to-day variability) based on visual inspection of the glucose excur-
sions. Mean absolute difference (MAD) was calculated for each patient as
measure of day-to-day variability. The relationship between MAD and the
variables HbA, , maternal age and BMI, duration of diabetes, number of
self-monitored blood glucose levels, number of insulin injections, gestational
age, nutrition, physical activity, White-classification, living with children and
method of insulin administration was determined. The two days of the first
twenty CGMS measurements were separated and four physicians were asked
to give recommendations on treatment adjustment for each separate day.

Results Seventeen patients (55%) were classified as having low (MAD 0.92-
2.33 mmol/l) and 14 (45%) as having high day-to-day variability (MAD
2.41-6.12 mmol/l). Of the variables measured, only the relation between
MAD and HbA,  was significant (=0.58, p=0.001). The difference in
recommendation on treatment adjustment between the days of the CGMS
measurement ranged from 29-48%. This percentage was significantly higher
in the high day-to-day variability group (48 vs. 33%, p=0.01).

Conclusion Day-to-day glucose variability is high and a problem in the

treatment of pregnant women with type 1 diabetes. Fine-tuning of insulin
regimens based on two-day measurements with the CGMS is not advisable.
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Introduction

In pregnant women with type 1 diabetes mellitus, glycaemic control is generally
considered tight enough when the HbA, -level is below 7.0% (1% above the upper
limit of normal range which is 4.0-6.0 %).! However, using the MiniMed
Continuous Glucose Monitoring System (CGMS, MiniMed, Sylmar, CA 91342,
USA), we have recently shown that there is a considerable within-day glucose
variability in pregnant women with HbA, -levels in the ‘safe’ range (between 6.0
and 7.0%).?> These women have transient, often unnoticed, periods of hyperglycae-
mia, which may explain the high incidence of fetal macrosomia and congenital
malformations still observed in pregnancies of diabetic women with ‘safe’ HbA, -
values.>* The CGMS is a system that continuously measures glucose levels in the
subcutaneous interstitial fluid of the abdomen and that works up to 72 hours.
Several studies have shown that interstitial fluid glucose levels generally follow
venous blood glucose levels and fingerstick measured capillary glucose levels.’
The current intention for use of the CGMS is occasional and additional to standard
invasive glucose measurement. Yogev et al.” published a paper suggesting that
during pregnancy intermittent application of the CGMS can be used to fine-tune
insulin regimens. However, such an adjustment seems only feasible if day-to-day
variability is limited and could even be harmful when day-to-day variability is large.
Potential reasons for day-to-day variability include variation in daily activities such
as changes in diet, exercise and emotional state.!?

It was the objective of this study to observe the extent of day-to-day variability in
glucose levels in pregnant women with type 1 diabetes mellitus using the CGMS
and to look for possible factors associated with day-to-day glucose variation.
Furthermore, this study was aimed at assessing the usefulness of continuous glucose
measurements with the CGMS for adjustment of insulin treatment during preg-
nancy.

Materials and methods

Patients

Thirty-one pregnant women with type 1 diabetes mellitus were recruited from the
obstetric outpatient clinic of the University Medical Center Utrecht, The
Netherlands. Only women with singleton pregnancies were asked to participate.
The Ethical Committee of the University Medical Center Utrecht, The
Netherlands, approved the study. Participants gave written informed consent.

The Continnous Glucose Monitoring System
Patients were asked to wear a Continuous Glucose Monitoring System (CGMS) for
three successive regular weekdays. The CGMS measures glucose levels in the
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extracellular fluid of the abdominal subcutaneous tissue every ten seconds through
electrochemical reaction of the glucose with glucose oxidase. The CGMS stores
values within a range of 2.2-22.2 mmol/l (40-400mg/dl) every five minutes provid-
ing 288 readings in 24 hours. The CGMS does not display glucose values and the
data saved in the monitor are downloaded and printed after removing the sensor.
Patients need to enter data from at least four fingerstick glucose measurements each
day for calibration of the system.

The data from the CGMS are considered valid if three criteria for optimal accuracy
are met: 1) at least four paired sensor glucose / meter glucose readings per day.

2) correlation coefficient between sensor glucose values and meter blood glucose
readings =0.79. 3) average value of differences between sensor glucose values and
meter glucose values for a given day <28%.!!

In this study glucose profiles measured with the CGMS were used only if the
accuracy criteria were met and if none of the 288 glucose measurements per 24-
hours were missing. The first 48 hours of each measurement that fit these criteria
were used for analyses.

Day-to-day and within-day variability

Moberg et al.1? described the mean absolute difference (MAD) as estimation of the
difference in glucose excursions between consecutive days. The MAD is calculated
by adding the absolute differences of all blood glucose values and dividing them by
the number of values minus one.!? Of each patient MAD was calculated as measure
for day-to-day variability.

However, no criteria for the classification of day-to-day variability into high or low
have been described. We therefore classified patients into high and low day-to-day
variability based on visual inspection of the continuous glucose measurements and
related this classification to the actual MAD values. Six physicians were given a
print-out with the two days of the continuous glucose measurement of each patient
projected over each other and were asked to classify them in one of two groups on
basis of visual inspection: a group whose glucose excursion of day 1 resembles that
of day 2 (Group I), and a group whose glucose excursion of day 1 did not resemble
the glucose excursion of day 2 (Group II). The physicians were unaware of the
identity and MAD of the patient, HbA, -level, type and dose of insulin treatment
and the duration of pregnancy.

Within-day glucose variability was expressed as coefficient of variance (CV=100 x
SD/mean). The CV of each measurement day of each patient was calculated. CV is
expressed as mean over the two days (CV, . ) and as difference between day 1 and
day 2 (CV gifrerence)- The relationship between MAD and CV . and CV g0 o
was analysed using the Pearson correlation coefficient.

ean
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Variables
Information on variables possibly associated with day-to-day glucose variatiability
was obtained either from the patients’ medical record or from a diary each patient
kept of the days the CGMS was used.
HbA,, -level.
HbA, -levels were measured within one week after the continuous glucose mea-
surement. Normal range is 4.0 to 6.0%.
Maternal age.
Age in years on the first day of the continuous glucose measurement.
Duration of diabetes.
Number of years since onset of the diabetes on the first day of the continuous
glucose measurement.
Prepregnancy maternal body mass index (BMI).
BMI (kg/m?) calculated from the patients height and weight measured before
pregnancy.
Gestational age.
Gestational age in weeks on the first day of the continuous glucose measurement.
Gestational age was either determined by sonographic measurement of the crown-
rump-length (CRL) or calculation from the first day of the last menstruation (in
women with a regular menstrual cycle).
White- classification.
Diabetes was classified according to the White-classification, which is based on age
of onset of diabetes, duration of diabetes and the presence of complications such as
nephropathy and retinopathy.!? This classification includes the following catego-
ries:
White B, onset of diabetes =20 years of age or duration of diabetes <10
years;
White C, onset of diabetes at 10-19 years of age or duration of diabetes 10-19
years;
White D, onset of diabetes <10 years of age or duration of diabetes =20 years
and/or presence of benign retinopathy;
White E, presence of nephropathy;
White R presence of proliferative retinopathy.
meg with children.
Being a parent influences life-style and therefore patients were categorised as
having or not having children living with them.
Method of insulin administration.
Expressed as Continuous Subcutaneous Insulin Injections (CSII) or multiple
injection schedule (MIS).
Self-monitored blood glucose measurements.
Number of fingerstick blood glucose measurements per day expressed as mean over
the two days (BG,,.,,) and as difference between day 1 and day 2 (BG g .ence)-

mean-

[ 83]



Chapter 7

Insulin injections.
Number of insulin injections (MIS) or extra insulin boluses (CSII) per day ex-
pressed as mean over the two days (Ins_ ) and as difference between day 1 and

day 2 (Insdiffcrence)'

Type of day.

All measurements were made on weekdays. As daily routine and amount of stress
are often different on a day at work versus a non-working day and most patients
work part-time, the following classification was made: both days at work/ both not
at work versus one day at work and one day not at work.

Physical activity.

Number of hours the patient had physical activity on the days of the continuous
glucose measurement.

Nutrition.

Difference between number of calories ingested on day 1 and number of calories
ingested on day 2.

mean

Statistics

The relationship between MAD and continuous distributed variables was analysed
using the Pearson correlation coefficient. Difference in mean MAD between the
groups of nominal distributed variables was analysed using the independent samples
T-test. Difference in mean MAD between the different categories of the White
classification was analysed using the Kruskal-Wallis H test. P-values <0.05 were
considered significant.

Treatment

The 48-hour continuous glucose measurements of the first twenty patients were
split into two separate days giving forty 24-hour glucose profiles. Four physicians
were asked to indicate whether they would lower, elevate or continue the level of
used insulin during fixed time intervals in each of the forty glucose profiles. The
physicians were unaware of which two glucose profiles originated from the same
patient and of the identity of the patients. Depending on method of insulin admin-
istration (CSII or MIS) there were two schedules with fixed periods of time to
which the treatment recommendation related: 1) CSII: 0.00-04.00 h, 04.00-06.00 h,
06.00-12.00 h, 12.00-18.00 h and 18.00-24.00 h and extra boluses before meals
(breakfast, lunch, dinner); 2) MIS: Basal insulin and meal-time insulin (before
breakfast, lunch and dinner). This gave eight treatment recommendations per day
when CSII was used and four treatment recommendations per day when MIS was
used.

Treatment recommendation was classified as follows: a decrease in insulin level (-1),
unchanged insulin level (0), an increase in insulin level (1). For each patient and
each physician, the number of differences in treatment recommendation between
day 1 and day 2 was calculated and expressed as percentage of total number of
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treatment recommendations. Analysis was performed on the total group and groups
I (low day-to-day variability) and II (high day-to-day variability) separately.
Percentage of difference in treatment recommendation for each patient was
correlated with MAD of that patient using the Pearson correlation coefficient.
Percentage of difference in treatment recommendation for all patients combined
was compared between group I and group II using the Chi-square test.

Results

Characterising patients

All thirty-one pregnant women with type 1 diabetes mellitus who were asked for
this study participated. There were no adverse events associated with the use of the
CGMS. Each patient had a continuous glucose measurement of at least 48 hours fit
for analysis (no missing measurements, accuracy criteria met). Median age of the
patients was 34 years (range 28 to 44 years), median duration of diabetes was 18
years (range 1 to 28 years), median HbA A was 6.4% (range 5.3 to 8.2%, 4 patients
had HbA,_ > 7.0%) and median maternal pre-pregnancy BMI was 26.0 kg/m?
(range 20.4 to 42.9 kg/m?). There were 16 nullipara, 11 women were para 1, three
women were para 2 and one woman was para 3. Twenty-two patients were in the
first trimester of pregnancy (gestational age ranging from 9 to 14 weeks), five in the
second trimester of pregnancy (gestational age ranging from 25 to 28 weeks) and
four in the last trimester of pregnancy (gestational age ranging from 32 to 38
weeks). Eight patients were classified as White B, ten as White C, five as White D,
four as White F, three as White R and one as White FR. Seventeen patients were
treated with CSII while the remaining fourteen patients were treated with MIS. All
patients practised self-monitoring of blood glucose levels.

Day-to-day and within-day variability

MAD ranged from 0.92 to 6.12 mmol/l with a median of 2.30 mmol/Il. Seventeen
patients (55%) were classified as having low day-to-day glucose variation (Group I).
Fourteen patients (45%) were classified as having high day-to-day glucose variation
(Group II). MAD in Group I ranged from 0.92 to 2.33 mmol/l and MAD in Group
II ranged from 2.41 to 6.12 mmol/l, i.e. there was no overlap between both groups
(Figure 1). Figure 2 shows glucose profiles of two patients with a MAD <2.35 mmol/l.
Figure 3 shows glucose profiles of two patients with a MAD >2.35 mmol/l.

CV,can ranged from 14.4 to 68.2% with a median of 34.3%. CV 4. .. ranged
from 0.13 to 39.3% with a median of 9.2%. Correlation coefficient for the relation
between MAD and CV. was 0.76 (p<0.001). Correlation coefficient for the

mean

relation between MAD and CV g, . was 0.47 (p<0.001).
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Table 1. Correlation coefficients, means and significance levels of relationship
between MAD and variables.

Correlation coefficient () ~ Significance (p)

HbA, 0.58 0.001*
Maternal age -0.22 0.22
Duration of diabetes 0.28 0.13
Prepregnancy BMI 0.03 0.89
Gestational age -0.27 0.15
BGmean -0.24 0.20
BGdifference -0.30 0.87
Insmean -0.13 0.51
Insdifference 0.09 0.64
Nutrition 0.02 0.95
Mean MAD Significance (p)

White classification B 10.6** 0.29

C 17.7%*

D 17.6**

F 14.3**

R 24.7+*

FR 15.0**
Living with children Yes 3.05 0.25

No 2.44
Method of insulin CSIt 2.49 0.59
administration

MIS 3.03
Activity level t Similar 2.73 0.99

Different 2.74

significant < 0.01
** mean rank of MAD

1 Padents with both days at work /not at work and patients with physical activity on both days or neither of these
days were classified as ‘similar’. Patients with one day at work and one day not at work or physical activity on
only one of the two measurement days are classified as ‘different’.

Comparison of variables

Table 1 shows correlation coefficients, means and significance level of the relation-
ship between MAD and the variables. Only the relation between MAD and HbA,
was significant (7=0.58, p<0.001).
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Figure 1. MAD and group number. Group I: Patients with low day-to-day variability
based on visual classification. Group II: Patients with high day-to-day
variability based on visual classification.

Three patients had physical exercise on one of the two measurement days, the
remaining patients did not exercise during the days of continuous glucose monitor-
ing. Three patients had a working day as day 1 and a non-working day as day 2; the
remaining patients had two identical measurement days (either working or non-
working). These six patients with different activity level on day 1 versus day 2 were
joined as one group. Comparison of mean MAD of this group with that of the 25
patients with similar activity levels on day 1 versus day 2 shows no significant
difference (Table 1)

Treatment

Table 2 shows percentage of difference in treatment recommendation between day 1
and day 2 of the continuous glucose measurement given by each physician.
Correlation coefficient between MAD and percentage of difference in treatment
recommendation given for each patient was 0.57 (p<0.01). Percentage of difference
in treatment recommendation was significantly lower in group I compared to group
II (33 vs. 48%, p<0.01)
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Figure 2. Two-day continuous glucose monitoring profiles of two women with MAD

<2.35 mmol/l.
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Figure 3. Two-day continuous glucose monitoring profiles of two women with MAD

>2.35 mmol/l.

Table 2. Percentage of difference in treatment recommendation given by each

physician between day 1 and day 2 of the continuous glucose measurement.

Physician Difference in Difference in Difference in
recommendation recommendation recommendation
Both groups Group I* Group II**

1 29% 22% 38%

2 38% 36% 40%

3 43% 33% 55%

4 48% 40% 58%

Total 39% 33% 48%

* low day-to-day variability

** high day-to-day variability
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Discussion

This study confirms the findings of earlier studies that continuous glucose monitor-
ing during pregnancy reveals a relatively large within-day variation in glucose levels
that may otherwise remain unnoticed.”’ These, otherwise unnoticed, episodes of
hyper- and hypoglycaemia may be the reason for the persisting increased incidence
of congenital malformations and fetal macrosomia in women with type 1 diabetes
mellitus. Detailed information on glucose excursions may be helpful in adjusting
insulin treatment,” but that requires a sufficient day-to-day stability of glucose
values. Determination of the degree of day-to-day variability is hampered by the
lack of accepted criteria.

We used a visual inspection of the continuous glucose measurements to classify the
day-to-day fluctuations into high or low by asking 6 physicians to come to an
agreement as to the traces of all 31 women. Such an agreement was easily reached
and examples of the two categories are shown. Post hoc analysis of the MAD
between both days revealed that there was a cut-off point with a MAD of about
2.35 mmol/l between patients with a low and high day-to-day variation as judged
visually, without overlap between the groups. Since pattern recognition is usually
easier done by eye than by numerical analysis, and since this procedure resulted in a
clear cut-off MAD value between both groups, this value may be used in future
studies on day-to-day variation. For the analysis of the variables, however, we chose
to use the MAD as a continuous variable in studying the relationships with possible
factors influencing day-to-day variability.

Almost half of our patients showed a large day-to-day variation. This seriously
hampers insulin adjustment on the basis of the information of the CGMS. This is
the more so since most patient characteristics did not discriminate between those
with a low or high glucose variation. Women with a low day-to-day variation had a
lower within-day variation and a lower HbA, -level. High within-day variation
often means alternation between post-prandial hyperglycaemia’s and pre-meal
hypoglycaemia’s. Initially we hypothesised that the chance of these fluctuations
occurring at the exact same time on two consecutive days is small due to variations
in rhythm of meals, exercise, sleep, etc. However, the finding that mean MAD in
the group of women with different daily activities is almost identical to the mean
MAD of women with similar daily activities on the measurement days does not con-
firm this. It is the question whether parameters such as ‘work day or not’ and ‘hours
of physical activity’ are reliable representatives of activity level. In some cases, for
example in families with small children, it is plausible that a day at work may be less
emotional and stressful than a day at home. Reservation in forming conclusions
based on these latest findings is therefore appropriate and a more reliable parameter
for daily activity and stress should be used in future research.

Analysis of treatment strategy shows that in 29-48% of the cases physicians gave
different recommendations on the two separate days. The percentage of difference
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in treatment recommendation was positively related to degree of day-to-day
variability and significantly higher in patients with high day-to-day variability. This
means that daily continuous glucose profiles are of lowest value in patients in whom
it should be of highest importance as insulin treatment adjustment is most difficult
in patients with high MAD (and high HbA, ). Fine-tuning of insulin regimen
through intermittent application of the CGMS as suggested by Yogev et 4/.%, should
therefore, if at all, be done with the utmost caution. The CGMS measurement can,
however, be useful in increasing the patients” awareness of variations in glucose
levels. The glucose profiles may be of help in the adjustment of eating habits and
regularity of living pattern. This might lead to less day-to-day variability in a
second CGMS measurement making fine-tuning of insulin regimens easier and
more reliable. We agree with Yogev et 4/.% that the CGMS provides more informa-
tion than 6-8 fingerstick measurements a day, which makes it helpful in the treat-
ment of diabetes in pregnant women. However, their study does not take day-to-
day variability into account and no comparison between insulin adjustment
recommendations for separate days of the same CGMS measurement was made.
Therefore, the difficulties internists have in fine-tuning insulin regimens in preg-
nant women with diabetes as shown in the present study, do not become apparent
in their study.

As insulin adjustment on the basis of the information of two days of continuous
glucose monitoring is hampered by day-to-day variation, the question arises
whether this will change when patients are monitored for more than two days. The
pathofysiologic mechanism responsible for fluctuations in glucose profiles seems to
be more complex than the individual variables analysed in this study. Further
research will have to show whether day-to-day variability will increase or decrease
with more than two measurement days.

In conclusion, day-to-day variability in glucose profiles is an important problem in
the treatment of pregnant women with type 1 diabetes mellitus. Further research
will be aimed at the determination of explanatory factors such as stress, diabetic
autonomic neuropathy (gastric motility) and eating patterns. It is also important to
find out whether day-to-day variability will remain low in patients with a low day-
to-day variability over two days when they are monitored for more days. If so, than
in that group - i.e. in half of the patients - continuous glucose measurements may
be useful for the adjustment of insulin treatment. Continuous glucose measure-
ments in patients with high day-to-day variability may be useful in increasing the
patients’ awareness of variations in glucose levels and may be useful in exploring
specific reasons for and patterns of high day-to-day variability.
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Abstract

To safely adjust insulin regimens on basis of measurements with the
Continuous Glucose Monitoring System (CGMS) in pregnant women with
type 1 diabetes, low day-to-day variability is necessary. Evaluation of 36
three-day continuous glucose measurements of these women shows that in
88% of the patients with low day-to-day variability, glucose profile of the
third measurement day did not differ from that of the previous measurement
days. Two days of continuous glucose measurement therefore seems to be
enough for the identification of patients with low day-to-day variability and
the adjustment of insulin regimens in these patients.
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Introduction

Treatment of diabetes in pregnant women with type 1 diabetes mellitus is essential
for both mother and infant as these pregnancies are often accompanied by compli-
cations such as severe maternal hypoglycaemia, congenital fetal malformations,
sudden infant death and macrosomia.! Goal of the treatment is to achieve a preg-
nancy outcome that is equal to that of women without diabetes mellitus. The
Continuous Glucose Monitoring System (CGMS) is a useful additional tool to
achieve optimal glycemic control.>? In an earlier paper we have shown that low
day-to-day variability in glucose levels of pregnant women with type 1 diabetes
mellitus is essential for adequate treatment.* Evaluation of 48-hour glucose profiles
measured with the Continuous Glucose Monitoring System (CGMS) in 31 preg-
nant women with type 1 diabetes, has shown that low day-to-day variability is
achieved in almost half of the pregnant women with type 1 diabetes and that only in
these patients fine-tuning of insulin regimens based on the CGMS profiles seems to
be safe. In patients with high day-to-day variability the CGMS is of help in increas-
ing the patients’ awareness of variations in glucose levels and in the adjustment of
eating habits and regularity of living pattern. In that study two-day measurements
were used and the question arose whether day-to-day variability is constant or
changes when patients are monitored for more days. In other words, is it useful to
measure patients for three days or will two days suffice?

Methods

In order to answer this question, three-day CGMS measurements of 36 pregnant
women with type 1 diabetes mellitus were analysed. These measurements were
selected from a data base of 100 CGMS measurements in 47 pregnant women with
type 1 diabetes and included all women in whom continuous glucose measurements
met the manufacturers accuracy criteria during the whole study period and in
whom the measurement lasted at least three successive uninterrupted calendar
days.’ The 64 unused measurements did not consist of three successive uninter-
rupted technically accurate calendar days. This is mainly due to the fact that at
initiation of the CGMS measurements in our clinic in December 2001 the quality
of the CGMS was less than it currently is, often cutting the measurement interval
short. At this moment, CGMS measurements with a measurement interval of 72
hours or more are regularly obtained.

The Mean Absolute Difference (MAD) of the glucose profiles was used as measure
of day-to-day variability.® The MAD is calculated by adding the absolute differ-
ences of all blood glucose values and dividing them by the number of values minus
one. The MAD of the glucose profiles of the first two days of each measurement
(MAD,) was compared with the MAD of the glucose profiles of the second and
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third day of the CGMS measurement (MAD,). Earlier we found that patients can
be classified into low or high day-to-day variability based on the MAD and that the
MAD value that discriminates between these groups is 2.35 mmol/l.* Each patient
was classified into high or low day-to-day variability based on MAD, and MAD,,.
Difference in classification based on MAD, and MAD), and Pearson correlation
coefficient between MAD, and MAD), were used as outcome measure.

HbA, . and gestational age were compared between the patients with stable MAD
and patients with difference in classification using the Mann-Whitney U test with
p=0.05 as significance level.

Results

Gestational age of the 36 pregnant women ranged from 9 2/7 to 37 6/7 weeks.
HbA, . ranged from 5.1 to 8.2% with a median of 6.6% (normal range 4.0-6.0%).
MAD, correlated significantly with MAD, (r=0.84, p< 0.001). Based on MAD,
47% (n=17) of the patients were classified as having low day-to-day variability and
53% (n=19) were classified as having high day-to-day variability. Six patients (17%)
changed groups when the classification was based on MAD, instead of MAD;

20.0 _
patient with low day-to-day variability

15.0 —— day1 —— day2 day 3

10.0

patient with high day-to-day variability

glucose concentration (mmol/l)

time in hours

Figure 1. Example of patient with low (MAD,=1.58 and MAD,=1.66 mmol/l) and high
(MAD,=3.99 and MAD,=4.24 mmol/l) day-to-day variability.
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two (6%) were classified as high instead of low day-to-day variability and four
(11%) were classified as low instead of high day-to-day variability. Figure 1 shows
examples of a patient with low and a patient with high day-to-day variability in
three measurement days.

There was no difference in HbA, _ and gestational age between the patients with
stable MAD and patients that changed groups (p=0.92 and p=0.44, respectively).

Discussion

Stable day-to-day glucose levels are essential for the treatment of pregnant women
with type 1 diabetes mellitus. Low day-to-day glucose variability is found in about
half of the patients when they are measured for two days.* Adjustment of insulin
regimens based on CGMS profiles seems possible in these patients provided that
two days of continuous monitoring is sufficient to study day-to-day variability. In
the present study we found that in the group of patients with low day-to-day
variability MAD did not change in 88% (15 out of 17) of the cases when patients
were measured for three days. In these patients the third day of the CGMS mea-
surement is, therefore, not of much additional use for the adjustment of insulin
regimens and 2 days of measurement is enough.

Women with a high day-to-day variability between day one and day two usually (in
79% or 15 out of 19 of the cases) had a high variability between day two and three.
In these patients adjustment of insulin regimens on the basis of CGMS measure-
ments does not seem to be possible.* This study shows that two days of CGMS
measurement is enough to identify the women with high day-to-day variability.
However, CGMS measurements also give information that is useful for the adapta-
tion of eating- or living habits of the patient. Thus, CGMS measurements are
useful in patients with high day-to-day variability. It remains to be seen if a third
day of measurement is necessary to increase the awareness of variations in glucose
levels leading to the adjustment of eating habits and regularity of living pattern.

In conclusion, if CGMS measurements are used for the adjustment of insulin
regimens in pregnant women with type 1 diabetes, two days of measurement seems
to be enough. Low day-to-day variability is needed for the safe and adequate
adjustment of insulin regimens and two days of CGMS measurement is generally
enough to discriminate between women with low and women with high day-to-day
variability. We therefore propose that, in pregnant women with type 1 diabetes, the
CGMS measurement period is shortened to two days. This is the more if one
imagines the inconvenience of being pregnant and having the CGMS on one and
an insulin pump on the other side of the belly.
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Abstract

Objective To establish the value of HbA, -levels and older sibling birth
weight as predictors of birth weight and macrosomia in the offspring of
women with type 1 diabetes mellitus.

Methods A total of 214 pregnancies of 107 women with type 1 diabetes
were studied. Regression analysis was performed to test the predictive value
of birth weight of first-born infant, HbA, -level, maternal BMI, maternal
age and time between subsequent births on birth weight of the second-born
infant. Birth weights were corrected for gender and gestational age.
Percentages of macrosomic infants (weight >90t centile) were calculated
and compared between first- and second-born infants.

Results Only birth weight of earlier born infants was significantly related to
that of second-born infants (p<0.001) and 40-50% of the variation in birth
weight of second-born infants could be explained by birth weight of the
first-born infants. About 85% of the mothers who gave birth to a macroso-
mic infant, had a macrosomic infant at a subsequent pregnancy.

Conclusion Although it is clear that glycaemic control contributes to birth
weight in women with type 1 diabetes, birth weight of an earlier born infant
appears to be a much better predictor for birth weight of a subsequent infant
than HbA, -level during pregnancy. It may, therefore, be used for the
identification of patients at risk of giving birth to a macrosomic infant. Day-
to-day home monitoring of glucose levels rather than HbA, -levels should
be used for the assessment of maternal glycaemia during pregnancy.
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Introduction

Macrosomia is a frequent complication in pregnancies of women with type 1
diabetes mellitus.!-* Macrosomia may lead to short term complications such

as increased rates of caesarean section, shoulder dystocia and neonatal hypoglycae-
mia. *-19 Long term complications include increased risks for obesity, diabetes and
breast carcinoma later in life.!">1? It is generally agreed that macrosomia rate
decreases when diabetic control in pregnant women with type 1 diabetes is tight-
ened.!>1* However, even in patients with near-normal HbA, -levels, macrosomia
rates remains high.>*’ Several studies on the relationship between HbA, -levels
and birth weight have been published.!>-1° It has proved difficult to establish a clear
relationship between HbA, -levels and infant birth weight. Positive!®2? and
negative! ! correlations between first trimester HbA, -level and infant birth
weight have both been reported while other studies have shown that third trimester
HbA, -levels are positively related to infant birth weight.!? Similarity in these
studies is that the relation between HbA, -levels and infant birth weight is weak.
HbA, -levels account for less than 10% of the variance found in birth weight of
infants of mothers with type 1 diabetes®!?. This raises questions concerning the
usefulness of HbA, -levels as predictor of fetal macrosomia in pregnant women
with type 1 diabetes mellitus.

In the non-diabetic population, birth weight of younger siblings has been shown to
correlate with that of older siblings.???3 Reported correlations of sibling weight are
strong and predictive values range from 20 to 30%.72:?3 In the general population,
women with a macrosomic infant are ten times more likely to have a macrosomic
infant at a subsequent birth than women with an appropriate for gestational age
infant.”* The relationship between sibling birth weights in women with type 1
diabetes has not been studied yet.

This study was aimed at establishing the value of HbA, -levels and older sibling
birth weight as predictors of birth weight and macrosomia in the offspring of
women with type 1 diabetes mellitus.

Materials and methods

Data of 266 pregnancies in 133 women with type 1 diabetes mellitus were obtained
using the medical records of women who visited our clinic between January 1994
and June 2004 and the study records of women who participated in the nation-wide
study “Iype 1 diabetes mellitus and pregnancy in the Netherlands anno 1999-2000
that was performed at our clinic.> The ethics committee of the University Medical
Centre Utrecht had approved the latter study and all patients participating in that
study gave written informed consent. Only women who gave birth to two live-born
infants after 35 weeks of gestation were included in the present study.
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Twenty-one women gave birth to an infant with a congenital malformation in one
of the two pregnancies (7.9%). Five women gave birth to twins in one of the two
pregnancies (1.9%). These 26 women (52 pregnancies) were excluded from the
study. The remaining 107 women (214 pregnancies) were entered in the analysis.
In 15 women at least one of the two pregnancies was complicated by a hypertensive
disorder (pregnancy induced hypertension or pre-eclampsia). Hypertensive disor-
ders of the mother are known to have a negative effect on birth weight of the
infant.?>?6 However, the effect of hypertensive disorders on birth weight of the
infant seems to be smaller or even absent when women deliver >37 weeks of
gestation.?”?8 In the present study, analysis was therefore performed with and
without exclusion of these 15 women.

As the study was performed retrospectively and no standards (number and moment)
for the determination of HbA, -levels during pregnancy were used, HbA, -levels
were calculated by computing the means of HbA, -levels determined in the first
and the second half of the pregnancy. A standardization procedure was adopted to
adjust for variations between HbA, -assays in different clinics.??? Each local

HbA, -value was first standardized using the mean (XN) and standard deviation
(SDN) for a local non-diabetic population. These scores [ZHbA | =(HbA, -XN)/
SDN] were then transformed back to percent units using the mean (5.0%) and
standard deviation (0.5%) of the Utrecht assay as follows: HbA, =0.5%(ZHbA, )+
5.0%.

Birth weight was expressed as percentage of the Dutch population mean corrected
for gender and gestational age and as weight centile’?. Maternal Body Mass Index
(BMI) before the second pregnancy, maternal age at birth of the second child and
time that elapsed between the two births were computed from the data in the
records.

Stepwise multiple linear regression analysis was used to evaluate the influence of
birth weight of the older sibling, HbA, -level during the first and second half of the
second pregnancy, maternal BMI, maternal age and the time elapsed between births
on birth weight of the second-born child. This analysis was repeated after exclusion
of the 15 women in whom hypertensive disorders complicated at least one of the
two pregnancies.

Three subgroups were made based on the birth weight centiles of the first-born
infants, corrected for sex and gestational age: (1) normal weight: weight centile
<p90; (2) macrosomia: weight centile p90-p97.7; (3) severe macrosomia: weight
centile =p97.7. Within each of these groups percentages of second-born infants
with normal weight, macrosomia and severe macrosomia were calculated. Chi-
square statistics were used to test whether there is a relation between birth weight
groups of the first- and second-born sibling. Post hoc Cramer’s V was used to
describe the strength of the relationship. HbA, -levels of the women who had a
normal weight infant and a severely macrosomic infant were compared between the
two pregnancies using Wilcoxon statistics. For evaluation of statistical analyses,
p<0.05 was considered significant.
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Results

The regression analysis showed that birth weight of second-born infants was
significantly related to birth weight of first-born infants and not to HbA, -level,
maternal BMI, maternal age and time elapsed between births (7able 1). Figure 1
shows the relation between birth weight of the first-born child and birth weight of
the second-born child. Figures 2a and 2b show the correlation between HbA, -
levels in the first and second half of the pregnancy and birth weight of the infant.
Exclusion of the 15 women with a hypertensive disorder in one or both of the
pregnancies improved the correlation between birth weight of the first and the
second child (7=0.737, 7%=0.544, p<0.001).

Of the first-born infants 44% had a birth weight within the normal range, 18%
were macrosomic and 38% were severely macrosomic. Of the second-born infants
37% had a birth weight within the normal range, 16% were macrosomic and 47%
were severely macrosomic. Percentages of concordance in birth weight groups are
shown in Table 2. Chi-square and Cramer’s V statistics showed that there is a
significant and strong association between percentage of macrosomia in the first-
and second-born infants of women with type 1 diabetes, V=0.507, p<0.001.

In 11 of the 12 women who had a normal weight and a severely macrosomic infant,
the HbA, -levels during the first pregnancy could be retrieved from the medical
records (1able 3). There was no significant difference in HbA, -levels during the
first and second pregnancy in these women (p>0.8).

Table 1. Regression analysis of birth weight of first-born infant, HbA, -level during
the first and second half of the second pregnancy, maternal BMI, maternal age and
time elapsed between births by birth weight of second-born infant.

R R square  significance
- Birthweight of the first-born infant* 0.640 0.410 0.000
Partial correlation significance
- HbA, -level during the Ist half of the 0.173 0.192
second pregnancy
- HbA, -level during the 2nd half of the 0.251 0.076
second pregnancy
- Maternal BMI 0.116 0.453
- time elapsed between births 0.076 0.988
- maternal age -0.042 1.000

* expressed as percentage of population mean corrected for gender and gestational age.
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birth weight of second-born infant (%)

Figure 1.
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Figure 2. Correlation between (a) HbA, -level during first half of the second

pregnancy and birth weight of second-born infant (»=0.173, NS) and (b)
HbA, -level during the second half of the second pregnancy and birth
weight of second-born infant (=0.251, NS)

Table 2. Concordance in birthweight groups of siblings of mothers with type 1
diabetes mellitus.

Second-born infant

normal birth macrosomia  severe total

weight macrosomia

n % n % n % n %
First-born infant
normal birthweight 32 68%) 5 (11%) 10 21%) 47 (100%)
macrosomia (90-97.7 centile) 6 (32%) 8 “2%) 5 26%) 19 (100%)
severe macrosomia (=97.7 centile) 2 (5%) 17  (10%) 35 (85%) 41 (100%)
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Table 3. HbA, -levels during pregnancy of women who gave birth to a normal weight
and a severely macrosomic infant

Patient First pregnancy Second pregnancy
Normal weight infant Severely macrosomic infant

1 5.2 5.0

2 5.6 59

3 6.3 5.6

4 6.3 6.8

5 6.5 6.9

6 6.5 6.3

7 7.0 6.7

8 7.2 6.7

9 7.2 7.5
Severely macrosomic infant Normal weight infant

1 6.5 6.3

2 7.6 7.9

Discussion

Between 41 and 54% of the variation in birth-weight of second-born infants of
mothers with type 1 diabetes mellitus could be explained by the birth weight of the
first-born infant. HbA, -levels during pregnancy only explained between three and
seven percent of the variations in birth weight and did not differ in two consecutive
pregnancies of patients who gave birth to a normal weight and a severely macroso-
mic infant, respectively. We therefore conclude that birth weight of a previously
born infant is a much stronger predictor for macrosomia than HbA, . percentages.
This is the more so since about 85% of the women who gave birth to a severely
macrosomic infant in their first pregnancy, also had a severely macrosomic infant in
their second pregnancy.

Macrosomia (birth weight >4000 g or 90t centile) is associated with higher rates
of a prolonged first and second stage of labour, an increased risk of instrumental
vaginal delivery, shoulder dystocia, cesarean birth, third and fourth-degree perineal
lacerations, postpartum hemorrhage, prolonged hospital stay, Apgar score <4 and
admission to the special care baby unit.®31:32 Prevention of macrosomia is therefore
mandatory. The aetiology of macrosomia may be multifactorial, but there is
evidence that (very) tight glycaemic control results in a lower incidence of macroso-
mic infants.!31%33 However, such a tight control is difficult to achieve and may
cause maternal complications such as severe hypoglycaemia.** The present study
helps to identify multiparae that may benefit most from a very tight glycaemic
control.

In a non-diabetic population, gender of the infant, maternal age, parity and time
since last pregnancy have been shown to explain about 20% of the variance in birth
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weight.?? Birth weight of the parents and maternal pre-pregnancy BMI have also
been shown to correlate with birth weight of the offspring.835-37 In the present
study maternal BMI, maternal age and time elapsed since last pregnancy were not
significantly related to birth weight of the second-born infant. This suggests that
birth weight of offspring of women with diabetes is influenced in a different manner
than that of offspring of a non-diabetic population. One may hypothesize that birth
weight of infants of mothers with diabetes is indeed largely influenced by glucose
levels (post-prandial hyperglycaemia). These glucose elevations, however, are of
short duration and are therefore not reflected accurately by HbA, -levels, which are
considered to be an expression of mean glucose values over a two- to three- month
period.?®3? Furthermore, since birth weight of an earlier born sibling is so strongly
related, genetic or different diabetes-related intra-uterine factors cannot be ruled
out.

Due to the retrospective nature of the study and the lack of guidelines for frequency
and moment of determination of HbA, -levels during pregnancy, the number of
data and gestational ages at determination of HbA, -level varied between patients.
We attempted to overcome this heterogenity in the data set by using the mean
HbA, -level during the first and second half of the pregnancy in the analysis. We
acknowledge that analysis of HbA, -levels per trimester of the pregnancy as has
been done in earlier studies would have been more accurate. However, since in our
study differences in HbA, -levels accounted for approximately 5% of the observed
variation in birth weight, a percentage similar to that found in previous studies,>!”
our approach seems acceptable.

In conclusion, this study shows that HbA, -levels do not correlate with infant birth
weight. It is clear that glycaemic control contributes to infant birth weight but that
HbA, -level is not the correct measure for the determination of glycaemia during
pregnancy when related to birth weight as the end-point. To assess the degree of
glycaemic control that is achieved, daily self~-monitoring of blood glucose levels
should be used. A more reliable, although not perfect, predictor of infant birth
weight is the birth weight of an earlier born infant. It can be used for the identifica-
tion of patients at risk of giving birth to a macrosomic infant. Especially in these
patients the achievement of tight glycaemic control during pregnancy is important.
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Abstract

Objective Despite modern methods of treatment, pregnancies of women
with type 1 diabetes are still complicated by macrosomia of the infant (birth
weight =90 centile). To obtain a more complete image of diurnal glucose
profiles during pregnancies of women with diabetes and to assess the
relation between these glucose profiles and infant birth weight, a continuous
glucose monitoring system (CGMS) was used in each trimester of the
pregnancy.

Methods Fifty pregnant women with type 1 diabetes and twelve healthy
pregnant women were asked to use the CGMS each trimester of pregnancy.
The diurnal glucose profiles of the healthy women, the women with diabetes
with a normal weight infant and those with a macrosomic infant were
compared using repeated measurement analyses.

Results Women with diabetes invariably had higher glucose levels than
healthy pregnant women. Sixty percent of the women with diabetes gave
birth to a macrosomic infant of which 40% had elevated growth parameters
on ultrasound <30 weeks of gestation. All of these early macrosomic infants
became severely macrosomic (birth weight >=97.7t centile). The mothers of
these infants had significantly higher glucose levels in the second trimester
of pregnancy (p<0.05). Women with diabetes who gave birth to a macroso-
mic infant had significant higher within-day glucose variability in the third
trimester of pregnancy than women with normal weight infants (p<0.05).

Conclusion Pregnant women with type 1 diabetes at risk of giving birth to a
severely macrosomic infant may be identified by elevated glucose levels in
the second trimester and increased glucose variability in the third trimester
of pregnancy.
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Introduction

Treatment of pregnant women with type 1 diabetes mellitus is aimed at achieving a
pregnancy outcome that approximates that of non-diabetic women.! Recent studies
have shown that this target is far from being reached despite modern methods of
treatment (frequent self-monitoring of blood glucose levels combined with multiple
injection schedules or insulin pumps) 2 and despite the maintenance of HbA, -
levels within the limits advised in international guidelines.?’

Macrosomia of the infant (birth weight =90t centile) is the most frequent of these
complications.” 6% It is a serious complication as it is associated with increased
direct and late morbidity of both mother and child.!%-? Instrumental delivery,
caesarean section, shoulder dystocia, postpartum hemorrhage and perineal lacera-
tion rates are elevated in women whose infant is macrosomic.!%-1> Macrosomic
infants have an increased risk of low apgar scores (<4) and prolonged admission to
the special baby care unit.10-12:14

It has been shown that the macrosomia rate is positively related to glycaemic
control.>-18 Discrepancy, however, exists concerning the trimester of pregnancy in
which tight glucose regulation is considered the most important. A second obstacle
in these studies is that glycaemic control is expressed as the mean of six to eight
self-monitored blood glucose levels a day. It is not likely that the mean of six to
eight self-monitored glucose levels a day truly reflects the diurnal glucose profile. It
has been shown that during pregnancy post-prandial glucose peaks of women with
type 1 diabetes are particularly high and that these peaks are not monitored on
routine testing.!”0 It is plausible that the persistent high rate of infant macrosomia
is due to unnoticed intermittent hyperglycaemia.

A novel method for the continuous monitoring of glycaemic control is the
Continuous Glucose Monitoring System (CGMS). This device measures glucose
levels in the subcutaneous interstitial tissue fluid and makes continuous ambulatory
monitoring of glucose profiles throughout pregnancy possible.

Given the uncertainty as to the relation of maternal glucose levels with infant birth
weight, we used the CGMS to evaluate the glucose levels of pregnant women with
type 1 diabetes mellitus in all three trimesters of the pregnancy. We aimed at
establishing the relationship between the diurnal glucose profiles, HbA, -levels and
birth weight of the infants born to these women.

Methods

The Continnous Glucose Monitoring System

The Continuous Glucose Monitoring System (CGMS) is a device that measures

glucose levels in the extra cellular fluid of the abdominal subcutaneous tissue and
stores values in a range of 2.2-22.2 mmol/l every 5 minutes during 72 hours. The
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CGMS consists of three components: a sterile disposable glucose sensor, a glucose
monitor and a connecting cable. The sensor consists of a thin, one centimetre long
flexible polyurethane tube that houses the glucose-sensing electrode. The sensor
measures interstitial glucose as an electrical potential created by the reaction of
glucose oxidase with glucose. The sensor signal is acquired every 10 seconds and an
average of the acquired signals is saved in the monitor every 5 minutes providing
288 readings in 24 hours. Besides interstitial glucose levels, the monitor stores
event markers for meals, insulin injections and exercise.

The electrical readings acquired by the sensor are converted into glucose levels
(mmol/l) when the data are downloaded from the monitor to a personal computer.
"To be able to determine a calibration factor, at least four finger stick blood glucose
levels need to be entered into the monitor each 24 hours.

The data from the CGMS are, according to the MiniMed instructions, valid if
three criteria for optimal accuracy are met: 1) At least four paired sensor glucose /
meter glucose readings per day. 2) Correlation coefficient between sensor glucose
values and these four meter blood glucose readings =0.79. 3) Average value of
differences between sensor glucose values and meter glucose values for a given day
<28%. 21 In this study glucose profiles measured with the CGMS were used only
if the accuracy criteria were met and if none of the 288 glucose measurements per
24-hours were missing.

Patients and Methods

From December 2001 through June 2004 fifty pregnant women with type 1
diabetes mellitus were recruited from the obstetrical outpatient clinic of the
University Medical Centre Utrecht, The Netherlands. Four women were excluded
from the analyses: two were pregnant with twins and two had a spontaneous
abortion. This report concerns the analyses of the remaining 46 patients.

As a control group, twelve healthy pregnant women were recruited (See Chapter 4).
All study subjects gave written informed consent before entering the study.

The study subjects (diabetic and non-diabetic) were asked to use the CGMS three
times during the pregnancy; between 10 and 12 weeks of gestation, between 24 and
28 weeks of gestation and between 34 and 36 weeks of gestation. Subjects were
asked to perform four finger stick blood glucose measurements per day, which were
used for calibration of the CGMS. They were advised to measure blood glucose
levels before each meal and at bedtime.

Records were kept of complications during the pregnancy, gestational age at
delivery, mode of delivery (vaginal delivery or caesarean section), birth weight and
gender of the infant, presence of congenital malformations and neonatal hypogly-
caemia (glucose <2.0 mmol/l).

Macrosomia was defined as a birth weight =90™ centile after correction for gender,
parity and gestational age according to the Dutch growth charts.?? Fetal growth
was measured fortnightly using ultrasound. Retrospectively, the ultrasound reports
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of the infants that were macrosomic were evaluated and a difference was made
between infants with early macrosomia (fetal growth parameters =95t centile <30
weeks of gestation) and late macrosomia (fetal growth parameters =95 centile >30
weeks of gestation).

HbA, -levels were measured within one week after each continuous glucose
measurement. In 54% of the patients HHbA -levels were also obtained six to eight
weeks after the CGMS measurement. Comparison of the two HbA, -levels showed
a correlation coefficient of 0.81 (p<0.001). A paired T-test showed that HbA, -
levels obtained one week or six to eight weeks after the CGMS measurement were
not significantly different (p=0.269). HbA, -levels determined within one week
after the CGMS measurement were therefore found fit to use in the present study.

Analysis

In the women with type 1 diabetes mellitus, maternal and neonatal descriptives
were compared between women with normal weight infants, women with a late
macrosomic infant and women with an early macrosomic infant using Kruskal-
Wallis or Chi-square statistics.

For each trimester of the pregnancy the median glucose levels for each hour of the
day of each group of subjects (healthy women and the three diabetic subgroups)
were calculated. For each trimester of the pregnancy the 24-point diurnal glucose
profiles of the four study groups were compared using repeated measurement
analyses.

The relationship between the HbA, -levels in the first, second and third trimester
of the pregnancy and infant birth weight was established using Pearson correlation.
Infant birth weight was expressed as percentage of the population mean corrected
for gender and gestational age.

For statistical analyses p<0.05 was considered significant.

Results

Use of the CGMS

Not all women completed the 72 hours of CGMS registration due to technical
reasons or the inconvenience of using the CGMS combined with the use of an
insulin pump. Therefore, the first 24-hours of each CGMS measurement that best
met the manufacturers accuracy criteria were used for the analyses.

In the diabetic study group, 26 patients used the CGMS three times during the
pregnancy. The patients who did not complete three CGMS measurements were
either included after the first trimester, delivered before the last CGMS measure-
ment took place or did not complete the study (7zble ). All but one of the patients
who did not complete the study (n=10) used continuous subcutaneous insulin
infusion as the method of insulin administration and found the use of two devices
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attached to the (growing) belly too inconvenient. A total of 106 measurements days
were analysed.

Table 1. CGMS measurements

n
First trimester measurements 40
- included after 12 weeks of gestation 6
Second trimester measurements 36
- included after 28 weeks of gestation 4
- failure to complete 6
Third trimester measurements 30
- delivered before measurement 5
- failure to complete 10

Table 2. Maternal descriptives

n (%)
Parity
0 23 (50)
1 18 (39)
2 409
3 1(2)
Mode of delivery
Caesarian section 29 (63)
Elective 23
Emergency 6
Operative Vaginal Delivery 3(7)
Forceps 1
Vacuum extractor 2
Normal vaginal delivery 14 (30)
Gestational age at delivery
< 37 weeks 14 (31)
37 to 40 weeks 30 (65)
= 40 weeks 24
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Pregnancy outcome of women with diabetes

Median age (= interquartile range) of the women with type 1 diabetes at birth of the
infant was 34.1£6.5 years. Twenty-three patients (50%) were pregnant for the first
time (1able 2). Two patients had pre-existent hypertension and one patient devel-
oped pre-eclampsia. One patient experienced a hypoglycaemic coma in the first
trimester of pregnancy. Sixty-three percent of the patients were delivered by
caesarean section and 31% delivered before 37 weeks of gestation (Table 2).

One severely macrosomic infant died a few hours after birth due to asphyxia during
labour. Four infants were born with a congenital malformation. In one case the
congenital malformation could be attributed to the use of valproic acid early in the
pregnancy. In the remaining three cases (6.5%) the malformations were attributed
to the diabetes of the mother. The four women who gave birth to an infant with a
congenital malformation were excluded from the analysis.

Sixty percent (n=25) of the infants were macrosomic (birth weight =2p90). Of the
macrosomic infants, 40% (n=10) became ultrasonically macrosomic before 30 weeks
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Figure 1. Median diurnal glucose profiles (midnight to midnight) in each trimester of

pregnancy of healthy women and of diabetic women after categorization
based on infant birth weight.
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Table 3 Maternal and neonatal desciptives of normal weight, late macrosomic and

early macrosomic infants of women with type 1 diabetes mellitus

Birth weight p
<p90 =p90 =p90
late macrosomia  early macrosomia

Number
(n) 17 15 10
Maternal descriptives
Maternal age
(year) 35.0+3.6 345+5.6 33.0+4.6 0.519
Prepregnancy BMI
(kg/m?) 24.6+5.0 26.3+6.8 258=+45 0.718
Duration of diabetes
(year) 13.0 +10.2 17.0+8.2 20.0+7.2 0.141
Method of insulin administration  mit / csii mit / csii mit / csii
(n/n) 7710 6/9 773 0.492
Type of insulin human / analoge  human / analoge human / analoge
(0/n) 11/6 10/5 6/4 0.681
White classification B/C/D/F B/C/D/F B/C/D/F
(n/n) 9/4/3/1 4/6/5/0 0/6/3/1 0.127
Neonatal descriptives
Gender male / female male / female male / female
(n/n) 8/9 1075 4/6 0.362
Gestational age at birth
(weeks) 38.0+1.6 38.0+1.8 371+ 1.0 0.257
Birth weight
(®) 3092 = 534 3881 + 254 4230 + 378 0.000*
Birth weight centile

52+23 95 +2 98+0.3 0.000*
Hypoglycaemia yes / no yes / no yes / no
(n) 9/8 10/5 7172 0.526

*Significant with p<0.001

of gestation (early macrosomia). All of the early macrosomic infants had a birth
weight =p97.7 (severe macrosomia). Of the 14 infants that became macrosomic on
ultrasound after 30 weeks of gestation only three were severely macrosomic at birth
(21%). There was no significant difference in maternal age, pre-pregnancy BMI,
duration of diabetes, method of insulin administration, type of insulin and white
classification between the normal weight, the late macrosomic and the early
macrosomic infants (1zble 3). Of the infant characteristics only birth weight and
birth weight centile was significantly different between the normal weight, the late
macrosomic and the early macrosomic infants (1able 3).
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Diurnal glucose profiles

Figure 1 shows the diurnal glucose profiles of healthy women and of women with
diabetes who gave birth to a normal weight infant, a late macrosomic infant or an
early macrosomic infant in the first, second and third trimester of pregnancy. In all
three trimesters of the pregnancy the diurnal glucose levels of the healthy women
were significantly lower than those of the women with diabetes (p<0.01). The
median diurnal glucose levels of the women with diabetes who gave birth to an
early macrosomic infant were significantly higher during the second trimester of
pregnancy than those of the women with diabetes who gave birth to a normal
weight or a late macrosomic infant (p<0.05). The interquartile range of the diurnal
glucose profile in the second trimester of pregnancy of the women who gave birth
to an early macrosomic infant is given in Figure 2. At least 75% of the women with
an early macrosomic infant had glucose levels during the day that were higher than
those of the women who gave birth to a late macrosomic or normal weight infant.
In the third trimester, within-day glucose variability was significantly higher in
women with a macrosomic infant (late and early) than in women with a normal
weight infant (p<0.05)

HbA  -levels of women with diabetes

Figure 3 shows that the relationship between HbA, -levels and infant birth weight
was only significant during the third trimester of pregnancy. The median HbA, -
level in the third trimester of pregnancy was significantly higher in women who
gave birth to an early macrosomic infant than in healthy women or women who
gave birth to a normal weight infant, but did not exceed 7.0% (Table 4).

Table 4. Median and interquartile range of HbA, -levels (%) in each trimester of
pregnancy in healthy women and women with type 1 diabetes mellitus who gave birth
to a normal weight infant, a late macrosomic infant or an early macrosomic infant.

Healthy Women with type 1 diabetes mellitus Significancet
women
Normal birth Late Early
weight macrosomia macrosomia
Trimester 1 53+0.2 6.0£0.7 6308 6.8+1.3 0.398
Trimester 2 54+0.2 6.3 +0.8 6.1 +1.0 6.9+0.6 0.125
Trimester 3 5604 6.0£0.9 6.2+£0.8 7.0£0.9 0.020*

* significant with p<0.05

t Comparison of HbA, -levels between the different groups of women with diabetes
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Discussion

This study shows a very high percentage of fetal macrosomia (60%) in women with
type 1 diabetes, despite ‘safe’ HbA, -values (<7.0%;’) in most of the cases. The
infants who were extremely macrosomic at birth were already large-for-dates before
30 weeks of gestation. Moreover, in the second trimester of pregnancy, the mothers
of these infants had significantly higher glucose levels during most of the day than
the mothers of normal weight or late macrosomic infants. These findings indicate
that severe macrosomia starts relatively early in pregnancy and is likely to be caused
by elevated maternal glucose levels. Macrosomia is a serious complication as it is
associated with short term complications such as increased rates of caesarean
section, shoulder dystocia and neonatal hypoglycaemia.l9-1223-25 Long term
complications for the infant include increased risks for obesity, diabetes and breast
carcinoma later in life.26:27

In 1967 Pedersen introduced the concept of maternal hyperglycemia which report-
edly increases the fetal secretion of insulin which in turn may cause fetal macroso-
mia.”® Such an aetiology — although seemingly logical — appeared difficult to prove.
It has been shown that elevated amniotic fluid insulin levels are associated with
morbidity of the infant but a relation between maternal glucose levels and amniotic
fluid insulin levels has yet to be established.?%** Maternal HbA, -levels, which are
an expression of mean glucose levels over the past 6-8 weeks, are not or poorly
related to infant birth weight (centiles) and generally explain less than 10% of the
variance in birth weight.”*13? In this study HbA, -levels during the first and
second trimester explained 8-10% of the variance in birth weight and third trimes-
ter HbA, -levels explained 30% of the variance. Other studies indicate a much
lower explained variance near term.3?33 Fasting glucose levels, in combination with
maternal weight have been shown to explain only 12% of variance in birth weight
while mean post-prandial blood glucose levels throughout pregnancy have been
shown to explain about 40% of the variance in birth weight.313% This suggests that
post-prandial glycaemia rather than basal or mean glycaemia influences fetal growth
and size at birth, which is in agreement with our data (Figure I).

Recently it has been shown that HbA, -levels do not correlate well with 24h
glucose profiles as measured with the CGMS.?* This may explain the poor correla-
tion between HbA, -levels and infant birth weight. Moreover, it has also been
shown that post-prandial glucose peaks may not be detected by routine glucose
testing.”? So, the currently used measurement techniques appear to be inadequate
for the assessment of maternal glucose profiles during pregnancy. This might
explain the difficulties in establishing a reliable correlation between glucose control
and infant birth weight. The CGMS overcomes these problems and in pregnant
women with type 1 diabetes it has been shown that glucose levels measured with
this device closely resemble maternal plasma glucose values.’¢ It is a weakness of
the present study that only one 24h glucose profile could be included per trimester
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of pregnancy. Our data should be repeated by a study in which more often 24h
profiles are measured, especially during the second trimester of pregnancy.

During the third trimester of pregnancy glucose values were not higher in the
women who gave birth to a macrosomic infant (early and late) as compared to the
glucose profiles of women with a normal weight infant. However, the within-day
variability was significantly higher in the women with a macrosomic infant. This
suggests that also glucose variability plays a role in the aetiology of fetal macroso-
mia. Sudden increases in maternal glucose levels lead to sudden increases in fetal
insulin level, which besides normalising glucose levels, may act as a growth hor-
mone.

Pregnant women with type 1 diabetes generally are very motivated to try to achieve
(near) normoglycemia. This holds especially the periconceptional period and the
first trimester of pregnancy, since glucose control is related to the incidence of
congenital malformations. As a price to pay, the incidence of severe hypoglycaemic
episodes increases, with a hypoglycaemic coma in up to 29% of the women.?”-38 It
may well be that glucose control is somewhat loosened after the first trimester, just
when insulin resistance is increasing. This study shows that the resulting higher
glucose levels may induce macrosomia, which is already evident before 30 weeks of
gestation. To prevent excessive intra-uterine growth of these infants, glucose
regulation should be tightened, especially during the second trimester of pregnancy.
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Summary

In 1989 representatives of Government Health Departments and patient organiza-
tions from all European countries unanimously agreed upon recommendations
concerning diabetes care in Europe. One of the recommendations stated in this
Saint Vincent Declaration is that the treatment in a pregnant woman with diabetes
should be aimed at achieving a pregnancy outcome that approximates that of a non-
diabetic woman.! Meanwhile, several studies have shown that this target is currently
far from being reached, with perinatal complication rates three to six times that of
background populations.>”’ It is remarkable that these complication rates remain
high despite the achievement of ‘safe’ diabetic control as noted in international
guidelines.® These guidelines state that complication rates should be equal to those
seen in non-diabetic women when HbA, -levels are within 1% above the upper
limit of normal, but apparently that is not the case.®

We hypothesised that intermittent hyperglycaemia is the main cause of the prob-
lems seen during pregnancies of women with type 1 diabetes mellitus. It is likely
that such intermittent hyperglycaemic episodes are not reflected by HbA, -levels
since these give information on glycaemic control over a two to three-month
period.” Previous studies have shown that during pregnancy post-prandial glucose
peaks of women with type 1 diabetes are particularly high and that these peaks are
not monitored on routine testing.!%!1

A novel device for the continuous monitoring of glucose levels is the Continuous
Glucose Monitoring System (CGMS). With this system it is possible to monitor
glucose levels in the home setting every five minutes uninterrupted for 72 hours.
With the availability of the CGMS the opportunity arose to observe diurnal glucose
profiles in pregnant women with type 1 diabetes mellitus and to assess the relation
between these glucose profiles and perinatal outcome.

The CGMS measures glucose levels through electrochemical detection in the inter-
stitial fluid of the abdominal subcutaneous tissue. Research has shown that intersti-
tial glucose levels are 20-50% lower than blood glucose levels.!? Calibration of the
CGMS with capillary glucose levels enables the system to correct for this differ-
ence. However, in non-pregnant diabetic subjects the clinical performance of the
CGMS has occasionally been reported unsatisfactory.!3-1° In chapter 2 we deter-
mined the accuracy of the CGMS in pregnant women with type 1 diabetes. Two
hundred and thirty nine fingerstick blood glucose values of fifteen patients were
related to simultaneously measured CGMS glucose values. The correlation coef-
ficient between these values was 0.94 (p<0.001). Ninety-four percent of the data
pairs fell in the clinically acceptable zones of the Clarke error grid. The Clarke
error-grid describes the accuracy of glucose measurement systems over the entire
range of glucose values taking into account the clinical significance of differences
between these measurement systems.'® The clinically important differences in
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glucose values measured with the CGMS and with finger stick measurement were
all in the hypoglycaemic range.

In chapter 3 the reproducibility of the CGMS was assessed. Five pregnant women
with type 1 diabetes used two CGMS devices simultaneously. The correlation
coefficient between simultaneously measured data was 0.94 (p<0.001). Almost 80%
of the data pairs could be classified in the same glucose range (normoglycaemia,
hypoglycaemia or hyperglycaemia). In 81% of the non-concordant pairs, one
glucose value was classified in the hypoglycaemic range and the other in the
normoglycaemic range.

We concluded that the accuracy and reproducibility of the CGMS in pregnant
women with type 1 diabetes is adequate. The small degree of error found in the
hypoglycaemic range is concordant with the findings in non-pregnant diabetic
patients.!>17:18 As there was no consistent difference between the glucose values
measured with the simultaneously used CGMS devices, the cause of the errors is
most likely technical (the measurement of electrical potential created by the
reaction of glucose oxidase with glucose) or analytical (conversion of the electrical
readings into glucose levels).

Thus, the CGMS is a useful device in the management of type 1 diabetes in
pregnant women but should only be considered a supplementary tool as it occasion-
ally misleads in the hypoglycaemic range.

A major obstacle in the treatment of pregnant women with type 1 diabetes is the
lack of an internationally established definition of normoglycaemia during preg-
nancy. In chapter 4 diurnal glucose levels were measured in twelve healthy pregnant
women. These women used the CGMS once in each trimester of pregnancy and
once after pregnancy. Nighttime and fasting glucose levels decreased throughout
pregnancy and were regularly less than the lower limit of normoglycaemia outside
pregnancy (3.9 mmol/l). Post-prandial glucose values increased throughout preg-
nancy and regularly exceeded the upper limit of normoglycaemia outside pregnancy
(7.8 mmol/l).

The decrease in nocturnal glucose levels is most likely due to the fact that late
pregnancy can be considered a catabolic condition.!” During late pregnancy, liver
glycogen stores are depleted and therefore gluconeogenesis is enhanced.?? This,
combined with an increased utilization of glucose, leads to hypoglycaemia, which is
especially manifest after a period of fasting (nighttime).?!,>2

The increase in post-prandial glucose levels may be explained by a 50% decrease in
peripheral insulin sensitivity in the third trimester of pregnancy.?>->* This leads to a
decrease in glucose tolerance in late normal pregnancy. The increased maternal
post-prandial glucose levels as found in this trimester are thought to be needed to
compensate for the increasing glucose needs of the growing fetus.?6-27

Our findings may be of help in establishing the aim of treatment strategies in
pregnant women with diabetes. Treatment strategies in pregnant women with
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diabetes should be aimed at avoiding hyperglycaemia. However, since incidental
post-prandial hyperglycaemia in the third trimester of pregnancy appears to be a
normal phenomenon in healthy women, occasional post-prandial glucose elevations
(<10.0 mmol/l) are acceptable. Downside of the tightening of glycaemic control in
pregnant women with diabetes is an increase in hypoglycaemia risk.?® This risk is
likely to be highest during the night and early morning hours when, in healthy
women, glucose levels in the hypoglycaemic range are normal. The treatment of
pregnant women with diabetes should be aimed at finding a balance between tight
glycaemic control and hypoglycaemia risk.

According to the American Diabetes Association, HbA, -levels within 1% above
the upper limit of normal range (i.e. <7.0%) are considered ‘safe’ during pregnancy.
However, population studies still show increased complication rates when HbA, -
values are in between 6.0 and 7.0%.% In chapter 5 we compared continuous glucose
profiles of women with type 1 diabetes with HbA, -levels in the first trimester of
pregnancy. CGMS glucose recordings were obtained in 13 women between 7 and
15 weeks of gestation. Nine patients had HbA, -levels <7.0% while up to 41% of
the readings in these patients were <3.9 mmol/l and up to 53% of the readings
showed values =7.8 mmol/l. These findings demonstrate that HbA, -levels do not
accurately reflect the complexities of glycaemic control in women with type 1
diabetes. They also indicate that tight glycaemic control may only be accomplished
when HbA, -levels are within the normal range (4.0-6.0%).

In chapter 6 the accuracy of the limits of HbA, -levels currently used in interna-
tional guidelines is further explored by relating the glucose levels of 185 CGMS
measurement days of 43 patients to their HbA, -levels. The glucose levels mea-
sured with the CGMS were compared between patients with HbA, -levels 4.0-
6.0% (normal range), 6.0-7.0% (‘safe’ range) and >7.0% (high range). In patients
with HbA, -levels <6.0% glucose levels were significantly better than in patients
with HbA, -levels >6.0%. Glucose levels in women with HbA, -levels 6.0-7.0%
and >7.0% did not differ. These findings again indicate that treatment strategies of
pregnant women with diabetes should be aimed at achieving HbA, -levels within
the normal range (i.e. <6.0%).

To safely and effectively manage diabetes, daily self-monitoring of blood glucose
levels (SMBG) is critical.?*-3? During pregnancy SMBG is recommended at least
three times per day.>? To assess the number of SMBG that have to be obtained daily
to give an accurate idea of the glucose profile in pregnant women with diabetes,
glucose levels measured with SMBG and with the CGMS were compared between
patients with 4-5, 6-9 and =10 SMBG daily. The detection rate of hyperglycaemic
episodes was 100% if patients measured their glucose values =10 times daily. The
hypoglycaemia detection rate improved significantly when SMBG was performed
=10 times daily but did not exceed 73%. It is unlikely that biochemical detection of
hypoglycaemic episodes will ever be 100% as these often occur in the night and
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early morning hours when patients are sleeping.>*3’ It is also conceivable that in
case of symptomatic hypoglycaemia, patients will treat the hypoglycaemia before
measuring their blood glucose level.

Thus, almost normal HbA, -levels are not good enough and ‘safe’ glycaemic
control implies normoglycaemia. However, if one takes into account the increased
risk of severe hypoglycaemia encountered in the strain for normoglycaemia, this
may not always be considered ‘safe’ for the mother.283%3637 The risk and fear of a
severe hypoglycaemic episode in a pregnant woman with diabetes often hampers
the achievement of normoglycaemia.’® To find the optimal balance between tight
glycaemia and hypoglycaemia risk, accurate knowledge of daily glucose profiles is
mandatory. In order to obtain this, patients should monitor themselves at least ten
times per day. We realise that this may be difficult to achieve in clinical practice.

"To achieve normoglycaemia, fine-tuning of insulin regimens is necessary.
Adjustments in insulin regimens based on frequent SMBG or CGMS measure-
ments are only feasible if day-to-day variability is limited and could even be harmful
when day-to-day variability is large. In chapter 7 the degree of day-to-day variability
in pregnant women with type 1 diabetes was studied and the consequences on
treatment decisions was assessed. Thirty-one pregnant women with diabetes used
the CGMS for two consecutive days. Based on visual inspection of the two-day
glucose profiles, 55% of the patients were classified as having low day-to-day
variability (Mean Absolute Difference 0.92-2.33 mmol/l) and 45% of the patients
were classified as having high day-to-day variability (MAD 2.41-6.12 mmol/l).
There was no difference in maternal age and BMI, duration of diabetes, number of
self-monitored blood glucose levels, number of insulin injections, gestational age,
nutrition, physical activity, White-classification, living with children and method of
insulin administration between the patients with low or high day-to-day variability.
Women with a low day-to-day variation had a lower within-day variation and a
lower HbA, -level. High within-day variation often means alternation between
post-prandial hyperglycaemia and pre-meal hypoglycaemia. Initially we hypoth-
esised that the chance of these fluctuations occurring at the exact same time on two
consecutive days is small due to variations in rhythm of meals, exercise, sleep, etc.
However, the finding that mean MAD in the group of women with different daily
activities is almost identical to the mean MAD of women with similar daily activi-
ties on the measurement days did not confirm this.

The difference in recommendation on treatment adjustment between day 1 and day
2 of the CGMS measurement was significantly higher in the high day-to-day
variability group (p<0.01). This means that insulin adjustment based on the infor-
mation of continuous glucose monitoring is hampered by day-to-day variability in
about half the patients when they are monitored for two days.

In chapter § the usefulness of three-day compared to two-day CGMS measurements
was assessed. Evaluation of 36 three-day CGMS measurements showed that in 88%
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of the patients with low day-to-day variability between day 1 and day 2 of the
measurement, the glucose profile of the third measurement day did not differ from
that of the previous two measurement days. Two days of continuous glucose
measurement therefore seems to be enough for the identification of most patients
with a low day-to-day variability and the adjustment of insulin regimens in these
patients. In patients with high day-to-day variability between day 1 and day 2 of the
measurement, 79% had a high variability between day 2 and day 3 of the measure-
ment. In these patients the CGMS measurements can be used to increase the
awareness of variations in glucose levels leading to the adjustment of eating habits
and regularity of living pattern. It remains to be seen if a third day of measurement
is necessary when the CGMS is used for this purpose. Technically it appeared
difficult to obtain three successive technically accurate measurement days (in only
36 out of 100 measurements of 47 patients).

Day-to-day variability is a large obstacle in the treatment of pregnant women with
diabetes and future research into explanatory factors such as stress, diabetic auto-
nomic neuropathy and eating patterns should be performed. Measurements made
with the CGMS can be of help in the adjustment of insulin regimens in about half
of the pregnant women with type 1 diabetes. Two days of CGMS measurement is
generally enough to differentiate between high and low day-to-day variability and
treatment adjustments can be made in the latter group of patients.

As shown in chapters 5 and 6, HbA, -levels do not accurately reflect the complexi-
ties of glycaemic control and are poor predictors of perinatal complications in
pregnant women with type 1 diabetes. The most frequent complication is macroso-
mia of the infant.>:%7-38 In the non-diabetic population, birth weight of older
siblings has been shown to correlate with birth weight of younger siblings.>%40
Reported correlations of sibling weight in the non-diabetic population are strong
and predictive values range from 20 to 30%, whereas in women with type 1 diabetes
HbA, -levels account for less than 10% of the variance found in birth weight of
their infants.”3#! In chapter 9 the predictive value of sibling birth weight and mean
HbA, -levels during pregnancy on macrosomia was assessed in women with type 1
diabetes. Analysis of 214 pregnancies in 107 women showed birth weight of the first
born infant to be significantly related to birth weight of the second born infant,
whereby 40 to 50% of the variation in birth weight of second born-infants could be
explained by the birth weight of the first-born infant. Eighty-five percent of the
women who gave birth to a macrosomic infant, had a macrosomic infant at subse-
quent birth.

Thus, in women with type 1 diabetes, birth weight of an earlier born infant and not
HbA, -levels should be used to identify patients at risk of giving birth to a macroso-
mic infant. As macrosomia is associated with higher rates of a prolonged first and
second stage of labour, an increased risk of instrumental vaginal delivery, shoulder
dystocia, caesarean birth, third and fourth-degree perineal lacerations, postpartum
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hemorrhage, prolonged hospital stay, Apgar score <4 and admission to the special
care baby unit #-** it is important to adjust glucose regulation and obstetrical care
to the needs of these high risk patients.

So far we have shown that the relation between HbA, -levels and infant birth
weight is weak and that HbA, -levels do not accurately reflect glucose levels in
pregnant women with type 1 diabetes. As a next step we assessed the relation
between diurnal glucose profiles and infant birth weight. In chapter 10 we showed
that diurnal glucose profiles of women with diabetes who gave birth to a macroso-
mic infant were different from those who gave birth to a normal weight infant. Fifty
pregnant women with type 1 diabetes and twelve healthy pregnant women (de-
scribed in Chapter 4) used the CGMS once during each trimester of pregnancy.
The women with diabetes invariably had higher glucose levels than the healthy
women. Sixty percent of the women with diabetes gave birth to a macrosomic
infant of which 40% had growth parameters =95th centile on ultrasound before 30
weeks of gestation (early macrosomia). All of the latter infants became severely
macrosomic at birth (birth weight =97.7th centile). Of the infants whose growth
parameters on ultrasound exceeded the 95th centile after 30 weeks of gestation (late
macrosomia) only 21% became severely macrosomic at birth. The mothers of the
early macrosomic infants had significantly higher glucose levels for most of the day
during the second trimester of pregnancy compared to the women with normal
weight or late macrosomic infants. The latter two groups of women had glucose
levels within the normal range with the exception of a short period after breakfast.
The mothers of macrosomic infants (early and late) all had significant higher
within-day glucose variability in the third trimester of pregnancy than women who
gave birth to a normal weight infant. HbA, -levels were only in the third trimester
of pregnancy significantly related to infant birth weight. In all these women with
diabetes, median HbA, -levels during pregnancy did not exceed the ‘safe’ range
(6.0-7.0%).

Elevated glucose levels and glucose variability thus both play an important role in
the aetiology of infant macrosomia in pregnancies of women with type 1 diabetes.
Women at risk of giving birth to a severely macrosomic infant and thus at risk of a
number of complications during and after labour,*-** may already be identified by
elevated daytime glucose levels in the second trimester of pregnancy. Intensive
monitoring of glucose values and insulin adjustment in case of high values, there-
fore, seems especially important during the second trimester of pregnancy, when
the excessive growth of infants eventually born severely macrosomic apparently
starts.
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Conclusions and Recommendations

The Continuous Glucose Monitoring System (CGMS) is an accurate tool for
additional glucose monitoring in pregnant women with type 1 diabetes mellitus.
The occasional use of the CGMS during pregnancy in women with diabetes is of
great help in increasing the awareness of variations in glucose levels leading to the
adjustment of eating habits and regularity of living pattern. If day-to-day variations
are stable, CGMS measurements might also be a useful aid for the adjustment of
insulin regimens.

During pregnancy, the incidental fall of glucose values below the lower limit of

normoglycaemia, especially during the night, and glucose values that exceed the
upper limit of normoglycaemia, especially after breakfast in the third trimester,

appear to be a normal phenomenon in healthy women.

HbA, -levels in pregnant women with type 1 diabetes do not adequately reflect the
complexities of glycaemic control and HbA, -levels between 6.0 and 7.0% are not
‘safe’ during pregnancy. Treatment in these women should be aimed at achieving
normal HbA, -levels. A balance between normoglycaemia and hypoglycaemia risk

should be found.

Frequent self-monitoring of blood glucose levels rather than HbA, -levels should
be the main indicators of glycaemic control on which treatment strategies are based
and should be performed at least ten times a day.

Day-to-day glucose variability is a major obstacle in the treatment of pregnant
women with diabetes and obstructs adequate fine-tuning of insulin regimens in
about half the patients.

Sibling birth weight is a better predictor of macrosomia than HbA -levels.

Women with type 1 diabetes who give birth to a severely macrosomic infant have
higher glucose levels during the second trimester of pregnancy and higher glucose
variability during the third trimester of pregnancy than women with diabetes who
give birth to a normal weight infant. Tight glycaemic control, especially during the
second trimester of pregnancy, seems of great importance to prevent the occurrence
of severe macrosomia. Identification of women at high risk of giving birth to a
macrosomic infant can be achieved by the knowledge of the patients obstetrical
history and by frequent ultrasound measurements starting early in pregnancy.
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Samenvatting en Conclusies



Samenvatting

Een ongecompliceerde zwangerschap met een gezond kind als uitkomst is de
doelstelling van de behandeling van zwangere vrouwen met type 1 diabetes melli-
tus.! Helaas gaan de zwangerschappen van deze vrouwen nog gepaard met drie tot
zesmaal zoveel perinatale complicaties ten opzichte van de gezonde populatie.?”’
Dit is verbazingwekkend gezien het feit dat de diabetes bij het merendeel van deze
vrouwen goed gereguleerd is volgens internationale richtlijnen.® Deze richtlijnen
stellen dat het complicatierisico bij zwangere vrouwen met diabetes gelijk zou zijn
aan dat van de gezonde populatie wanneer het HbA, . minder dan 1% boven de
bovengrens van ‘normaal’ is.® Gezien het nog steeds verhoogde complicatierisico is
de veronderstelde ‘veilige’ HbA, -grenswaarde blijkbaar niet veilig genoeg.

De meest voor de hand liggende verklaring voor de problemen die gezien worden
tijdens zwangerschappen van vrouwen met type 1 diabetes, is het regelmatig
optreden van kortdurende hyperglycaemieén. Deze kortdurende hyperglycaemieén
worden waarschijnlijk niet weergegeven door het HbA, , aangezien dit de glucose-
regulatie over een langere periode (twee tot drie maanden) weergeeft.” Eerder
onderzoek heeft aangetoond dat tijdens de zwangerschap de post-prandiale glucose-
pieken van vrouwen met type 1 diabetes uitzonderlijk hoog zijn en dat deze picken
niet geregistreerd worden bij routinecontrole.!%!1

Een nieuw instrument voor het continu meten van glucosewaarden is het
‘Continuous Glucose Monitoring System’ (CGMS). Met dit systeem is het mogelijk
om in de thuissituatie gedurende maximaal 72 uur iedere vijf minuten een glucose-
waarde te meten in het subcutane vetweefsel. Met het beschikbaar komen van het
CGMS ontstond de mogelijkheid om bij zwangere vrouwen met type 1 diabetes 24-
uurs glucoseprofielen te bestuderen en om de relatie tussen deze profielen en de
zwangerschapsuitkomst te bepalen.

Het CGMS meet glucosespiegels door elektrochemische detectie in het interstiti€le
vocht van het onderhuidse vetweefsel van de buik. Onderzoek heeft aangetoond dat
glucosespiegels in het interstitiéle weefsel 20 tot 50% lager zijn dan bloedglucose-
spiegels.!? IJking van het CGMS met capillaire bloedglucosewaarden stelt het
systeem in staat te corrigeren voor dit verschil.

Bij niet-zwangere patiénten met diabetes is echter aangetoond dat het systeem niet
altijd naar tevredenheid werkt.!3-15 In hoofdstuk 2 hebben we de nauwkeurigheid
van het CGMS bij zwangere vrouwen met type 1 diabetes onderzocht. Van 15
patiénten zijn in totaal 239 capillaire bloedglucosewaarden gemeten en gerelateerd
aan simultaan gemeten CGMS glucosewaarden. De correlatiecoéfficiént van deze
waarden was 0.94 (p<0.001). Bij 6% van de gepaarde data werd een verschil gevon-
den dat klinisch van belang zou kunnen zijn. In alle paren waar een verschil gezien
werd wat klinische consequenties zou kunnen hebben, lag één van de waarden
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onder de hypoglycaemie-grens van 3.9 mmol/l terwijl de andere een normale
glucosewaarde was.

In hoofdstuk 3 hebben we de reproduceerbaarheid van het CGMS getoetst door het
vergelijken van de glucoseprofielen van twee gelijktijdig gedragen CGMS appara-
ten. Vijf zwangere vrouwen met type 1 diabetes hebben deelgenomen aan dit
onderzoek. De correlatiecoéfficiént van simultaan gemeten waarden was 0.94
(p<0.001). In bijna 80% van de gepaarde data konden beide waarden geclassificeerd
worden als normoglycaemisch, hypoglycaemisch of hyperglycaemisch. In 81% van
de gepaarde data die niet concordant waren, werd één waarde geclassificeerd als
normoglycaemisch en één als hypoglycaemisch.

We hebben geconcludeerd dat de nauwkeurigheid en reproduceerbaarheid van het
CGMS bij gebruik door zwangere vrouwen met type 1 diabetes adequaat zijn. De
kleine hoeveelheid fouten die het systeem maakt, wordt voornamelijk gemaakt in
het hypoglycaemische gebied hetgeen in overeenstemming is met de bevindingen
bij niet-zwangere patiénten met diabetes.!>1718 Aangezien er geen constant
verschil is tussen de glucosespiegels die gemeten zijn met gelijktijdig gedragen
CGMS apparaten, lijken de fouten veroorzaakt te worden door technische (het
meten van het elektrische signaal dat gecreéerd wordt door de reactie van glucose-
oxidase met glucose) of analytische (het omzetten van het elektrische signaal in
glucosewaarden) tekortkomingen.

Het CGMS is een apparaat dat een bijdrage kan leveren aan de behandeling van
type 1 diabetes bij zwangere vrouwen. Aangezien het systeem sporadisch misleidend
kan zijn, moet het beschouwd worden als een aanvullende methode voor het meten
van glucosewaarden.

De definitie van normoglycaemie tijdens de zwangerschap is tot op heden niet
vastgesteld. Het gebrek aan kennis omtrent de glucosehuishouding van gezonde
zwangere vrouwen belemmert de behandeling van zwangere vrouwen met diabetes.
In hoofdstuk 4 worden de 24-uurs glucoseprofielen van 12 gezonde zwangere
vrouwen beschreven. Deze vrouwen gebruikten het CGMS driemaal tijdens en een-
maal na de zwangerschap. Nachtelijke en nuchtere glucosespiegels daalden met het
vorderen van de zwangerschap. Regelmatig werden waarden beneden de onder-
grens van normoglycaemie buiten de zwangerschap (3.9 mmol/l) gemeten. Post-
prandiale glucosewaarden stegen gedurende de zwangerschap en overschreden
regelmatig de bovengrens van normoglycaemie buiten de zwangerschap (7.8 mmol/l).
De daling van nachtelijke glucosewaarden kan toegeschreven worden aan het feit
dat de tweede helft van de zwangerschap beschouwd kan worden als een katabole
toestand.!” Tijdens deze fase van de zwangerschap worden de glycogeenvoorraden
in de lever aangesproken. Dit heeft een verhoogde gluconeogenese tot gevolg
wanneer de vrouwen rusten.”’ De verhoogde gluconeogenese kan, gecombineerd
met een verhoogd glucoseverbruik, leiden tot hypoglycaemie. Deze hypoglycae-
mieén zijn het meest evident na een langere periode van vasten, zoals de nacht.?!22
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De stijging van post-prandiale glucosewaarden is het gevolg van een daling van de
insulinegevoeligheid van perifere weefsels in het derde trimester van de zwanger-
schap.?3-2% Dit leidt tot een verminderde glucosetolerantie aan het einde van de
zwangerschap. De gedachte is dat de verhoogde glucosewaarden nodig zijn om het
glucoseverbruik van de groeiende foetus te compenseren.?627

Onze bevindingen kunnen een bijdrage leveren aan het vaststellen van het doel van
de behandeling van zwangere vrouwen met type 1 diabetes. De behandeling van
deze vrouwen dient gericht te zijn op het voorkomen van hyperglycaemieén.
Sporadische post-prandiale overschrijding van de hyperglycaemie-grens is aan-
vaardbaar aangezien dit een normaal verschijnsel (tot 10.0 mmol/l) blijkt te zijn bij
gezonde zwangere vrouwen. Helaas gaat het aanscherpen van de glucoseregulatie
gepaard met een toegenomen kans op hypoglycaemieén.?® Dit risico is waarschijn-
lijk het hoogst in de nacht wanneer lage glucosewaarden ook voorkomen bij
gezonde zwangere vrouwen. De behandeling van zwangere vrouwen met diabetes
moet daarom gericht zijn op het vinden van een balans tussen de strakheid van de
glucoseregulatie en de kans op hypoglycaemieén.

Volgens de American Diabetes Association zijn HbA, -waarden binnen 1% boven
‘normaal’ (m.a.w. 6.0-7.0%) ‘veilig’ tijdens de zwangerschap. Populatiestudies laten
echter zien dat er nog steeds verhoogde aantallen complicaties zijn bij vrouwen met
‘veilige’ HbA | -waarden.® In hoofdstuk 5 hebben we de glucoseprofielen van zwan-
gere vrouwen met type 1 diabetes in het eerste trimester van de zwangerschap
vergeleken met hun HbA, -waarden. CGMS glucoseprofielen werden verkregen
van 13 vrouwen met een zwangerschapsduur tussen 7 en 15 weken. Negen patién-
ten hadden een HbA, <7.0% terwijl 41% van de metingen een glucosewaarde
<3.9 mmol/l en 53% van de metingen een glucosewaarde =7.8 mmol/l weergaf.
Ten eerste laten deze bevindingen zien dat HbA, -waarden geen adequate weergave
zijn van de complexiteit van glucoseprofielen bij zwangere vrouwen met type 1
diabetes. Ten tweede wijzen deze resultaten erop dat patiénten pas scherp zijn
ingesteld wanneer het HbA, _ echt ‘normaal’ is (4.0-6.0%).

In hoofdstuk 6 worden de HbA | -grenswaarden zoals die momenteel gebruikt
worden in internationale richtlijnen, verder geéxploreerd door het relateren van de
glucoseprofielen van 185 CGMS meetdagen van 43 vrouwen met hun HbA, -
waarden. De glucoseprofielen werden vergeleken tussen vrouwen met een ‘normaal’
HbA, , een ‘veilig’ HbA, _en een ‘verhoogd’ HbA,  (>7.0%). De glucoseprofielen
van vrouwen met een ‘normaal’ FIbA|  waren significant beter dan die van vrouwen
met een ‘veilig’ of een ‘verhoogd’ HbA, . Er was geen verschil tussen de glucose-
profielen van vrouwen met een ‘veilig’ of een ‘verhoogd’ HbA, .. Deze bevindingen
geven wederom aan dat de behandeling van diabetes bij zwangere vrouwen gericht
moet zijn op het bereiken van normale HbA, -waarden.

Voor de behandeling van diabetes is het regelmatig zelf meten van capillaire
bloedglucosewaarden (SMBG) van groot belang.??-32 Een minimum van drie
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SMBG per dag wordt aanbevolen tijdens de zwangerschap van vrouwen met
diabetes.’> Om te bepalen welk aantal SMBG per dag nodig is om een reéel beeld
te krijgen van het dagelijkse glucoseprofiel, hebben we de glucoseprofielen die
gemeten zijn door middel van SMBG en met het CGMS vergeleken tussen
vrouwen met 4-5, 6-9 en =10 SMBG per dag. De detectie van hyperglycaemische
episodes is 100% wanneer vrouwen zich minimaal 10 keer per dag meten. De
detectie van hypoglycaemische episodes verbetert significant wanneer vrouwen zich
minimaal 10 maal per dag meten maar is maximaal 73 %. Het is onwaarschijnlijk dat
de detectie van hypoglycaemieén 100% wordt, aangezien veel hypoglycaemische
episodes ‘s nachts plaatsvinden terwijl de vrouwen slapen.’*3’

Kortom, bijna ‘normale’ HbA, -waarden zijn niet goed genoeg. ‘Veilige’ glucose-
regulatie zou gedefinieérd moeten worden als normoglycaemie. Als men echter de
verhoogde kans op ernstige hypoglycaemieén in gedachten neemt die gepaard gaat
met het strak instellen van de diabetes, kan normoglycaemie niet altijd als ‘veilig’
voor de moeder beschouwd worden.?83436:37 Om de optimale balans te kunnen
vinden tussen scherpe diabetesinstelling en de kans op hypoglycaemieén, is nauw-
keurige kennis van het dagelijkse glucoseprofiel noodzakelijk. Om dit te bereiken
moeten vrouwen zich minimaal 10 maal per dag meten. Wij realiseren ons dat dit in
de praktijk niet altijd haalbaar zal zijn.

Om normoglycaemie te bereiken, is het nauwkeurig afstellen van insulineschema’s
noodzakelijk. Het afstellen van insulineschema’s op basis van regelmatige SMBG
of CGMS metingen is alleen haalbaar wanneer de verschillen tussen de glucose-
profielen op opeenvolgende dagen (dag-tot-dag variabiliteit) klein zijn. In
hoofdstuk 7 hebben we de glucose dag-tot-dag variabiliteit van zwangere vrouwen
met type 1 diabetes bestudeerd. We hebben tevens gekeken naar de effecten van
deze variabiliteit op de behandeling. Eénendertig zwangere vrouwen met diabetes
hebben het CGMS twee opeenvolgende dagen gebruikt. Op basis van visuele
inspectie van de tweedaagse glucoseprofielen, werd 55% van de vrouwen geclassifi-
ceerd als hebbende lage dag-tot-dag variabiliteit (Mean Absolute Difference 0.92-
2.33 mmol/l) en werd 45% geclassificeerd als hebbende hoge dag-tot-dag variabili-
teit (MAD 2.41-6.12 mmol/l). Er is geen invloed gevonden van maternale leeftijd
en BMI, duur van de diabetes, White-classificatie, aantal SMBG en aantal insuline
injecties per dag, zwangerschapsduur, voeding, lichaamsbeweging, het samenwonen
met kinderen en methode van insulinetoediening op het optreden van lage of hoge
dag-tot-dag variabiliteit. Vrouwen met hoge dag-tot-dag variabiliteit hebben
significant hogere schommelingen gedurende de dag en hogere HbA | -waarden
dan vrouwen met lage dag-tot-dag variabiliteit. Het verschil in behandeladvies op
basis van de glucoseprofielen van dag 1 of dag 2 van de CGMS meting was signifi-
cant hoger in de groep vrouwen met hoge dag-tot-dag variabiliteit (p<0.01) vergele-
ken met de groep vrouwen met lage dag-tot-dag variabiliteit. Dit betekent dat het
aanpassen van insulineschema’s bij ongeveer de helft van de vrouwen belemmerd
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wordt door hoge dag-tot-dag variabiliteit.

In hoofdstuk 8 is bepaald wat de meerwaarde is van driedaagse ten opzichte van
tweedaagse CGMS metingen. De evaluatie van 36 driedaagse CGMS metingen liet
zien dat in 88% van de vrouwen met lage dag-tot-dag variabiliteit tussen dag 1 en
dag 2 van de meting, het glucoseprofiel van dag 3 niet verschilde van dat van dag 2.
Een tweedaagse CGMS meting lijkt daarom voldoende om vrouwen met lage dag-
tot-dag variabiliteit te identificeren. Bij de vrouwen met een hoge dag-tot-dag
variabiliteit tussen dag 1 en dag 2 van de meting, had 79% ook een hoge variabili-
teit tussen dag 2 en dag 3 van de meting. Bij deze vrouwen kan de CGMS meting
gebruikt worden voor het verhogen van het inzicht in de glucoseregulatie en zal dat
hopelijk leiden tot aanpassingen in het eetgedrag en de leefgewoonten. Technisch
bleek het niet altijd mogelijk om drie onafgebroken opeenvolgende meetdagen te
verkrijgen (in slechts 36 uit 100 metingen van 47 vrouwen).

Dag-tot-dag variabiliteit is een probleem bij de behandeling van zwangere vrouwen
met diabetes en verder onderzoek naar verklarende factoren zoals stress, diabetische
neuropathie en eetgewoonten dient verricht te worden. Tweedaagse metingen zijn
over het algemeen voldoende om te kunnen differentiéren tussen vrouwen met lage
en hoge dag-tot-dag variabiliteit. Ongeveer de helft van de zwangere vrouwen met
type 1 diabetes heeft lage dag-tot-dag variabiliteit. Aanpassingen in insulinesche-
ma’s op basis van de CGMS meting kunnen veilig gedaan worden bij deze vrouwen.

De meest voorkomende complicatie geassocieerd met zwangerschappen van
vrouwen met diabetes is macrosomie van het kind (geboortegewicht =905 percen-
tiel).>6738 In de gezonde populatie is aangetoond dat de correlatie tussen geboorte-
gewicht van broers en/of zussen sterk is. De voorspellende waarde van het geboor-
tegewicht van een eerder geborene op het geboortegewicht van later geborenen ligt
tussen de 20 en 30%.3%% Bij vrouwen met type 1 diabetes is de voorspellende
waarde van het HbA,  op het geboortegewicht van hun kinderen niet meer dan
10%.7*! In hoofdstuk 9 worden de voorspellende waarde van het geboortegewicht
van eerder geborenen en van het gemiddelde HbA, van de moeder tijdens de
zwangerschap op het geboortegewicht van kinderen van vrouwen met type 1
diabetes onderzocht. Analyse van 214 zwangerschappen van 107 vrouwen met type
1 diabetes laat zien dat het geboortegewicht van een tweede kind significant
gerelateerd is aan het geboortegewicht van een eerder geboren kind. Veertig tot
vijftig procent van de variantie in geboortegewicht van tweede kinderen kan
verklaard worden door het geboortegewicht van het eerste kind. Vijfentachtig
procent van de vrouwen die een extreem macrosoom kind (geboortegewicht
=>97.75 percentiel) kregen, zette bij de volgende zwangerschap opnieuw een
extreem macrosoom kind op de wereld. Er werd geen significante correlatie
gevonden tussen gemiddeld HbA,  en geboortegewicht.

Bij vrouwen met type 1 diabetes zou het geboortegewicht van eerdere kinderen en
niet het HHbA | gebruikt moeten worden voor het identificeren van patiénten met
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een verhoogd risico op het krijgen van een macrosoom kind. Het baren van een
macrosoom kind gaat gepaard met een verhoogde kans op een scala aan complica-
ties: langdurige partus, kunstverlossingen, schouderdystocie, sectio caesaria, Apgar
score <4 en opname van het kind op de kinderafdeling.*-** Het tijdig identificeren
van patiénten met een verhoogd risico op deze complicaties met als gevolg het
afstemmen van de glucoseregulatie en de obstetrische behandeling op de indivi-
duele behoeften van de patiént, is daarom van groot belang.

Tot dusver hebben we aangetoond dat de relatie tussen het HbA,  en het geboorte-
gewicht van kinderen van vrouwen met diabetes zwak is en dat het HbA, _ geen
goede weergave is van de complexiteit van de glucosehuishouding bij deze vrouwen.
De volgende stap was het bepalen van de relatie tussen glucoseprofielen en het
geboortegewicht van het kind. In hoofdstuk 10 laten we zien dat het 24-uurs gluco-
seprofiel van vrouwen met diabetes die een macrosoom kind baren anders is dan dat
van vrouwen met diabetes die een kind met een normaal geboortegewicht op de
wereld zetten. Vijftig zwangere vrouwen met type 1 diabetes en 12 gezonde zwan-
gere vrouwen (zie hoofdstuk 4) hebben ieder trimester van hun zwangerschap
eenmaal het CGMS gebruikt. Zonder uitzondering hadden de vrouwen met
diabetes hogere glucosewaarden dan de gezonde zwangere vrouwen. Zestig procent
van de vrouwen met diabetes kreeg een macrosoom kind. Van deze kinderen was
40% ‘vroeg macrosoom’ (groeiparameters =955 percentiel bij echografische
controle bij een zwangerschapsduur <30 weken). Al deze kinderen waren extreem
macrosoom bij geboorte. Slechts 21% van de kinderen met ‘late macrosomie’
(verhoogde groeiparameters bij echografische controle >30 weken) was extreem
macrosoom bij de geboorte. Alle vrouwen die een vroeg macrosoom kind kregen,
hadden in het tweede trimester gedurende een groot gedeelte van de dag verhoogde
glucosewaarden. De vrouwen die een laat macrosoom kind of een kind met een
normaal geboortegewicht kregen, hadden in dit trimester normale glucosewaarden.
In het derde trimester hadden de vrouwen die een macrosoom kind kregen allen
significant hogere schommelingen gedurende de dag vergeleken met de vrouwen
met diabetes die een kind met een normaal gewicht kregen. Alleen in het derde
trimester van de zwangerschap waren de HbA, -waarden significant gerelateerd aan
het geboortegewicht van het kind (r=0.554, p<0.01). Bij alle vrouwen met diabetes
was de mediane HbA -waarde niet hoger dan 7.0% en dus ‘veilig’.

Verhoogde glucosewaarden en glucoseschommelingen spelen dus beide een rol bij
het ontstaan van macrosomie bij kinderen van vrouwen met type 1 diabetes.
Vrouwen die het risico lopen een macrosoom kind te krijgen kunnen worden
geidentificeerd door verhoogde glucosewaarden in het tweede trimester van de
zwangerschap. Intensieve controle van glucosewaarden en insuline-aanpassingen bij
verhoogde waarden zijn daarom met name belangrijk in het tweede trimester van de
zwangerschap als men excessieve groei van de foetus en de daaraan verbonden
complicaties wil voorkomen.*>-#*
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Het ‘Continuous Glucose Monitoring System’ (CGMS) kan een bijdrage leveren
aan de behandeling van type 1 diabetes bij zwangere vrouwen. Het gebruik van het
CGMS tijdens de zwangerschap verhoogt het inzicht in de glucoseregulatie wat kan
leiden tot aanpassingen in eetgedrag en leefgewoonten. Als de schommelingen in de
glucoseprofielen op opeenvolgende dagen klein zijn, kan het systeem ook gebruikt
worden voor aanpassingen in insulineschema’s.

Glucosewaarden onder de hypoglycaemie-grens, met name ‘s nachts, en spora-
dische post-prandiale overschrijdingen van de hyperglycaemie-grens (tot 10.0
mmol/l) zijn normaal tijdens de zwangerschap van gezonde vrouwen.

HbA, -waarden van zwangere vrouwen met type 1 diabetes geven niet de complexi-
teit weer van de dagelijkse glucoseprofielen. Bij deze vrouwen dient gestreefd te
worden naar normale HbA -waarden. De behandeling van zwangere vrouwen met
type 1 diabetes dient gericht te zijn op het vinden van een balans tussen de strak-
heid van de glucoseregulatie en de kans op hypoglycaemieén.

De behandeling van zwangere vrouwen met type 1 diabetes dient gebaseerd te zijn
op een nauwkeurige weergave van de dagelijkse glucoseprofielen. De meest nauw-
keurige weergave wordt verkregen door het regelmatig zelf meten, minimaal tien
maal per dag, van capillaire bloedglucosewaarden.

Grote verschillen tussen de glucoseprofielen op opeenvolgende dagen is een
probleem bij de behandeling van zwangere vrouwen met type 1 diabetes. Deze
verschillen belemmeren de afstelling van insulineschema’s. Dit komt bij de helft van
de zwangere vrouwen met type 1 diabetes voor.

Het geboortegewicht van eerdere kinderen is een betere voorspeller voor het
optreden van macrosomie dan het HbA, .

Vrouwen met type 1 diabetes die een extreem macrosoom kind krijgen, hadden
verhoogde glucosewaarden in het tweede trimester van de zwangerschap en ver-
hoogde glucosevariabiliteit in het derde trimester van de zwangerschap. Om
excessieve groei van de foetus te voorkomen is strakke regulatie van de diabetes
tijdens de zwangerschap, en dan vooral tijdens het tweede trimester, van groot
belang.
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