DIABETES TECHNOLOGY & THERAPEUTICS
Volume 14, Number 1, 2012

© Mary Ann Liebert, Inc.

DOI: 10.1089/dia.2011.0105

Advanced Glycation End Products, Measured as Skin
Autofluorescence, at Diagnosis in Gestational Diabetes
Mellitus Compared with Normal Pregnancy

Wendela L. de Ranitz-Greven, M.D.] Dieuwke C. Bos, M.D.] Wendy K. Poucki, M.D.]
Gerard H.A. Visser, M.D., Ph.D.? Joline W.J. Beulens, Ph.D.3
Douwe H. Biesma, M.D., Ph.D.! and Harold W. de Valk, M.D., Ph.D.!

Abstract

Background: Advanced glycation end products (AGEs) are tissue proteins that accumulate with age and in
diabetes mellitus (DM). AGEs can be measured by the AGE-Reader (DiagnOptics Technologies BV, Groningen,
The Netherlands), which measures skin autofluorescence (SAF). SAF has been suggested as a measure to screen
for undiagnosed DM or impaired glucose tolerance. SAF has never been investigated in gestational DM (GDM).
Therefore we compared SAF at diagnosis in GDM patients with normal pregnancy. If SAF is elevated in GDM,
future research could focus on the possible use of the AGE-Reader as a screening method for GDM.

Methods: In this monocenter observational study SAF was measured in 60 GDM patients at diagnosis and 44
pregnant women without diabetes.

Results: SAF did not differ between GDM at diagnosis (mean [SD], 1.74 [0.31] arbitrary units) and normal
pregnancy (1.76 [0.32] arbitrary units). SAF was lower in white European patients than in patients with other
ethnicity.

Conclusions: This first study of tissue AGE accumulation in pregnancy shows no differences in SAF between
women with GDM at diagnosis and normal pregnancy. This is most likely due to mild severity and short
duration of hyperglycemia in GDM at diagnosis, but it does not exclude potential differences in SAF later in
pregnancy. However, the fact that no differences are detected at diagnosis makes it unlikely that the AGE-
Reader can be developed as a screening method for GDM in the future. Furthermore, we found that ethnicity
should be taken into account when measuring SAF.

Introduction

DVANCED GLYCATION END PRODUCTS (AGEs) are modi-

fied tissue proteins that can accumulate in different tis-
sues in the body. AGEs accumulate with age, and accelerated
accumulation is seen in conditions with glycemic or oxidative
stress.! The level of AGEs in the skin can easily be measured
by the AGE-Reader (DiagnOptics Technologies BV, Gronin-
gen, The Netherlands).? This noninvasive, quick method has
been validated with AGEs content in skin biopsy speci-
mens.>* Multiple studies have shown that skin AGEs are el-
evated in patients with diabetes mellitus (DM) type 1 and type
2 compared with controls without diabetes and that levels of
AGEs are associated with development of diabetes compli-
cations.”! Moreover, Maynard et al.'? have shown that the
AGE-Reader can be used as a screening method in detecting

diabetes; in this study undetected DM and impaired glucose
tolerance were identified more sensitively by the AGE-Reader
compared with hemoglobin Alc (HbAlc) or fasting plasma
glucose.

Gestational DM (GDM) is considered to be a mild form of
diabetes. Nevertheless, GDM is associated with an increased
incidence of maternal and fetal/neonatal complications."
Glucose levels are associated with adverse outcome in a linear
way without any obvious thresholds above which risks are
elevated.'* Recent intervention trials have shown that treat-
ment of hyperglycemia can improve pregnancy outcome.'>'®

Prior studies found elevated serum AGEs in GDM, ' but
data on tissue AGEs are lacking. The only study investigating
tissue AGEs (through skin autofluorescence [SAF]) in relation
to pregnancy showed elevated SAF in recently preeclamptic
women; however, in that study SAF was measured 6-7
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months after delivery and not during pregnancy, and patients
in this study had preeclampsia and not diabetes.*’

Thus, if the AGE-Reader can be used as a screening method
for undetected diabetes mellitus, this method could be ap-
plied in pregnancy as well. No data are available about tissue
AGEs during pregnancy or in GDM or normal pregnancies. In
this study we measured SAF in patients with GDM and in
pregnant women without diabetes. If SAF would be elevated
in GDM at diagnosis, future research could focus on the de-
velopment of the AGE-Reader as a screening method in the
detection strategy for GDM.

Patients and Methods
Study design

This single-center observational prospective study was
conducted at the outpatient clinic of the Department of Ob-
stetrics of the University Medical Center Utrecht, Utrecht, The
Netherlands. In this outpatient clinic patients are seen by an
obstetrician or midwife in a primary-, secondary-, or tertiary-
care setting. Patients with GDM are also treated by a diabetes
specialist (internal medicine) and diabetes nurse educator.
Patients were included from April 2010 until December 2010.
The study was approved by the local ethics committee, and all
subjects gave written informed consent before measurements.

Patients

The screening and diagnostic strategy in our center is based
on the recommendations of the American Diabetes Associa-
tion. The diagnosis of GDM is based on an abnormal 100-g
oral glucose tolerance test (OGTT), which is usually per-
formed between week 24 and 28 of gestation. Although in the
current guidelines a 75-g OGTT could be used, in this study
we used the 100-g OGTT. Both the 100-g and 75-g tests have
been used in The Netherlands, but during the study period
only the 100-g test was used. Subjects at increased risk for
GDM (based on risk factors) are first screened by a 50-g glu-
cose test (challenge test), which is considered abnormal when
the 1-h post-load value is 7.8 mmol/L (140 mg/L) or more. If
this challenge test is positive, a diagnostic OGTT is performed.
During this OGTT capillary blood glucose levels are mea-
sured in the fasting state and at 1, 2, and 3 h after the intake of
100 g of glucose. Patients are diagnosed with GDM if two or
more of the cutoff points are met or exceeded; normal values
for OGTT are as follows: 0h <5.3mmol/L (95mg/L), 1h
<10.0mmol/L (180mg/L), 2h <8.7mmol/L (157mg/L),
and 3h <7.8 mmol/L (140 mg/ L).?! In case of clinical suspi-
cion of GDM (fetal growth acceleration, large for gestational
age, or polyhydramnios), the 100-g OGTT is performed
without a prior screening test. GDM patients included in our
study all had a positive OGTT.

The control group of pregnant women without diabetes can
be divided into two subgroups. One group consisted of
pregnant women for whom an OGTT or challenge test was
performed because of risk factors or clinical suspicion of
GDM, but testing was negative. These women were included
if an OGTT was performed in which all four glucose values
were below the cutoff points or if a challenge test was nega-
tive.”! The other subgroup consisted of pregnant women
without any risk factor for GDM for whom an OGTT or
challenge test was not performed.
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SAF was measured in all subjects during OGTT (mean of
four values), or if measurement of SAF during OGTT was not
possible becasue of logistic reasons, SAF was measured after
OGTT (within 3 weeks). Because it was unknown which SAF
measurement we should take during OGTT, we investigated
if SAF changed during OGTT in 37 patients. This group of 37
subjects consisted of 20 GDM patients, 10 patients with only
one abnormal value at OGTT, and seven pregnant women
without diabetes. No changes in SAF were detected during
OGTT (P value for time, not significant). Furthermore, chan-
ges in SAF did not differ between the groups (P value for
time X group, not significant). Therefore the mean of four SAF
values was taken for further analysis. Inclusion criteria were
gestational age at OGTT of 20-32 weeks and sufficient
knowledge of the Dutch language. Exclusion criteria con-
sisted of preexistent type 1 or type 2 DM, renal failure (glo-
merular filtration rate <30 mL/min), preeclampsia at the time
of inclusion or in a previous pregnancy, serious infection or
hospital admission during the last 6 months, active autoim-
mune disease, current use of corticosteroids, smoking, or skin
reflectance <6% (if the percentage of reflected light by the
skin is less than 6% [usually in patients with dark brown or
black skin], then measurement by the AGE-Reader is not
possible).

All patients with GDM were treated by a diabetes specialist
and diabetes nurse educator following standard protocol
consisting of monitoring, diet, and if necessary insulin.
Pregnant women without diabetes were treated by their
midwife or obstetrician, following standard protocol.

SAF (AGE-Reader)

The level of AGEs in the skin was measured noninvasively
with the AGE-Reader, a desktop unit on which the patient
positions the volar side of the right lower arm on a light
source. The excitation light source is an ultraviolet-A black
light tube, with a wavelength between 350 and 420 nm (peak
wavelength of 370 nm), which illuminates around 2 cm? of the
skin. A spectrometer detects the reflected light from the skin
in the 420-600 nm range. SAF is calculated as the ratio of the
total emission intensity and the total excitation intensity and
expressed in arbitrary units (AU).?® The measurements of
SAF are validated against levels of AGEs (pentosidine, car-
boxymethyllysine, and carboxyethyllysine) in skin biopsy
specimens in healthy controls, in patients with diabetes, and
in patients on hemodialysis.>* Prior reproducibility studies of
repeated measurements in 25 healthy volunteers have shown
a mean relative error of 5%.** Calculations of within-subject
reproducibility from our own results using four consecutive
measurements of 37 patients (during OGTT) showed com-
parable results (coefficient of variation: 4.9%). The AGE-
Reader has been validated in patients with skin reflectance
>6%. A correction is made to the SAF value if the reflectance is
between 6% and 12%. If the reflectance is below 6%, mostly in
patients with a dark brown and black skin, measurement with
the AGE-Reader is not possible.

Clinical data

At the first visit a questionnaire was completed for baseline
characteristics such as age, ethnicity, body mass index (BMI),
obstetric history, medical history, medication, and family
history. Using standard laboratory techniques, blood was
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analyzed for HbAlc (reference value, 20—42 mmol/mol [4.0-
6.0%]) and fructosamine (reference value, <270 umol/L) at
diagnosis.

Statistics

Results are presented as mean and SD for normally dis-
tributed continuous parameters. Differences in baseline
characteristics were tested using Student’s ¢ test for continu-
ous variables and using a ¥? test for categorical variables.
Differences in mean SAF between GDM and normal preg-
nancy (all pregnant women without diabetes) were tested
using Student’s ¢ test. Differences between the GDM group
and both control subgroups were investigated using a one-
way analysis of variance. Differences in SAF between GDM
and pregnant women without diabetes were adjusted for
prespecified factors (age, BMI, time since last meal) and sig-
nificant differences in baseline characteristics, using a linear
regression model. Factors possibly associated with SAF (age,
BMLI, ethnicity [white European or other], time since last meal,
category [GDM or control], HbAlc, fructosamine at diagno-
sis, and gestational age at SAF measurement) were analyzed
using a univariate and multivariate linear regression model. A
P value of <0.05 was considered significant. Changes in SAF
during OGTT were investigated using analysis of variance for
repeated measurements.

The sample size was calculated before start of the study
using a study in recently preeclamptic women, which showed
a difference in SAF of 0.4 AU (SD 0.5).%° If the expected AGE
accumulation in GDM patients would be comparable with
preeclampsia, then at least 26 patients per group (o of 0.05 and
a power of 80%) to show a 28% difference of SAF level in
GDM patients compared with non-GDM were required. Be-
cause this study was part of a larger ongoing study investi-
gating association of SAF levels during pregnancy and
adverse pregnancy outcome, we calculated a minimum of
patients required for this substudy. The actual recruited
number of patients in this study is higher (60 GDM vs. 44
control patients), and this sample size is sufficient to detect an
even smaller difference in SAF (0.28 AU instead of 0.4 AU).

Results

A total of 153 patients signed informed consent. We in-
cluded 60 GDM patients and 44 control patients. The control
group consisted of 44 pregnant women without diabetes, in-
cluding 21 women who were confirmed by a negative OGTT,
five women who were confirmed by a negative challenge
test, and 18 pregnant women without risk factors for GDM.
Twenty patients had only one abnormal value and could
therefore not be diagnosed with GDM but could also not be
considered a control; data from these subjects were only used
for analysis of SAF during OGTT. Furthermore, we excluded
29 women who had one or more exclusion criteria: smoking
(n=14), weeks of gestation <20 or >32 (n=>5), skin reflec-
tance <6% (n=2), withdrew consent (1n=2), active autoim-
mune disease (n=1), current use of corticosteroids (n=1),
serious infection or hospital admission during the last 6
months (n=1), and control patients with risk factors, but
without confirmatory OGTT (n=3).

Baseline characteristics of GDM and control patients are
presented in Table 1. BMI was significantly lower in pregnant
women without diabetes, compared with GDM. Previous
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TABLE 1. BASELINE CHARACTERISTICS OF GESTATIONAL
DI1ABETES MELLITUS PATIENTS AND PREGNANT
ConNTrOLS WITHOUT DIABETES

GDM Pregnant women
patients without diabetes
(mn=60) (n=44)
Age (years) 32.5 (5.0) 33.4 (5.1)
BMI before pregnancy 27.6 (6.0)* 25.0 (6.3)
(kg/m?)
Ethnicity (white European/  60%22%18%  82%11%7%
Moroccan/other)
Nulliparous 43% 36%
GDM in previous pregnancy 15%* 0%
Gestational age (weeks) at
Diagnosis 27.2 (2.6) —
SAF measurement 27.8 2.7)* 26.6 (3.0)
HbA1c at diagnosis
mmol/mol 35 (3.8) —
Y% 5.3 (0.34) —
Fructosamine at 198.6 (16.7) —
diagnosis (umol/L)
Use of insulin during 25% —
pregnancy
Glucose levels at OGTT (n) 60 21
Fasting glucose 5.6 (0.7)** 4.9 (0.3)
(mmol/L) (reference <5.3)
Glucose (mmol/L) after OGTT
1h (reference <10.0) 11.4 (1.5)** 8.2 (1.1)
2h (reference <8.7) 9.6 (1.5)** 7.3 (0.8)
3h (reference <7.8) 7.6 (2.0)** 6.1 (0.9)

All data are expressed as mean (SD).

Significant difference compared with control: *P <0.05, **P < 0.001.

BMI, body mass index; GDM, gestational diabetes mellitus;
HbAlc, hemoglobin Alc; OGTT, oral glucose tolerance test; SAF,
skin autofluorescence.

GDM was more common in the GDM group as expected, and
glucose levels at OGTT of GDM patients were significantly
higher than in controls. Gestational age at SAF measurement
was 1 week longer in GDM patients.

SAF at diagnosis did not differ between GDM and preg-
nant women without diabetes: GDM, SAF=1.74 AU (0.31);
controls, SAF=1.76 AU (0.32) (Fig. 1). These results remained
unchanged after adjustment of SAF for age, BMI, time since
last meal, and gestational age at SAF measurement in a linear
model. Exclusion of the outlier in the GDM group (Fig. 1) did
not change these results. No differences were detected if SAF
of GDM patients was compared with that of either control
groups (confirmed by OGGT and/or challenge test, 1.73
[0.33]; or pregnant women without diabetes without risk
factors, 1.81 [0.30]) with one-way analysis of variance
(P=0.67).

In a linear model containing age, BMI, ethnicity (white
European or other), time since last meal, category (GDM or
control), HbAlc, fructosamine at diagnosis, and gestational
age at SAF measurement, only age and ethnicity were sig-
nificantly associated with SAF (Table 2). With every year a
patient gets older, SAF increases 0.02 AU (P <0.001). Patients
with ethnicity other than white European had a mean SAF
level that was 0.26 higher (P<0.001). Reflectance in other
ethnicities than white Europeans was lower. Therefore dif-
ferences in SAF with ethnicity were corrected for reflection in
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FIG.1. Skin autofluorescence (SAF) values in GDM patients versus pregnant women without diabetes. AU, arbitrary units.

a multivariate linear model, but this did not change the result.
The differences in SAF level between different ethnicities are
also shown in Figure 2. SAF levels in white Europeans were
lower compared with other ethnicity in both patients with
GDM and pregnant women without diabetes: GDM group,
white Europeans (1.6 AU) versus patients with another eth-
nicity (1.9 AU), P<0.001; pregnant women without diabetes,
white Europeans (1.7 AU) versus patients with other ethnicity
(1.9 AU), P=0.07. Factors such as time since last meal did not
have any significant effect on SAF (f=0.03, P=0.43).

Discussion

This is the first study investigating tissue accumulation of
AGEs, measured as SAF, in GDM patients compared with
pregnant women without diabetes. No accelerated accumu-

TABLE 2. ASSOCIATION OF SKIN AUTOFLUORESCENCE
WITH DIFFERENT PARAMETERS

Univariate Multivariate

p-coefficient P value f-coefficient P value

Age 0.02 0.001 0.02 <0.001
Ethnicity 0.25 <0.001 0.26 <0.001
Time since last food 0.03 0.43
Category 0.01 0.74
(GDM or control)
Gestational age -0.01 0.51
BMI 0.00 0.51
HbAlc at diagnosis 0.06 0.61
Fructosamine 0.00 0.56

at diagnosis

BMI, body mass index; GDM, gestational diabetes mellitus;
HbAlc, hemoglobin Alc.

lation of AGEs was found in GDM at the time of diagnosis.
SAF was lower in white European patients compared with
other ethnicities.

Unlike serum AGEs, tissue AGEs have never been mea-
sured in pregnant patients before. In contrast to our findings,
elevated serum levels of AGEs during pregnancy have been
described in GDM patients compared with pregnant women
without diabetes.'”™'° However, studies did not always show
consistent results: for example, in one study total serum AGE
levels in GDM patients were found to be increased, but levels
of a single specific AGE (carboxymethyllysine) were actually
decreased.'” In another study serum AGE levels were ele-
vated in GDM patients but not in pregnant patients with
preexistent DM, which seems contradictory because hy-
perglycemia is generally more severe and longer present in
preexistent DM than in GDM. In addition to this, the use of
different assays can be a problem in the measurements of
serum AGEs,?® and serum AGEs are not necessarily a repre-
sentation of tissue AGEs, whereas SAF has been validated by
actual tissue AGEs in skin biopsy specimens.>* Finally, most
of the studies investigating serum AGEs measured serum
AGEs in the third trimester and one also in the second tri-
mester.” "’ The mean gestational age at measurement in our
study was around 27 weeks (second trimester). Therefore we
can only conclude from our study that no differences in SAF
exist between control subjects without diabetes and GDM
patients at diagnosis (second trimester), but we cannot ex-
clude that differences may appear later in pregnancy.

But why did we not find elevated SAF in GDM in our study?
Considering that AGE accumulation, measured as SAF, has
been found in patients with diabetes (type 1 and type 2) in
many studies,®> %% the absence of a difference between GDM
patients and the control population was unexpected. Further-
more, the absolute SAF level we found for GDM patients as
well as for pregnant women without diabetes was similar to
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FIG. 2. Differences in skin autofluorescence (SAF) between patients of white European origin and patients with other

ethnicities. AU, arbitrary units.

reference levels for SAF in control subjects as has been pub-
lished before (SAF levels for control subjects at an age of 3040
years, 1.73 AU).* There are two possible explanations for the
fact that SAF levels were not elevated in GDM patients at the
time of diagnosis. First, the hyperglycemia may not have been
severe enough to cause accelerated AGE accumulation in these
GDM patients at diagnosis. GDM mostly results in mild
hyperglycemia (many patients can be treated with diet only).
However, accumulation of AGEs has been described before
in studies with mild hyperglycemia such as in adequately
regulated patients with type 2 diabetes and in patients with
only impaired glucose tolerance.®'? Second, the duration of
glycemic exposure may have been too short. The exact duration
of glycemic exposure in GDM patients at diagnosis is un-
known. It is probably no longer than several weeks because
GDM patients usually only become insulin resistant and hy-
perglycemic in the second trimester. Most studies in patients
with type 1 and type 2 diabetes have shown that duration of
diabetes is directly related to SAF.*"'! Accumulation of AGEs
has always been thought to be a slow process, but short-term
accumulation of AGEs has also been found to occur. SAF was
markedly elevated in patients admitted to the intensive care
unit (patients without diabetes) compared with healthy con-
trols.?® However, the clinical setting of the intensive care
unit suggests that AGE accumulation was due to severe non—
hyperglycemia-related oxidative stress rather than to hy-
perglycemia. The absence of evidence of accelerated AGE
accumulation at diagnosis in GDM patients does not exclude
accelerated accumulation later in pregnancy. Therefore it
would be interesting to measure SAF levels during pregnancy
in GDM patients. But the fact that SAF is not elevated at the

time of diagnosis makes it very unlikely that the AGE-Reader
can be developed as a screening method for GDM in the future.

Two factors were significantly associated with SAF: age
and ethnicity. The association between age and SAF is well
known, and although women in our study did not represent a
very wide age range, this association was still found. No prior
data exist on SAF in patients with different ethnicity. We
found that women with ethnicity other than white European
had higher SAF levels. Whether genetic factors or environ-
mental factors (for instance, nutritional habits) contribute to
this difference is unknown. In this study the differences in
SAF between ethnicity was an unexpected finding for which
this study was not designed or powered. However, because
differences were very consistent, ethnicity seems to be a factor
to take into account when measuring SAF. We did not find an
association between HbAlc and SAF. This is in contrast to
many studies in patients with type 1 and type 2 diabetes,
which have reported a positive association between these two
parameters,g_l0’27 although an absence of this association has
been described too.!! The fact that we did not find this asso-
ciation could be due to the fact that SAF and HbAlc were
measured at diagnosis, and HbAlc levels were usually
normal (mean HbAlc in our study was 35 mmol/mol [5.3%]).

We found that AGE levels did not change during OGTT,
which confirms prior literature on this topic.*® There was also
no relation between SAF and time since last meal (this was
measured in patients within 3 weeks after OGTT), which is in
contrast to prior literature in which a 10% elevation of SAF
was described following an AGE-rich meal.?®? However, in
that study the meal contained an abnormally high AGE con-
tent, whereas in our study levels were measured in patients
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measured after a normal breakfast. We showed that SAF can
be measured at any time during OGTT and at any time after
breakfast.

A few limitations of this study have to be addressed. SAF
was not measured at the day of OGTT in all patients; some
measurements were done days after diagnosis (maximum of 3
weeks) because of logistic reasons. However, separate ana-
lyses showed no differences in SAF between patients included
on the same day of the diagnosis and patients included within
3 weeks, so it seems that SAF did not change in this short
period of time. Furthermore, the exact start of hyperglycemia
in GDM is hard to establish, and at a maximum of 3 weeks
post-OGTT none of the patients included within 3 weeks had
already started insulin treatment.

Serum AGE levels were not investigated in this study. So
we cannot compare our results with serum AGE levels. This
study was specifically addressing the question if tissue AGEs
(measured by SAF) are elevated in GDM at diagnosis.

In conclusion, we showed that SAF (a measure of tissue
AGE accumulation) is not elevated in GDM pregnancies at
diagnosis compared with pregnancies without diabetes. This
could be due to the mild and short duration of hyperglycemia
present in this condition at diagnosis and does not exclude
potential differences in SAF later in pregnancy. Because we
did not find differences in SAF at diagnosis, it is unlikely that
the AGE-Reader can be developed as a screening method for
GDM in the future, although this study was not specifically
designed or powered to investigate this. Furthermore, we
found that not only age, but also ethnicity, should be taken
into account when measuring SAF.
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