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Comparison of factor XII levels in
gestational diabetes, fetal macrosomia, and
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Abstract

Background: If not detected and treated, gestational diabetes mellitus (GDM) can cause serious pregnancy
complications such as macrosomia, preeclampsia, and fetal/neonatal mortality. Many studies have examined
underlying contributing factors for GDM, including hypercoagulation. Factor XII (FXII) is a coagulation factor that
increases throughout normal pregnancies, and we evaluated the relationship of GDM with FXII, FXIIa (activated
FXII), and other coagulation parameter levels. GDM and macrosomia are closely related, but it is not known
whether FXII could be an independent causal factor for macrosomia.

Methods: In this prospective study, blood samples were taken from 69 pregnant women at the time of term
delivery to determine levels of FXII, FXIIa, and other coagulation parameters. Based on the results, pregnancies fell
into GDM, non-diabetic with macrosomia (M), or healthy (C [control]).

Results: FXII concentration levels were significantly higher in GDM patients compared with the M and C groups.
There were no significant differences when comparing FXIIa, activated partial thromboplastin time, prothrombin
time (PT), and international normalized ratio. The GDM group saw a significant negative correlation between FXII
concentrations and maternal pregestational body mass index (BMI) and BMI before delivery. In the M group, a
positive correlation was observed between FXII concentrations and newborn weight and newborn weight percentile.

Conclusions: An increase in FXII levels was observed in patients with gestational diabetes. Associations between
coagulation parameters and GDM should be further analyzed to define the mechanisms of GDM and possible
treatment modalities.

Trial registration: Our study has been registered at clinicaltrials.gov (NCT03583216). Registered on July 11, 2018,
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Background
Gestational diabetes mellitus (GDM) is a common preg-
nancy complication [1], with a 2016 US prevalence of 6%,
according to the Centers for Disease Control and Preven-
tion [2]. The prevalence varies worldwide due to differences
found in racial/ethnic groups, diagnostic criteria, and

testing methods [3]. Adverse outcomes such as macroso-
mia, preeclampsia, and fetal/neonatal mortality can increase
if GDM is not diagnosed and treated [4]. In GDM, el-
evated plasma coagulation activation markers are
found (thrombin-antithrombin complex) and clotting
factors (fibrinogen; factors VII, VIII, XI, and XII; kal-
likrein; and von Willebrand). While the pathogenesis
and underlying molecular mechanisms are not well
understood, findings support the clinical observation
that GDM is a hypercoagulable state, with low-level
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inflammation and a higher level of thrombotic events
[5–8].
Coagulation factors increase in the maternal plasma

throughout normal pregnancy [9], which is necessary to
stop the blood flow of up to 700 ml/min immediately after
placental separation. Factor XII (FXII, Hageman factor) is
part of the normal coagulation system and increases in
pregnant women with each week of gestation [9, 10].
While FXII is intrinsically related to coagulation in normal
pregnancy and is also a marker in GDM, there have been
no studies to explore the role of FXII in GDM.
FXII induces inflammation [11], and FXIIa induces fi-

brin production in the intrinsic coagulation cascade and
activates the kallikrein-kinin system [12]. The kallikrein-
kinin system is activated in uncontrolled or poorly con-
trolled diabetic individuals, which increases the level of
FXII [13]. FXII shows mitogenic activity in a zymogenic
form; this might be related to macrosomia [14, 15],
which itself can have adverse fetal, neonatal, and even
adult outcomes.
Animal studies show thrombosis decreases with FXII

inhibitors [12, 16]. These studies describe drugs that se-
lectively inhibit FXIIa, such as recombinant purely hu-
man antibody 3F7 and recombinant new infestin-4 [16,
17]. These drugs could prevent thrombosis without the
risk of bleeding inherent with anticoagulants such as
heparin.
We hypothesized that FXII levels might differ when

comparing healthy pregnant women with those with
GDM or macrosomic fetuses. We compared the pre-
labor levels of FXII and other coagulation parameters
among three groups of term pregnant women who had
[i] GDM pregnancies (group GDM), [ii] non-diabetic
fetal macrosomia (group M), or [iii] healthy pregnancies
(control [group C]).
The study’s primary goal was to compare the FXII and

FXIIa levels in GDM. The secondary goal was to evalu-
ate FXII levels in macrosomia.

Methods
This was a non-randomized, prospective cohort study
conducted in a single institution, Acibadem Maslak Hos-
pital, Istanbul, Turkey, from July to November 2018. It
was approved by the Medical Ethics Committee of the
Institutional Ethical Review Board of the Acibadem
Mehmet Ali Aydinlar University School of Medi-
cine Mehmet Ali Aydınlar Acibadem University School
of Medicine (ATADEK ID no: 2017-10/2) and registered
at clinicaltrials.gov (number: NCT03583216); written in-
formed consent was obtained from all participants.

Subjects
Sixty-nine term pregnant women with GDM, fetal macro-
somia, or normal low-risk pregnancies were included in

the study. Patients were excluded from the study if they
were less than 18 years old, had a preterm delivery (< 37
weeks of pregnancy), post-term delivery (> 42 weeks of
pregnancy), high-risk pregnancy (preeclampsia, intrauter-
ine growth retardation, placenta previa, placenta accreta,
or oligohydramnios), or a diagnosis of gestational or pre-
gestational systemic diseases (hypertension, liver disease,
kidney disease, pulmonary disease, hematologic disorders
such as inherited coagulation defects, or gestational hyper-
tension). When patients were admitted to the clinic, they
were selected and included in the study based on their eli-
gibility status. All data were obtained from their charts or
from interviews during their deliveries at the hospital.
Infant height and weight were calculated on the day of
delivery by the pediatric nurse.
Patients were stratified into three groups: [i] GDM

during pregnancy (n = 22), [ii] macrosomia during preg-
nancy (M group, n = 22), or [iii] no complications during
pregnancy (C [control] group, n = 25). All participants
were screened with a 50 g glucose tolerance test between
24 and 28 weeks of gestation. A plasma value of ≥
140 mg/dl was a threshold for performing a three-hour
oral glucose tolerance test (OGTT). GDM was confirmed
by a 100 g glucose tolerance test if at least two of the Car-
penter–Coustan criteria [10] were met: [i] fasting blood
glucose ≥ 95 mg/dL, [ii] blood glucose ≥ 180 mg/dL in the
test’s first hour, [iii] ≥ 155 mg/dL in the second hour, and
[iv] ≥ 140 mg/dL in the third hour. Fasting was not re-
quired before the screening test, but 12 hours of fasting
was requested before the three-hour OGTT. Patients in
the GDM group were screened between 24 and 28 weeks
of gestation and all met the Carpenter–Coustan criteria.
These individuals managed to keep their glucose levels
under control through diet and exercise.
Newborn macrosomia is defined as birth weight ≥90th

percentile for gestational age [18]. Fetal macrosomia was
detected during pregnancy and confirmed at our clinic
upon delivery. Five patients in the postpartum period
were excluded from the study because the weight of
their newborn was not compatible with the macrosomia
criteria. Patients with normal, uncomplicated pregnan-
cies were recruited for the control group.
All procedures performed in studies involving human

participants were under the ethical standards of the insti-
tutional and/or national research committee and with the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The study was approved by
the Medical Ethics Committee of the Institutional Ethical
Review Board of the Acıbadem MAA University School of
Medicine (ATADEK ID no: 2017/10).

Methods
Blood samples (4 ml) were taken just before delivery
from the antecubital vein and stored in two vacutainer
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tubes with citrate sodium (3.8%). Room-temperature
samples were centrifugated at 2500 rpm for 15 min to
obtain platelet-poor plasma, which was frozen at −
80 °C. Samples received automated coagulation analysis
using commercial kits to obtain concentration levels:
FXII antigen level (ELISA kits), FXIIa (coagulation FVII
deficient plasma), aPTT (Siemens Dade® Erlangen,
Germany Actin® FS Activated PTT Reagent), and PT
(Siemens Thromborel® S). The concentration ranges
were 1.5–300 ng/ml for FXII (sensitivity: 1.366 ng/ml)
and 58–166% for FXIIa.

Statistical analysis
Descriptive statistics are presented as frequency, percent-
age, median, and mean ± standard deviation. Testing for
normality was performed with the Shapiro–Wilk test, cap-
turing skewness and kurtosis values using q-q plot graphs.
A Fisher’s exact test or Pearson chi-square test was used
to analyze categorical data. The relationship of numerical
data was evaluated with a Spearman correlation test. One-
way analysis of variance was used when assumptions of
normal distribution and variance homogeneity were met
in the measurements for more than two groups; Tukey’s
test assessed binary comparisons. Welch’s test was used

when assumption of normal distribution was assured;
Tamhane’s test assessed binary comparisons. When the
normal distribution assumption was not provided, the
Kruskal–Wallis test was used; Bonferroni–Dunn proced-
ure assessed binary comparisons. Statistical significance
was set at P < 0.05. Analyses were made with R Version
3.5.2 [R Core Development, 2018).

Results
Ninety-eight women admitted to our obstetrics and
gynecology clinic for delivery from July to November
2018 were assessed for study recruitment, and 69 met
the inclusion criteria: 22 in the GDM group, 22 in the M
group, and 25 in the control group (Fig. 1). The groups
had comparable data for mean age, parity, multiparity,
maternal height, maternal BMI before pregnancy, mater-
nal weight gain, and gender of the infant (p > 0.05)
(Table 1). The M group had significantly higher gesta-
tional age at delivery, infant weight, infant weight per-
centile, cesarean section rate, and maternal BMI before
delivery (p < 0.05). The GDM and C groups had compar-
able cesarean section rates (p > 0.05).
The mean FXII concentrations of the GDM, M, and C

groups were 93.9 ± 38.52 ng/ml, 78.9 ± 33 ng/ml, and

Fig. 1 Patient flow chart from recruitment to study completion
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72.7 ± 23.24 ng/ml, respectively. The mean FXII concen-
tration level of the GDM group was significantly higher
than the control and M groups (p = 0.029). The M group
had a higher FXIIa level than the GDM and control
groups (119.88 ± 33.46%, 116.58 ± 26.41%, and 117.45 ±
57.54%, respectively), but there was no significant differ-
ence (p = 0.521). The groups had no significant differ-
ences when comparing aPTT, PT, PT activity
percentage, and INR levels (Table 2). A receiver operat-
ing characteristic curve was obtained to predict high/low
levels of FXII concentrations from GDM status, and the
area under the curve was 0.68 (95% confidence interval:
0.54–0.83, p = 0.01). A threshold of 77.4 had a sensitivity
of 68% and specificity of 70% (Fig. 2).
In the GDM patients, A negative correlation was ob-

served between FXII concentrations in the patients’ pre-

gestational BMI (r = − 0.551, p = 0.008) and BMI before
delivery (r = − 0.513, i = 0.015). In the M group, a posi-
tive correlation was observed between FXII concentra-
tions, infant weight (r = 0.441, p = 0.04), and infant
weight percentile (r = 0.60, p = 0.003); a negative correl-
ation was observed between FXII concentrations, BMI
before pregnancy (r = − 0.443, p = 0.039), and BMI be-
fore delivery (r = − 0.531, p = 0.011). In the C group, a
moderately negative correlation was observed between
FXII concentrations and INR (r = − 0.464, p = 0.02). A
moderate negative correlation was observed between
FXIIa and aPTT (r = − 0.482, p = 0.015).
We note that although the sample size of our study

was calculated before it began, the study’s power was de-
termined after it finished. In a post-hoc power analysis
for FXII concentration between GDM, M and C groups

Table 1 Demographic features of the groups

CONTROL
(n = 25)

GDM
(n = 22)

MACROSOMIA
(n = 22)

p-value

Age (years) 31.6 ± 4.03 32.55 ± 2.22 30.5 ± 4.01 10.168

Parity (%)

Multipara 7 (28) 8 (36.4) 7 (31.8) 40.828

Primipara 18 (72) 14 (63.6) 15 (68.2)

Gestational age at delivery (weeks)
Median (Q1–Q3)

38.6(38.2–39.2) 38.8(38.4–39.3) 39.05(38.4–40) 30.001**

Maternal Height (cm) 166.28 ± 5,32 164.32 ± 5,18 168 ± 5.72 10.085

Pre-gestational BMI (kg/m2) 22.36 ± 2.73 23.5 ± 4.61 25.05 ± 5.12 30.276

BMI before delivery (kg/m2) 27.46 ± 2.69 28.7 ± 5.28 30.97 ± 5.11 10.022*

Maternal weight gain (kg) 14 ± 2.84 14.18 ± 3.66 16.45 ± 5.62 30.186

Infant’s gender (%)

Female 13 (52) 11 (50) 13 (59) 20.816

Male 12 (48) 11 (50) 9 (41)

Infant height (cm) 49.84 ± 1,28 49.5 ± 1.74 51.18 ± 1.37 30.001**

Infant weight (gm) 3183.6 ± 287.37 3325.23 ± 480.53 3931.82 ± 256.3 3<0.001**

Infant weight
(% percentile)

57.8 ± 19.64 66.09 ± 27.92 96 ± 3.28 3<0.001**

Delivery method (%)

Cesarean section 19 (76) 18 (81.8) 22 (100) 40.044

Vaginal delivery 6 (24) 4 (18.2) 0 (0)

Indication for cesarean (%)

Repeat cesarean 5 (20) 8 (36) 7 (32)

Maternal demand 1 (4) 0 (0) 1 (5)

Malpresentation 5 (20) 2 (9) 1 (5)

Macrosomia 0 (0) 1 (5) 5 (22)

CPD 1 (4) 4 (18) 4 (18)

Others 13 (52) 7 (32) 4 (18)

Values are mean ± SD, median (Q1–Q3) or n (%) of cases in a group,
SD Standard deviation, Q1 25th percentile, Q3 75th percentile
*p < 0.05, **p < 0.01
1ANOVA F test, 2 Pearson chi-square test, 3 Kruskal–Wallis H test, 4 Fisher’s eExact test
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with the F-test formula of the G-Power 3.1.9.3 program
(Heinrich Heine Universität Dusseldorf, 2017), the
power of the study was found to be 80% with an effect
size of 0.38 at an α-level of 0.05.

Discussion
This study compares FXII levels in GDM, non-diabetic
pregnancies with macrosomia, and healthy pregnancies.
FXII is a coagulation factor that plays a role in the acti-
vation of the intrinsic clotting pathway, and Patrassi
et al. suggest there is enhanced activation of the intrinsic
clotting system in patients with diabetes mellitus [13,
15]. There is a hypercoagulable state in diabetes, and

FXII is one of the coagulation factors shown to be in-
creased [7, 8, 13].
Endothelial damage due to hyperglycemia can activate

the intrinsic coagulation system [19]. It has been reported
that FXII increases during pregnancy [10, 20], but, to our
knowledge, no studies on plasma levels of FXII in GDM
patients had been reported. In our study, we found that
women with GDM have significantly higher levels of FXII
compared to women with healthy pregnancies (p < 0.05).
There are studies suggesting that zymogen FXII may

exhibit growth factor-like (EGF- like) activities [11, 15].
This EGF- like “domain” of FXII can regulate liver
growth and enhance protein production in the liver,
which may stimulate the production of FXII and possibly

Fig. 2 ROC Curve of gestational diabetes mellitus for prediction of high/low levels of FXII

Table 2 − Haemostatic parameters of controls, GDM and non− diabetic pregnant with macrosomia

CONTROL
(n = 25)

GDM
(n = 22)

MACROSOMIA
(n = 22)

p-value

FXII Conc. (ng/ml) 72,7 ± 23,24 93,9 ± 38,52 78,9 ± 33 0,029*

FXII Act. (%) 117,45 ± 57,54 116,58 ± 26,41 119,88 ± 33,46 0,521

APTT (sn) 25,01 ± 2,03 24,93 ± 1,54 24,98 ± 2,33 0,900

PT (sn) 10,19 ± 0,44 10,33 ± 0,44 10,42 ± 0,55 0,240

PT activity % 114,6 ± 9,06 109,88 ± 11,31 109,07 ± 12,24 0,173

INR 0,93 ± 0,05 0,95 ± 0,06 0,95 ± 0,05 0,619

Data was presented mean ± standard deviation
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other coagulation factors. This growth factor-like activity
of FXII might be the source of the underlying pathology
of hypercoagulability and adverse outcomes such as pre-
eclampsia, macrosomia, birth trauma, and stillbirth in
GDM. Although we did not detect any significant in-
creases in FXII levels in the non-diabetic macrosomia
group, there was a positive correlation between FXII
levels and infant weight. This suggests that investigating
the effects of FXII’s zymogen is beneficial, as mentioned
in previous studies [11, 15].
aPTT might also have a relationship with hypercoagu-

lability. Hron et al. showed that a shortened aPTT might
be a marker for hypercoagulability [21], and Lippi et al.
concluded those with impaired fasting glucose and dia-
betes displayed significantly shortened aPTT [22]. In our
study, there was no significant difference in aPTT levels
in any groups. This was attributed to all of our patients,
including the GDM group, being euglycemic.
Our study saw a negative correlation between FXII

concentrations, aPTT, and INR in the control group: as
FXII concentrations increased, aPTT and INR decreased
(r = − 0.482, p = 0.015 and r = − 0.464, p = 0.02, respect-
ively). Conversely, another study showed a negative cor-
relation between FXII deficiency and aPTT prolongation
[23]. This finding suggests that FXII inhibitors could be
a promising treatment for thrombosis.
We saw no statistically significant increase in FXII

levels in the non-diabetic macrosomia group. However,
there was a positive correlation between FXII levels and
infant weight and weight percentile, meaning that infant
weight increased with higher levels of FXII (r = 0.60; p =
0.03). This suggests a role for FXII in macrosomia. FXII
inhibitors may be a promising treatment for preventing
macrosomia and its associated complications.
Patrassi et al. found no correlation between the levels of

blood glucose and those of prekallikrein, kallikrein, FXII,
and FXIIa. Therefore, they concluded that the reduction
of blood glucose levels would not decrease these parame-
ters [14]. Thus, FXII inhibitors may be evaluated to treat
the hypercoagulable state present in GDM [16, 17, 24].
There were limitations to our study. One of them was

the small sample size, even though the power of the study
is reasonable. More prospective studies with a larger sample
size are needed to further confirm the association of FXII
with GDM. In addition, concentrations of other thrombotic
risk factors such as factor V Leiden, protein C, FXI, anti-
thrombin III, platelets, and fibrinogen were not studied.

Conclusions
We showed that FXII levels increase in the GDM group,
which could help to explain one of the underlying com-
plex mechanisms causing GDM. In addition, FXII inhibi-
tors could prevent the pathogenesis and adverse
outcomes observed in GDM. More prospective studies

with larger populations are needed to confirm the effect
of FXII in the pathogenesis of GDM.
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