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Abstract

Background: Gestational diabetes mellitus (GDM) complicates 5-6% of pregnancies, placing affected individuals at higher risk for
pregnancy-related complications and persistent metabolic and cardiovascular disorders later in life. In this study, we evaluated the
association between apolipoproteins and plasma cholesterol levels in patients with gestational diabetes compared to uncomplicated
controls over the course of pregnancy.
Methods: Plasma was prospectively collected from 311 nulligravid women during 3 time periods during pregnancy (4-12, 16-22 and
24-28 weeks gestation). Mass spectrometry and enzyme-linked immunosorbant assays (ELISA) were used to measure the relative and
absolute changes in apolipoprotein abundance. High density lipoprotein (HDL) and very low/low density lipoprotein (LDL/VLDL)
cholesterol levels were quantified by enzymatic assay. Mann Whitney U tests were used to determine statistical significance (p<0.05).
Results: Five cases of GDM were identified (mean 1-hour blood glucose concentration = 163.2 +/- 7.3 mg/dL). In the control subjects,
plasma concentrations of Apo A-II measured by ELISA marginally increased from 4-12 weeks to 24-28 weeks, while concentrations
did not significantly increase in GDM subjects. Likewise, VLDL/LDL cholesterol levels increased in the controls but not in the GDM
cohort (p=0.005). HDL cholesterol was not significantly different between cohorts. Mass spectrometry spectral patterns identified
Apo A-II dimers, Apo A-II monomers and 3 forms of Apo C-III (asialylated Apo C-III0, monosialylated Apo C-III1 and disialylated
Apo C-III2) in patient plasma. In GDM cases, Apo A-II dimers were significantly lower than controls in the second trimester (p<0.05).
While both Apo A-II monomer and asialylated Apo C-III0 increased steadily over gestational time in the control subjects (p<0.05),
GDM cases showed no statistical change in either protein between trimesters 1, 2 and 3.
Conclusions: The rate of change over gestational time for the apolipoproteins and VLDL/LDL cholesterol was significantly lower in
GDM cases than uncomplicated controls, indicating that the normal hyperlipidemia of pregnancy is disrupted in GDM. Our results
support a role for impaired lipid transport and homeostasis in GDM and may suggest a potential diagnostic and therapeutic target.
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Introduction

Approximately 5-6% of pregnancies are complicated by
gestational diabetes mellitus (GDM). The incidence of the
disease is even higher in developed countries, largely due to
the rising obesity epidemic and the number of women with a
body mass index (BMI) greater than 32 who become pregnant
[1]. Gestational diabetes is associated with an increased risk
for several maternal and fetal morbidities including stillbirth,
fetal macrosomia, shoulder dystocia, increased risk for cesarean
section and neonatal electrolyte abnormalities [2]. There is also
an increased risk of complications after pregnancy including
childhood obesity in the neonates and the development of
cardiovascular disease and diabetes in the mothers [2,3]. GDM is
characterized by glucose intolerance in previously euglycemic
individuals and is diagnosed in the late second trimester by a
glucose challenge test [2,4]. Earlier detection and treatment
has been proposed to improve maternal and fetal outcomes
in women deemed to be at increased risk for GDM, but a
consistently recommended early screening test beyond the
glucose challenge test is not currently available [5,6].

Mass spectrometry is a sensitive method for early detection of
subtle changes in the plasma proteome during pregnancy and
has the potential to identify women at risk for certain pregnancy
complications even before the onset of clinical symptoms
[7,8]. Our laboratory recently described a mass spectrometry
approach measuring post-translational modifications in maternal
apolipoproteins for preclinical diagnosis of adverse obstetric
outcomes [9]. Since GDM is characterized by a progressive
disruption in metabolic carbohydrate-lipid balance, we
hypothesized that changes in the apolipoproteins could be used
to distinguish GDM cases from controls early in pregnancy. In
this study, we prospectively compared apolipoprotein profiles
in cases of gestational diabetes and uncomplicated controls
throughout pregnancy using both biochemical and mass
spectrometry methods.

Methods
Subjects

The study was approved by the Madigan Army Medical Center
Institutional Review Board. A total of 311 nulliparous women
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were approached for study participation at their Obstetrics
intake appointment (4-12 weeks gestation). All subjects
provided informed consent. Patients were excluded from
participation if they had a history of chronic illness, had
previously delivered a live child, were transferring to a
different medical center before delivery, presented later
than 12 weeks gestation, or received infertility treatment to
achieve pregnancy.

Clinical assessment

Antenatal records were reviewed and demographic variables
at intake and obstetric outcomes after delivery were recorded.
Patient body mass index, gestational age at intake and
delivery, fetal weight at delivery, maternal weight and glucose
challenge and tolerance test results were recorded for each
subject from antenatal medical record review.

Blood collection

Blood was collected by venipuncture at 4-12, 16-22 and 24-28
weeks gestation. Plasma was isolated by centrifugation (15
minutes at 4°C, 1500 x g). Plasma was mixed with protease
inhibitor cocktail (Roche Diagnostics), aliquoted and stored
at -150°C.

Enzyme-linked immunosorbant assays

Enzyme-linked immunosorbant assays with antibodies specific
for Apolipoproteins A-II and C-III were performed according
to manufacturer specifications (Assay Pro, St Charles, MO).

doi: 10.724/2050-0866-2-22

Results

Patient characteristics

Of the 315 women approached for study participation,
311 agreed to participate and provided informed consent
(response rate of 98%). Seventy-five were not included in
the final analysis for the following reasons: withdrew from
the study (n=8), did not deliver at Madigan (n=44), electively
terminated the pregnancy (n=3), were lost to follow-up (n=18),
or were diagnosed with twins (n=2). Seven of the remaining
235 patients met the clinical diagnostic criteria for GDM (3%).
Of these GDM subjects, 4 had all 3 gestational age range
specimens available for analysis, 1 had 2 specimens (4-12
and 24-28 weeks) and 2 had only the 4-12 week specimen.
We excluded the latter 2 patients from the analysis because
longitudinal specimens were not available. Eight gestationally
age-matched subjects with uncomplicated pregnancies were
chosen as non-GDM controls. None of the women included
in either cohort had a history of a fetal loss beyond the first
trimester. Demographics of the study population are presented
in Table 1. Parameters of maternal age, gestational age of
delivery, race, gestational age at analysis, body mass index
at enrollment and mode of delivery were not statistically
different among the cohorts. Glucose tolerance tests were
significantly higher in GDM cases than control subjects (Table 1).

Total Apo A-II and Apo C-III

Total plasma concentration of apolipoproteins A-II and
C-III were determined by quantitative ELISA (Table 2) in
first trimester and at diagnosis for GDM (24-28 weeks).
Cholesterol quantification enzymatic assay
Concentrations are reported as the median (95% confidence
VLDL/LDL and HDL cholesterol were quantified by colorimetric interval) at 4-12 weeks and 24-28 weeks. The rate of change
quantitative enzyme assay according to the manufacturer’s over gestational time approached statistical significance
instructions (BioVision, Milpitas, CA).
for Apo A-II concentrations (p=0.052, U=21.5) in the control
subjects, but was not statistically significant in GDM subjects
Surface-enhanced laser desorption/ionization time-of- (p=0.653, U=20.5). Concentrations of Apo C-III increased
flight mass spectrometry
significantly over gestational time in both GDM (p=0.006,
Plasma was spotted in duplicate on weak cation exchange array U=12) and control subjects (p=0.0003, U=8)). There was no
surfaces, incubated for 30 minutes, then washed to remove statistical difference between the controls and GDM subjects
unbound proteins. Sinapinic acid matrix was applied and at any gestational time.
proteins were desorbed from array surfaces using empirically
determined laser energies. Time of flight from array surface Cholesterol quantification
to detector was measured and converted to protein mass by VLDL/LDL and HDL cholesterol were quantified at 4-12 weeks
interpolation to calibrant standard curves. Apolipoprotein and 24-28 weeks (Table 3). VLDL/LDL cholesterol was slightly
subtypes were identified by comparing empirically derived elevated in GDM subjects relative to controls at 4-12 weeks
accurate masses with spectra reported in the literature as and significantly lower than controls at 24-28 weeks. VLDL/
described [7,9,10].
LDL cholesterol increased between age ranges in both groups,
but the rate of change was significantly higher in non-GDM
Statistical analysis
controls (p=0.00415, U=1) than in GDM cases (p=0.149, U=7)
Graphpad Prism (GraphPad Software, San Diego, CA) was (Table 3). The increase in HDL cholesterol over gestational
used to calculate statistical significance, with an α of 0.05 time was likewise greater in controls than in GDM subjects,
set as statistical significance. Repeated measures analysis of but the difference was not statistically significant (Table 3).
variance (ANOVA) was used to determine differences among Total concentrations of HDL were comparable at 4-12 weeks
longitudinal cohorts. Mann-Whitney U tests were used to but marginally lower in GDM subjects than controls at 24-28
calculate differences among single variables.
weeks.
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Table 1. Demographics of the study population*
Non GDM
Controls (n=8)

GDM (n=5)

P value**

U value
(critical U**)

Maternal Age (years)

24 (2)

25 (5)

>0.05

16 (8)

Gestational Age of
Delivery

40 (1)

38 (1)

>0.05

17.5 (8)

Baby Weight (G)

3455 (496)

3055 (422)

>0.05

11 (6)

Co-Morbidities

none

1 IUGR, 1 mild preeclampsia

-

-

Race

-

-

>0.05

-

Caucasian

8

4

-

-

Other

0

1

-

-

Body Mass Index at
Enrollment

28 (3)

26 (4)

>0.05

19.5 (8)

<25

2

2

-

-

25-30

5

1

-

-

>30

1

2

-

-

Gestational Age at
Analysis (days)*
4-12 weeks

8 (1)

9 (1)

>0.05

20 (8)

16-22 weeks

16 (1)

17 (2)

>0.05

18 (8)

24-28 weeks

28 (1)

27 (1)

>0.05

20 (8)

Glucose challenge test
(mg/dL)

94 (15)

168 (14)

0.0002

0 (8)

Glucose tolerance test
(mg/dL)

n/a

90 (3)

-

-

Fasting blood glucose

n/a

90 (3)

-

-

1 hour

-

205 (11)

-

-

2 hours

-

194 (18)

-

-

3 hours

-

115 (28)

-

-

Vaginal

5

4

-

-

Cesarean secton

3

1

-

-

Mode of Delivery

--

*continuous data expressed in median (95% confidence interval).
**, p value calculated by analysis of variance for contiuous variables and Chi-square
analysis for categorical variables.
***, critical value of U for statistical significance at p≤0.05.

Apo A-II and Apo C-III subtype analysis by mass
spectrometry

ELISA assays measure total apolipoprotein concentrations,
but do not differentiate among biochemically unique
subtypes found in plasma [9]. Mass spectrometry assays were
performed to determine whether subtypes of Apo A-II and
Apo C-III differed in GDM cases and non-GDM controls over
gestational time. The 2 most prominent forms of Apo A in
human plasma are monomeric and dimeric Apo A-II, with
subtle changes in amino acid sequence leading to several
forms of both monomer and dimeric Apo A-II [7,10]. Monomeric
Apo A-II increased steadily over gestational time in control
subjects, but GDM cases exhibited very little change in Apo
A-II monomer from 4-12 to 16-22 weeks of gestation (Figure 1

and Table 4). Apo A-II dimer did not significantly change over
gestational time in control subjects, but decreased significantly
in GDM cases at 16-22 weeks (p=0.01, U=1) and approached
a statistically significant decrease at 24-28 weeks (p=0.08,
U=10) (Figure 2 and Table 4). Relative abundance of dimeric
Apo A-II was also quantitatively lower at 16-22 weeks in GDM
cases relative to control subjects (p=0.002, U=0) (Figure 2B
and Table 4). Plasma concentrations decreased slightly at 2428 weeks, but the difference was not statistically significant
(p=0.08, U=10) (Figure 2B and Table 4).
Glycosylated variants account for more than 97% of the
proteins in maternal plasma, with sialylation being one of
the most common glycovariants [11]. Unsialylated Apo C-III
subtype (8800Da, Apo C-III0, Figure 3A and Table 5) increased

3

Flood Nichols et al. Journal of Diabetes Research & Clinical Metabolism 2013,
http://www.hoajonline.com/journals/pdf/2050-0866-2-22.pdf

doi: 10.724/2050-0866-2-22

Table 2. Quantification of Apo A-II and Apo C-III in plasma
from gestational diabetes patients and age-matched controls at
4-12 and 24-28 weeks by ELISA.
Apo A-II concentration (mg/dL)
4-12 weeks*

24-28 weeks*

P value**

U value
(critical U)***

Control

20 (3)

30 (5)

0.0516

22 (21)

Gestational
Diabetes

24 (4)

26 (3)

0.653

21 (8)

Apo C-III concentration (mg/dL)
4-12 weeks*

24-28 weeks*

P value**

U value
(critical U)***

Control

9 (3)

26 (4)

0.0003

0 (7)

Gestational
Diabetes

10 (2)

24 (4)

0.006

0 (4)

Data are expressed in concentrations of mg/dl (median(95%
confidence interval)) for each patient (n= 5 GDM cases and 8
gestationally age-matched controls).
*median (95% confidence intervals).
**, Mann-Whitney U test relative to 4-12 weeks.
***, critical value of U for statistical significance at p≤0.05.
Table 3. Quantification of HDL and VLDL/LDL in plasma from
gestational diabetes patients and age-matched controls at 4-12
and 24-28 weeks gestation by quantitative enzymatic assay.
VLDL/LDL (mg/dL)
4-12 weeks*

24-28
weeks*

P value**

U value
(critical U)***

Control

144 (25)

232 (48)

0.004

1 (7)

Gestational
Diabetes

161 (10)

191 (39)

0.149

7 (4)

HDL (mg/dL)
4-12 weeks*

24-28
weeks*

P value**

U value
(critical U)***

Control

40 (8)

49(8)

0.117

8 (5)

Gestational
Diabetes

46 (11)

46 (8)

0.500

12 (4)

Data are expressed in concentrations of mg/dl (median [95%
confidence interval]), n= 5 GDM cases and 8 gestationally
age-matchedcontrols.
*median (95% confidence interval).
**, Mann-Whitney U test relative to 4-12 weeks.
***, critical value of U for statistical significance at p ≤0.05.

significantly from 4-12 weeks to 16-22 weeks (p=0.02, U=13)
and 24-28 weeks (p=0.009, U=9) in the control subjects, but
showed no appreciable change over gestational time in GDM
cases (Figure 3B and Table 5). Relative abundance of Apo CIII0
was significantly higher in non-GDM controls than GDM cases
at both 16-22 weeks (p=0.008, U=3) and 24-28 weeks (p=0.024,
U=6) (Figure 3 and Table 5). In contrast, sialylated variants of
the Apo C-III proteins at 9421 and 9712 Da (Apo C-III1 and Apo
C-III2) significantly increased over gestational time in both
cases and control subjects (Figures 3C and 3D and Table 5).

Figure 1. Lower rate of change in plasma Apo A-II monomer
over gestational time in GDM than controls by mass
spectrometry.
(A) Spectra are shown for a single representative GDM
patient and age-matched control at gestational age range
16-22 weeks. Apo A-II monomer was identifiable at 8811 Da.
Arrows denote peaks corresponding to Apo A-II monomers.
CTL, age-matched controls; GDM, gestational diabetes
mellitus.
(B) Quantification of median spectral intensities by SELDITOF mass spectrometry for n=4-5 GDM subjects and n=8
age-matched controls at each gestational age for Apo A-II
monomer. Error bars denote 95% confidence intervals.
*, p<0.05 by Mann-Whitney U test relative to 4-12 weeks.

Discussion

Our study reports 3 principal findings: (1) differences in
apolipoprotein profiles are discernible in women destined to
develop GDM compared touncomplicated controls as early as
the second trimester by mass spectrometry spectral profile,
but not ELISA assays; (2) dimeric Apo A-II decreases more
significantly in GDM cases than non-GDM controls in the
second trimester; and (3) plasma abundance of monomeric
Apo A-II and unsialylated Apo C-III increases over gestational
time in non-GDM controls, but not in GDM cases.
Transport of apolipoproteins and cholesterol are vital
adaptive mechanisms in pregnancy that support fetal
development. Pregnancy is a hyperlipidemic state in
which the placenta and fetal adrenal cortex cooperatively
produce cholesterol vital for fetal neuronal and membrane
development [12]. The biochemical changes in GDM cases
reflect fundamental alterations in the balance between
carbohydrate and lipid regulation. In GDM, disruption in the
balance of VLDL/LDL and HDL-associated apolipoproteins
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Figure 2. Decrease in Apo A-II dimer at 16-22 weeks in
GDM cases relative to controls by mass spectrometry.
(A) Spectra are shown for a single representative GDM
patient and age-matched control at gestational age range
16-22 weeks for Apo A-II dimer, 17.4kDa.
(B) Quantification of median spectral intensities by SELDITOF mass spectrometry for n=4-5 GDM subjects and n=8
age-matched controls at each gestational age for Apo A-II
dimer. Error bars denote 95% confidence intervals.
*, p<0.05 by Mann-Whitney U test relative to 4-12 weeks.

and triglycerides could represent a result or an underlying
causative pathology for the associated fetal and maternal
morbidities. Placental apolipoprotein D has recently been
reported as an adaptation to GDM, possibly providing an
important control protecting against oxidative stress [13].
Changes in Apo A-II association with HDL may represent a
similar adaptation to GDM affecting cholesterol transport in the
blood. Lower apolipoprotein A-II could signal failure in transit
of HDL cholesterol, adversely affecting glucose metabolism
and lipid-carbohydrate homeostasis [5]. Apo C-III is most
closely associated with transporting atherogenic VLDL and
LDL cholesterols. The physiological role of Apo C-III sialylation
is speculative, but may include prolonging hepatic clearance
or affinity to lipoprotein lipase [14]. Although plasma HDL
cholesterol levels were not significantly different between
GDM cases and controls in our study, there may be differences
between HDL subtypes which are undetectable using our
enzymatic assay. Other researchers have reported that HDL3
is substantially different from controls in GDM subjects while
other subtypes (1 and 2) show relatively little difference [15].
Taken together, our results and the current literature support

doi: 10.724/2050-0866-2-22

a fundamental difference in lipid/carbohydrate metabolism
between non-GDM controls and GDM cases over gestational
time.
Identifying at-risk women early in their pregnancies and
enacting effective treatment may reduce or prevent the
fetal and maternal morbidities associated with gestational
diabetes. Early biomarker testing in pregnancy is also
simpler and lends itself to improved patient compliance
then the multistep testing currently available. Availability of
a reliable clinical test using multiple markers for GDM early
in pregnancy could also lead to the development of more
effective pharmacological and/or life-style intervention
treatment strategies by providing a physiological context
for novel pharmaceutical development [16]. In the United
States, screening for gestational diabetes typically occurs
between 24 and 28 weeks gestation with a one hour glucose
challenge test. If this screening test is abnormal, the diagnosis
of gestational diabetes is confirmed with a three hour glucose
tolerance test sometime in the late second or third trimester.
Ideally, if the 1 hour screening test is abnormal, the followon confirmatory testing would be ordered and scheduled
in a timely manner. In clinical practice, however, this can
be somewhat challenging because the patients need to be
fasting and the additional testing is time-consuming for
both patients and the laboratory. Therefore, the diagnosis of
gestational diabetes can be delayed or even missed. By this
point, the pathology may be too sufficiently established for
treatment to be effective in reducing significant maternal
and fetal/neonatal risks. Two randomized controlled trials
have demonstrated perinatal and maternal benefit from
treating gestational diabetes in pregnancy with reductions
in preeclampsia, maternal weight gain, neonatal overgrowth,
neonatal fat mass and shoulder dystocia [5,6]. Additionally, a
recent systematic review concluded that treatment of GDM
is associated with a reduction in the incidence of shoulder
dystocia and macrosomia when compared to routine care [16].
Even though earlier detection and treatment of at-risk
women has been proposed to improve maternal and fetal
outcomes, a consistently recommended early screening test
is not currently available [2]. Establishing an apolipoprotein
pattern unique to gestational diabetes could allow for early
detection and intervention well before the onset of clinical
symptoms [17]. Mass spectrometry affords a more sensitive
method than standard biochemical approaches (eg, ELISA
assays) to evaluate more subtle changes in protein composition
[18]. Our results are concordant with a recent study by Kim
and colleagues reporting early changes in apolipoproteins in
GDM cases using a comparable mass spectrometry approach
[19]. Studies in biomarker development have increasingly
highlighted the need for multiple diagnostic targets to
improve detection [3]. The apolipoproteins are particularly
attractive biomarker candidates because of their relative
intra-individual stability in the human proteome, decreasing
technical variability [17]. Including the apolipoproteins in such
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Figure 3. Lower rate of change in plasma Apo C-III0 subtype over gestational time in gestational diabetes mellitus cases than
controls by mass spectrometry.
(A) Spectra are shown for a single representative GDM patient and age-matched control at gestational age range 16-22 weeks. Apo
C-III0 (a-sialylated, 8764 Da), Apo C-III1 (mono-sialylated, 9421 Da) and Apo C-III2 (9712 Da) were readily identifiable as high
abundance proteins in the spectra. Arrows denote peaks corresponding to Apo C-III subtype. Quantification of median spectral
intensities by SELDI-TOF mass spectrometry for n=4-5 GDM subjects and n=8 age-matched controls at each gestational age for
(B) Apo C-III0, (C) Apo C-III1 and (D) Apo C-III2. Error bars denote 95% confidence intervals.
*, p<0.05 by Mann-Whitney U test relative to 4-12 weeks.
CTL, age-matched controls; GDM, gestational diabetes mellitus.

a multiplexed strategy may provide an internal biochemical
standard for comparing relative concentrations of other
biomarkers for GDM, thus improving diagnosis.
The strengths of our study include its longitudinal design
and the use of mass spectrometry techniques capable of
measuring changes in apolipoprotein subtypes which are
undetectable by standard biochemical assays. We recognize
that our study had a high attrition rate with a relatively small
number of GDM cases in the final analyzable cohort. These
data provide proof-of-principle for addressing the question
of impaired lipid transport in a larger cohort of patients using
the mass spectrometry approach we have developed in this
study. Glucose concentrations are not routinely measured in
nulliparous women before 24-28 weeks gestation; therefore,
we could not confirm that the GDM cohort was euglycemic
early in pregnancy. However, none of the women in our study

had a history of diabetes outside of pregnancy, were morbidly
obese (BMI >35), or had a strong family history of diabetes. We
also relied on convenience sampling during routine clinical
appointments. Patients were also not instructed to fast before
any of the blood draws except for the 24-28 week sampling
point. High fat or carbohydrate meals prior to phlebotomy
may have influenced the apolipoprotein and/or cholesterol
measurements reported in this study. However, both cases
and controls were subject to the same sampling intervals
and so diet-related changes would have equally affected
both cohorts.

Conclusions

In conclusion, our study provides important insight into lipid
dysregulation in GDM cases over gestational time. We report
that the rate of change of apolipoproteins in patient plasma
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Table 4. Statistical summary of differences in spectral intensity for SELDI-TOF MS spectra (A-II
monomer and Apo A-II dimer) between GDM cases and gestationally age matched controls.
Apo A-II monomer (µA)
4-12 weeks*

16-22
weeks*

24-28 weeks*

P value **
(16-22, 24-28 weeks)

U value (critical U)***
(16-22, 24-28 weeks)

Control

109 (9)

140 (34)

140 (34)

0.033, 0.012

14 (15), 10(15)

Gestational
Diabetes

115 (20)

110 (22)

143 (41)

0.417, 0.201

11 (4), 8 (7)

Apo A-II Dimer (µA)
4-12 weeks*

16-22
weeks*

24-28 weeks*

P value **
(16-22, 24-28 weeks)

U value (critical U)***
(16-22, 24-28 weeks)

Control

65 (6)

57 (6)

61 (13)

0.735, 0.397

25 (15), 29 (15)

Gestational
Diabetes

57(8)

40 (9)

46 (5)

0.011, 0.082

1 (4), 10 (9)

Data are expressed as median spectral intensities (µA) (median [95% confidence interval]) , n=4-5
GDM cases and n=8 gestationally age-matchedcontrols.
*median (95% confidence interval).
**, Mann-Whitney U test relative to 4-12 weeks.
***, critical value of u for statistical significance at p ≤0.05.
Table 5. Statistical summary of differences in spectral intensity for SELDI-TOF MS spectra (Apo C-III1,
Apo C-III1, Apo C-III2) between GDM cases and gestationally age matched controls.
Apo C-III0 concentration (µA)
4-12 weeks*

16-22
weeks*

24-28 weeks*

P value**
(16-22, 24-28 weeks)

U value (critical U)***
(16-22, 24-28 weeks)

Control

47 (16)

92 (22)

98 (16)

0.020, 0.009

13 (15), 9 (15)

Gestational Diabetes

53 (9)

40 (16)

40 (21)

0.149, 0.417

16 (11), 11(4)

4-12 weeks*

16-22
weeks*

24-28 weeks*

P value**
(16-22, 24-28 weeks)

U value (critical U)***
(16-22, 24-28 weeks)

Control

91 (45)

212 (71)

312 (104)

0.007, 0.001

8 (15), 3 (15)

Gestational Diabetes

146 (31)

200 (71)

359 (122)

0.215, 0.006

56 (41), 0 (4)

4-12 weeks*

16-22
weeks*

24-28 weeks*

P value**
(16-22, 24-28 weeks)

U value (critical U)***
(16-22, 24-28 weeks)

Control

21 (4)

40 (11)

51 (14)

0.003, 0.001

5 (15), 3 (15)

Gestational Diabetes

26 (4)

38 (16)

47 (29)

0.444, 0.018

67 (41), 2 (4)

Apo C-III1 concentration (µA)

Apo C-III2 concentration (µA)

Data are expressed as median spectral intensities (µA) (median [95% confidence interval) , n=4-5 GDM
cases and n=8 gestationally age-matchedcontrols.
*median (95% confidence interval).
**, Mann-Whitney U test relative to 4-12 weeks.
***, critical value of U for statistical significance at p≤0.05.

is significantly lower in GDM cases than non-GDM controls
and that these differences are biochemically measurable
by the second trimester. These results provide evidence for
biomarker development and pharmacological intervention
earlier than current practice.
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