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ABSTRACT

Glycated albumin (GA) may be a useful biomarker of glycemia in pregnancy. The aim of this study
was to establish the reference interval (Rl) for GA, analyzed by liquid chromatography-tandem mass
spectrometry (LC-MS/MS), in healthy, nulliparous pregnant women. In addition, we assessed the accur-
acy of GA and glycated hemoglobin Alc (HbA1c) in the diagnosis of gestational diabetes mellitus
(GDM). Finally, we explored the prevalence of GDM in healthy nulliparas, comparing three diagnostic
guidelines (WHO-1999, WHO-2013 and the Norwegian guideline). The study was carried out at
Stavanger University Hospital, Norway, and included a study population of 147 pregnant nulliparous
women. An oral glucose tolerance test (OGTT) was performed and used as the gold standard for GDM
diagnosis. Blood samples for analysis of GA and HbA1c were collected at pregnancy week 24-28. A
nonparametric approach was chosen for Rl calculation, and receiver operating characteristic (ROC)
curves were used to evaluate the diagnostic performance of GA and HbA1c. The established Rl for GA
in 121 pregnant women was 7.1-11.6%. The area under the ROC curves (AUCs) were 0.531 (GA) and
0.627 (HbA1c). According to the WHO-1999, WHO-2013 and the Norwegian guideline, respectively, 24
(16%), 36 (24%) and 21 (14%) women were diagnosed with GDM. Only nine women (6%) fulfilled the
GDM-criteria of all guidelines. In conclusion, we established the first LC-MS/MS-based Rl for GA in
pregnant women. At pregnancy weeks 24-28, neither GA nor HbAlc discriminated between those
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with and without GDM. Different women were diagnosed with GDM using the three guidelines.

Introduction

Hyperglycemia is among the most common medical compli-
cations in pregnancy and is classified as either diabetes in
pregnancy (DIP) or gestational diabetes mellitus (GDM) [1].
In Europe, GDM prevalence is around 5-10%, depending
on screening strategy, diagnostic criteria and study popula-
tion [2]. GDM is associated with adverse maternal-fetal out-
comes in the short and long term [3].

Since 2010, the International Association of Diabetes and
Pregnancy Study Groups (IADPSG) have advocated univer-
sal GDM screening of all pregnant women [4]. There is,
however, no international consensus on the diagnosis [5]. In
2017, a Norwegian GDM guideline was published [6], rec-
ommending almost universal screening with an oral glucose
tolerance test (OGTT) during pregnancy weeks 24-28. New
criteria for GDM diagnosis were established, with fasting

plasma glucose (FPG) 5.3-6.9 mmol/l and/or 2h plasma glu-
cose (2hPG) 9.0-11.0 mmol/l. Until 2017, selective screening
of high-risk women and the GDM diagnostic criteria
according to the WHO-1999 guideline was used in
Norway [7].

Despite low reproducibility and high coefficients of vari-
ation (CV) [8,9], the OGTT remains the gold standard test
for diagnosing GDM. However, the IADPSG predicts that
simpler and more cost-effective strategies as FPG or markers
of short-term glycemia will replace the OGTT in the future
[4]. Glycated hemoglobin Alc (HbAlc) reflects mean gly-
cemia over the preceding 8-12 weeks [10] and has been the
principal diagnostic test for diabetes mellitus for the last
decade [11]. Other factors than glycemia, e.g. altered
erythrocyte turnover [12], may influence HbAlc level. In
addition, there are clinical settings, among them pregnancy,
where HbAlc has limitations [13]. In a recent meta-analysis
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exploring the accuracy of HbAlc in diagnosing GDM, the
authors concluded that HbAlc has high specificity, but low
sensitivity [14].

Glycated albumin (GA), a biomarker of glycemia reflect-
ing short-term (2-4 weeks) glycemic control, has been sug-
gested as a supplement to HbAlc [15]. In diabetic
pregnancies, where strict glycemic control is important to
reduce the risk of adverse maternal/fetal outcomes, a marker
reflecting recent glycemic status is preferable. Elevated GA
level is seen in pregnancies complicated by GDM and has
been associated with adverse outcomes [16,17]. However,
the role of GA in monitoring glycemic control in diabetic
pregnancies and as a diagnostic test of GDM, is still contro-
versial. The reference interval (RI) for GA in healthy preg-
nant women is not well defined. A few studies have
reported the RI for GA (using enzymatic methodology) in
Asian pregnant women [18,19]. To our knowledge, only one
study has established a RI for GA in a healthy Caucasian
pregnant population [20]. Recently, a new high-throughput
method for GA measurement utilizing liquid chromatog-
raphy-tandem mass spectrometry (LC-MS/MS) was devel-
oped in our laboratory [21]. Prior to assess the potential
clinical role of GA as a biomarker of glycemia in pregnancy,
establishment of a RI in a pregnant population
is mandatory.

The aim of this study was to establish the RI for GA,
analyzed by LC-MS/MS, in healthy, nulliparous pregnant
women at pregnancy weeks 24-28. In addition, we evaluated
the diagnostic accuracy of GA and HbAlc in the diagnosis
of GDM, using the OGTT as the gold standard. Finally, we
explored the prevalence of GDM among healthy nulliparas
using the diagnostic criteria from three different GDM-
guidelines: WHO-1999, WHO-2013 and the newer
Norwegian guideline (Norway-2017).

Materials and methods
Study setting

This cross-sectional study was conducted at Stavanger
University Hospital, Norway, in 2017-2018. Women were
asked to participate in the study when they met for routine
second-trimester ultrasound examination around pregnancy
week 18. Inclusion criteria were nulliparous women >
25years with singleton pregnancies, not previously diag-
nosed with diabetes. According to the Norway-2017 guide-
line, these women are recommended to have an OGTT at
pregnancy weeks 24-28. A one-step 75g OGTT was per-
formed at the Clinical Trial Ward in the morning after an
overnight fast [6]. In addition to GA and HbAlc, thyroid
and iron status were assessed, as abnormal thyroid function
is known to influence GA [15] and iron deficiency may
increase HbAlc [12].

All participating women answered a questionnaire in
which age, ethnicity, pre-pregnancy weight, height, weight
gain in pregnancy to date, family history of diabetes, smok-
ing and tobacco use, chronic illnesses, medication and sup-
plement use were recorded. Weight and height were used to
calculate BMI (kg/m?). Information concerning pregnancy

outcome, such as weight gain in pregnancy, preeclampsia,
hypertension, induction of labor, operative vaginal delivery,
cesarean section, birth weight and Apgar score, and admis-
sion to the neonatal intensive care unit were collected from
medical records after delivery. Frequencies of small for ges-
tational age and large for gestational age babies were calcu-
lated using the 10th and 90th percentile according to
Gjessing et al. [22].

The women diagnosed with GDM according to the
Norway-2017 guideline were informed about the diagnosis
and advised to contact their general practitioner for follow-
up. Within two weeks of the OGTT, all women with GDM
attended a workshop with an endocrinologist, clinical nutri-
tionist and diabetes nurse at Stavanger University Hospital.
The target for glycemic control throughout the remainder of
pregnancy was FPG < 5.3 mmol/L and 2h postprandial glu-
cose < 6.7mmol/L. In cases were glycemic control was not
achieved by diet or lifestyle changes, anti-diabetic medica-
tion was initiated by an endocrinologist. All women with
ferritin level < 15 ug/L were recommended iron substitu-
tion. Women with GDM were offered a follow-up consult-
ation at the hospital, including ultrasound examination and
repeat blood tests at gestational weeks 36-38. Their blood
glucose measurements from time of diagnosis until follow-
up were retrieved from Diasend (Glooko Inc., Mountain
View, CA).

The prevalence of GDM in our study population was
assessed using the three different diagnostic guidelines;
WHO-1999 (FPG > 7.0mmol/L or 2hPG > 7.8 mmol/L),
WHO-2013 (FPG 5.1-6.9mmol/L, 1h plasma glucose
(1hPG) > 10.0 mmol/L and/or 2hPG 8.5-11.0 mmol/L) and
finally, the Norway-2017 guideline.

LC-MS/MS analysis

Blood samples for GA were collected in serum gel tubes,
stored at room temperature for 30 min, centrifuged at 2500 g
to obtain serum, and stored at —75°C until used. A recently
developed LC-MS/MS method was used for GA measure-
ment [21]. GA is measured by the relative degree of glyca-
tion of the N-terminus lysine (K) of KQTALVELVK, a
proteotypic peptide of human serum albumin obtained by
enzymatic digestion with trypsin. The glycation of lysine
(525K) is the most frequently reported glycation site on
human serum albumin [23]. The percentage of GA is esti-
mated by neat peak area response of glycated peptide div-
ided by the sum of glycated and non-glycated peptide using
full scan nano-LC-MS.

Since 2016, this method has been implemented in routine
use for complementing the HbAlc assay and assisting in
diabetes detection and monitoring. The method is applied
as previously published, but with a few modifications. Robot
pipetting is now with an EVO Freedom 150 liquid handling
robot (Tecan, Mannedorf, Switzerland) and basically 2 uL
serum is mixed with 450 uL. TRIS-formate buffer (50 mM,
pH 7.6) followed by mixing and discarding 400 pL. To this
diluted sample the following was added: 10puL of trypsin
(0.05-0.06 pg/pL with 25-30mM Ca) mg/mL) and 190 pL
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Table 1. Characteristics of the reference population (n=121).

Variable Mean (SD) or %
Age (years) 30.6 (3.7)
European ethnicity 91.7
Non-European ethnicity 83
First-degree relative with diabetes mellitus 20.7
Smoking 0.8
Pre-pregnancy BMI (kg/m?) 23.7 (4.6)
Creatinine (umol/L) 49.5 (7.4)
eGFR (mL/min/1.73 m?) 125.7 (8.0)
TSH (mIU/L) 1.7 (0.9)
fT4 (pmol/L) 10.9 (1.0)
HbA1c (mmol/mol) 30.5 (2.7)
CRP (mg/L) 54 (5.2)
Glycated albumin (%)

Total reference population (n =121) 9.5 (1.1)

Pre-pregnancy BMI < 20 (n=21) 9.7 (1.2)

(

(
Pre-pregnancy BMI 20-24 (n = 68) 9.7 (1.0)
Pre-pregnancy BMI 25-29 (n=22) (1.
Pre-pregnancy BMI > 30 (n=10) 8.17 (0.7)

?p < .05 comparing the mean glycated albumin level with the mean glycated
albumin level in the other BMI-categories.

SD: Standard deviation; BMI: body mass index; eGFR: estimated glomerular fil-
tration rate using CKD-EPI Creatinine Equation; TSH: thyroid-stimulating hor-
mone; fT4: free thyroxine; HbAlc: glycated hemoglobin Alc; CRP: c-
reactive protein.

acetonitrile. The plate was capped and incubated for one
hour at 37°C, followed by 11 min centrifugation, 4000 ¢ at
4°C, and direct analysis by LC-MS/MS.

Method calibration was performed by using a commercial
quality control sample (Seronorm Liquid Level 1, Sero,
Norway) with an in-house assigned level of 13.5% GA. A
different in-house quality control sample (HK) with a mean
level of 8.91% GA was applied to monitor long-term preci-
sion, resulting in a CV of 4.0% (12months, n=57). The
level specific CV for a batch analysis was 2.0% (mean GA
level 12.1%). The normal reference range was established by
analysis of Nobida biobank serum samples and was found
to be 7.8-12.4% GA, which most likely is specific for the
laboratory of Stavanger University Hospital. Instrumental
method files for the robot pipetting and instrumental ana-
lysis, as well as an example of processed results are provided
in Supplementary material.

HbAlc was analyzed using BioRad Variant II Turbo,
high-performance LC, standardized by the International
Federation of Clinical Chemistry (IFCC) reference method
(analytical variation < 3%), and Abbott Architect c16000
was used for analysis of glucose. All analyses were per-
formed at Department for Medical Biochemistry, Stavanger
University Hospital.

Statistical analysis

To calculate the RI by the nonparametric approach, as rec-
ommended by the Clinical and Laboratory Standards
Institute (CLSI) [24], a sample size of 150 pregnant women
was chosen to ensure at least 120 healthy individuals were
included. The RI for GA was calculated using Analyse-it
version 5.65 for Microsoft Excel (Analyse-it Software Ltd,
Leeds, United Kingdom), based on the 2.5 and 97.5 percen-
tiles and corresponding 90% CI in the reference population.
The Dixon method was used for outlier detection [24].

For the diagnostic-accuracy analyses, sample size calcula-
tions were carried out with MedCalc for Windows version
17.6 (MedCalc Software, Ostend, Belgium). We estimated a
prevalence of GDM of 10%, as found in previous
Norwegian studies [25]. Previous receiver operating charac-
teristics (ROCs) analyses in the general population have
shown that the accuracy of GA is comparable to that of
HbAlc with an expected area under the ROC curve (AUC)
about 0.8 [26,27]. In women with GDM, an AUC of 0.757
for HbAlc is reported [28]. Based on these calculations,
specifying a significance level of 5%, power of 80%, GDM
prevalence of 10% and an AUC of 0.757, a sample size of at
least 110 was needed. ROC analyses were performed to
compare the diagnostic values of GA and HbAlc, consider-
ing the OGTT as the reference diagnostic test. The diagnos-
tic-accuracy analyses are in accordance with the 2015
Standards  for  reporting of diagnostic  checklist
(STARD) [29].

The statistical analyses were performed using IBM SPSS
Statistics for Windows version 26 (IBM Corp., Armonk,
NY). Continuous variables are presented as mean with
standard deviation (SD), while categorical data are presented
with number and percentage. Of 95% confidence intervals
(CIs) or SDs are given. Q-Q-plots were used to assess data
distribution and Welch’s t-interval was used in situations
where SD in one group was > 1.5 times the SD in the other
group. Student’s t-test was used to examine differences
between women with and without GDM and paired samples
t-test was performed where appropriate. A two-tailed p
value < .05 was considered statistically significant. Pearson’s
test was used for correlation analysis. One woman with pre-
pregnancy BMI 47 and 10-kg weight loss in pregnancy prior
to the OGTT was considered an outlier in the analyses of
pre-pregnancy BMI and weight gain in pregnancy, and was
removed from these analyses.

Results

In all, we included 147 women. One woman diagnosed with
diabetes mellitus in pregnancy (FPG > 7.0 and 2hPG >
11.0) was excluded from all further analyses. To establish
the RI for GA in pregnancy we followed the recommenda-
tion by the CLSI [24] and excluded women diagnosed with
GDM (n=21) and DM (n=1) according to Norway-2017.
Furthermore, we excluded four women using medication
possibly interfering with their blood glucose level (e.g. pred-
nisolone), resulting in a total reference population of 121
women. All these women had normal liver, kidney and thy-
roid function.

The characteristics of the reference population are shown
in Table 1. In the reference population, the mean GA level
was significantly lower among women with pre-pregnancy
BMI > 30 compared with GA level in women in the other
BMI categories (BMI < 20, BMI 20-24 and BMI 25-29),
p <.05 (Table 1) whereas the mean CRP level increased in
the higher two BMI categories. The RI for GA was
7.1-11.6% (Table 2). There were no outliers detected.
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Table 2. Glycated albumin reference interval in pregnant women.

n Mean 2.5 percentile (90% Cl) 97.5 percentile (90% Cl) Range (minimum-maximum)
Total reference population 121 9.5 7.1 (6.9-7.7) 11.6 (11.4-12.5) 6.9-12.5
Glycated albumin, %; Cl: confidence interval.
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Figure 1. Receiver operating characteristics (ROC) curves to assess the suitability of GA and HbA1c in the diagnosis of GDM in pregnancy weeks 24-28 using the
oral glucose tolerance test as the reference standard. The AUC value of GA was 0.531 (SE 0.065, 95% Cl 0.405-0.658) and HbA1C was 0.627 (SE 0.069, 95% Cl
0.492-0.762). GA: glycated albumin; HbA1c: glycated hemoglobin Alc; GDM: gestational diabetes mellitus; AUC: area under the ROC curve; SE: standard error; Cl:

confidence interval.

The performance of GA and HbAlc in the diagnosis of
GDM, using the OGTT as the reference diagnostic test, is
presented in Figure 1. ROC analysis showed AUC of GA
was 0.531 (p=.649), whereas AUC of HbAlc was 0.627
(p=.063). The correlation coefficient between GA and
HbAlc was r=—0.073 (n=146).

The numbers of women diagnosed with GDM were 24
(16.4%, 95% CI 10.4-22.5), 36 (24.7%, 95% CI 17.7-31.6)
and 21 (14.4%, 95% CI 8.6-20.2) according to WHO-1999,
WHO-2013 and Norway-2017, respectively. Among the 21
women diagnosed with GDM according to Norway-2017, 15
(71.4%) had FPG > 5.3 mmol/L as the only diagnostic cri-
terion. In contrast, the 24 women diagnosed using WHO-
1999 criteria had elevated 2hPG > 7.8 mmol/L. The charac-
teristics of women with and without GDM diagnosed by
Norway-2017 are presented in Table 3, while characteristics
of women with and without GDM according to WHO-1999,
WHO-2013 and Norway-2017 are provided in Supplemental
Table 1.

Figure 2 shows an Euler diagram illustrating the number
of women diagnosed by each guideline. Only nine women

(6.2%) fulfilled the GDM criteria in all three guidelines. In
these nine women, hyperglycemia was more pronounced
and all glucose values at the OGTT were higher compared
with those for the rest of the study population (n=137).
Comparing these two groups, the mean FPG, 1hPG and
2hPG were 5.1 mmol/L (SD 0.4) vs. 4.8 mmol/L (SD 0.3),
9.8 mmol/L (SD 0.9) vs. 6.8 mmol/L (SD 1.6) and 9.0 mmol/
L (SD 0.8) vs. 5.9 mmol/L (SD 1.3), respectively (all p <.05).
There was no significant difference in mean GA level or
HbA1c level between these two groups.

There was no significant difference in mean GA level or
HbA1lc level between women with and without GDM, diag-
nosed by Norway-2017 at the OGTT. 18 of 21 women with
GDM met for follow-up consultation around pregnancy
week 37, and in these, the mean GA level was significantly
lower than at the time of diagnosis: 9.1% (SD 0.95) vs. 9.6%
(SD 0.97), whereas mean HbAlc level was significantly
higher: 33.4 mmol/mol (SD 2.6) vs. 31.9 mmol/mol (SD 3.5)
(Figure 3(A,B)). In addition, the mean hemoglobin level
increased from 11.6g/dL (SD 0.7) to 12.4g/dL (SD 0.8),
whereas the mean ferritin level remained low and showed
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Table 3. Characteristics of women with and without gestational diabetes mellitus (GDM).

NoGDM (n = 125) GDM (n=21) Difference (95% Cl)
Clinical characteristics Mean (SD) Mean (SD) Mean diff (95% Cl)
Age at OGTT (years) 30.6 (3.8) 31.6 (4.1) 0.9 (0.9, 2.7)
Pre-pregnancy body mass index (kg/m?) 23.5 (4.0° 247 (4.3) 1.2 (=07, 3.1)
Weight gain in pregnancy prior to OGTT (kg) 7.8 (3.0 8 (4.0) 1.0 (0.5, 2.4)
Count (%) Count (%) RR (95% Cl)
Non-European ethnicity 10 (8.0) 4 (19.0) 2.4 (0.8, 6.9)
First-degree relative with diabetes mellitus 26 (20.8) 7 (33.3) 1.6 (0.8, 3.2)
OGTT (24-28 weeks) Mean (SD) Mean (SD) Mean diff (95% Cl)
Fasting plasma glucose (mmol/L) 4.7 (0.3) 53 (0.3) 06 (0.4, 0.7)
1h plasma glucose (mmol/L) 6.6 (1.6) 8.9 (1.5) 3 (1.5, 3.0
2 h plasma glucose (mmol/L) 5.8 (1.3) 7.6 (1.5) 8 (1.2, 2.4)
HbA1c (mmol/mol) 30.5 (2.7) 31.8 (2.7) 3 (0.0, 2.5)
Glycated albumin (%) 9.5 (1.1) 9.6 (1.0) 1(-0.4, 0.6)
Pregnancy outcome Count (%) Count (%) RR (95% Cl)
Preeclampsia 4 (3.2) 0 -
Hypertension 5 (4.0 3 (14.3) 3.6 (0.9-13.8)
Preterm delivery 7 (5.6) 0
Induction of labor 29 (23.2) 8 (38.1) 1.6 (0.9, 3.1)
Elective cesarean section 5 (4.0) 3(14.3) 3 6 (0.9, 13.8)
Emergency cesarean section 13 (10.4) 3(14.3) 4 (0.4, 4.4)
Small for gestational age 20 (16.0) 2 (9.5) 06 0.2, 2.7)
Large for gestational age 8 (6.4) 2 (9.5) 5 (0.3, 6.5)
Neonatal intensive care unit 1(8.8) 3(14.3) 1 6 (0.5, 5.3)

Characteristics of women with and without gestational diabetes mellitus (GDM). Total study population n= 146 women. Data given
as mean (SD) with mean differences (95% Cl) for continuous variables and number (%) with relative risk (RR) (95% Cl) for categor-

ical data.
?One outlier is removed from the analysis.

SD: Standard deviation; Cl: confidence interval; diff: difference; OGTT: oral glucose tolerance test; HbA1c: glycated hemoglobin Alc.

WHO0-2013
n=36 WHO-1999
p¥ 7 n=24
12 9 8 7
Norway-2017 No GDM
n=21 n=103

Figure 2. Euler diagram showing the relationship between GDM diagnoses
according to the three different guidelines WHO-1999, green circle (n=24),
WHO-2013, pink circle (n=36) and Norway-2017 and violet circle (n=21).
Numbers in the three circles indicate how many women were diagnosed with
GDM according to each guideline, in both single and multiple guidelines. Total
study population n=146. GDM: gestational diabetes mellitus; WHO: World
Health Organization.

no significant difference from initial measurement (Figure
3(C,D)) despite 12 of the women being recommended iron
substitution at the OGTT. Neither did we observe any dif-
ference between mean reticulocyte count or mean reticulo-
cyte hemoglobin level at pregnancy weeks 24-28 compared
to pregnancy week 37 (data not shown).

Blood glucose data registered from women with GDM
showed good glycemic control with mean PG 5.3 mmol/l
(SD 0.4) from time of diagnosis until follow-up at preg-
nancy week 37 (Supplemental material). Only 3 of 21
women with GDM (14.3%) needed anti-diabetic medication
during pregnancy.

Discussion

This study established the first LC-MS/MS-based RI for GA
in a population of healthy women at pregnancy weeks
24-28. Before assessing the clinical potential of a biomarker,
establishment of a RI in a healthy population similar to the
population on which the biomarker is to be applied, is the
first step. In pregnancy, GA could be a supplement in the
diagnostics of GDM and in monitoring of glycemic control.
According to CLSI, the best means to establish a RI is to
collect a minimum of 120 samples from qualified reference
individuals [24]. Thus, the sample size was estimated for
this main purpose and not to assess differences between
women with and without GDM. The reference population
should be as similar as possible to the population to which
the test will be applied, with the exception of the presence
of disease [30]. Thus, we included women with various pre-
pregnancy BMIs and different ethnicities, although this was
not done in other RI studies for GA in pregnancy [18,19].
According to the Medical Birth Registry of Norway, one out
of three pregnant women has pre-pregnancy BMI > 25
[31]. Therefore, excluding this group from the reference
population would not reflect the ‘normal’ pregnant popula-
tion. We established the RI of GA in pregnancy weeks
24-28, as this is the recommended screening period
for GDM.
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Figure 3. Box plot of glycated albumin level (A), HbA1c level (B), hemoglobin level (C) and ferritin level (D) in women with gestational diabetes mellitus at preg-

nancy weeks 24-28 and 36-38 (n = 18). HbA1c: glycated hemoglobin Alc.

In this study, the RI for GA in pregnant women analyzed
by LC-MS/MS was 7.1-11.6%, which is somewhat lower
than the RI reported from our laboratory in non-pregnant
women (7.8-12.4%). Hiramatsu et al. showed that the RI for
GA in healthy Japanese pregnant women was 11.5-15.7%
[18], whereas in Chinese pregnant women, a GA RI of
9.2-14.6% is established [17]. Both these studies used an
enzymatic method for GA analysis [32], and women with
pre-pregnancy BMI > 25 were excluded in the Japanese
study. Other studies have shown that GA level is lower in
higher BMI categories [33]; the reasons remain unexplained,
but might be due to increased albumin turnover related to
inflammation [34]. In accordance with this, a lower GA
level was also seen in the obese group in our study popula-
tion (Table 1).

With a reported AUC of only 0.531, our study does not
support the use of GA as a diagnostic tool for GDM, which
is also in agreement with previous studies finding AUCs for
GA  comparable with ours, and in the range
0.531-0.568 [35-37].

There was no correlation between GA and HbAlc
(r=0.073) in our data set, although a strong positive correl-
ation was found outside pregnancy (r=0.84) [21]. The dif-
ference may be explained by a more homogeneous dataset
and less spread in the pregnant population, as correlations
are relative [38]. Another explanation may be the differences
between GA and HbAlc, detecting short-term and long-
term glycemia, respectively.

In our study population, the prevalence of GDM varied
from 14.4% (Norway-2017) to 24.7% (WHO-2013), and
only 6.2% fulfilled the GDM criteria in all three guidelines.
When comparing WHO-1999 and Norway-2017, which rep-
resent the previous and present diagnostic criteria used in
Norway, a corresponding prevalence was observed (16 vs.
14%). However, only nine women were diagnosed with
GDM using both guidelines (Figure 2). In a recent Dutch
study, applying the WHO-2013 criteria in a high-risk popu-
lation increased the number of GDM diagnoses from 22 to
32% (as compared to WHO-1999) [39]. Moreover, they
observed that women diagnosed on the WHO-2013 FPG-
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threshold of 5.1 mmol/L had increased risk of adverse out-
comes, supporting the use of this criterion.

The WHO-2013 criteria are based on an estimated
increased risk of adverse outcomes, using an odds ratio
(OR) of 1.75, based on the Hyperglycemia and Adverse
Pregnancy Outcome (HAPO) study [40]. The diagnostic cri-
teria in Norway-2017 use a cut-off of OR 2.0. In our study
population, an almost doubled prevalence of GDM was
observed with the use of WHO-2013 criteria compared with
the use of the Norway-2017 criteria. Unfortunately, our
sample size is too small to compare the risk of adverse out-
comes using the different guidelines. To avoid the high
WHO-2013-calculated prevalence of GDM, some have sup-
ported the use of OR 2.0 [41], which is also in agreement
with the evidence from the Maternal-Fetal Medicine Units
Network randomized trial of treatment of mild GDM [42].

In Switzerland, GDM screening includes a simplification
of the IADPSG consensus, and glucose loading in OGTT is
only performed in women with FPG in the range
4.4-5.0 mmol/L. Women with FPG > 5.1 mmol/L are diag-
nosed with GDM (‘rule-in’), whereas those with FPG <
4.4mmol/L are ‘ruled-out’. The diagnostic performance of
this strategy was evaluated in a Swiss population with a
GDM prevalence of 10.9% [43]. The authors reported a sen-
sitivity of 78.5%, and that 63.8% would have avoided the
OGTT. This finding is in contrast to Agarwal et al. who
reported a high sensitivity (95.4%) in Arab women using
the same simplification [44]. The conflicting results have
several explanations, one being the prevalence of GDM
(10.9 vs. 37.7%), another the distribution of abnormal values
on the OGTT. In our study, only 11 women (7.5%) had
FPG < 4.4mmol/L. Using the ‘rule-out/in’ strategy with
cut-off values of FPG < 4.4 and > 5.3 mmol/L respectively,
26 women (18%) would have avoided the OGTT and none
of the women with GDM according to Norway-2017 would
have been missed.

As in two Chinese studies [19,36], we did not find any
difference in mean GA when comparing women with and
without GDM at pregnancy weeks 24-28. At follow-up
around pregnancy week 37, the mean GA level was signifi-
cantly reduced from the time of diagnosis (Figure 3(A)), in
contrast to Zhu et al., who found a higher GA level in the
third trimester [36]. Exploring the role of GA in monitoring
glycemic control was not among the aims of our study;
however, a lower GA level at follow-up may reflect the good
glycemic control achieved by these women as shown in their
daily glucose monitoring (mean glucose 5.3 mmol/L).
Conversely, the HbAlc level increased in the same period,
and one might speculate whether this was because of iron
deficiency. The mean ferritin level was low both at the
OGTT and at follow-up, however, the mean hemoglobin
level increased slightly.

Others have shown that GA level is stable or decreases
throughout gestation in healthy pregnant women [18,19,36].
Unfortunately, our study design did not allow for compari-
son of GA level among women with and without GDM in
late third trimester.

Limitations to our study include that the study design
did not allow establishing trimester-specific RIs for GA.
Moreover, this was a single-center study with a limited sam-
ple size including only women > 25 years of age with single-
ton pregnancies. Multiparous women and women with
multiple gestations were not included. The majority of the
women were of Scandinavian heritage, with only 9.5% hav-
ing a non-European background, thus our findings may not
apply to all ethnicities. In addition, our sample size is too
small to conclude on pregnancy outcome.

Strengths of this study include the well-characterized
pregnant reference population, the implementation of the
OGTT on a Clinical Trial Ward, and the analysis of GA by
LC-MS/MS. This high-throughput method has shown good
reproducibility (analytical variation < 4% and a strong cor-
relation between GA and HbAlc (r=0.84)) [21]. Although
the study was carried out at Stavanger University Hospital,
the women included were unselected, living in both rural
and urban parts of our region with various socio-economic
status, representative of the pregnant population. Only three
women with GDM were lost to follow-up for repeat
blood tests.

In conclusion, the established LC-MS/MS-based RI for
GA in pregnant women was 7.1-11.6%. At pregnancy week
24-28, neither GA nor HbAlc discriminated between those
with and without GDM, thus this study does not support
the use of these biomarkers in GDM diagnosis. Finally, the
prevalence of GDM among healthy nulliparas in our study
population differs from 14.4 to 24.7% according to the vari-
ous diagnostic guidelines and only 6.2% of the women ful-
filled the GDM criteria in all three guidelines. It is time to
reach international consensus for the diagnostic criteria
of GDM.
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