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Coagulation tests and blood glucose before
vaginal delivery in healthy teenage pregnant
women compared with healthy adult pregnant
women
Roxana Covali, PhDa,∗, Demetra Socolov, PhDb, Razvan Socolov, PhDc

Abstract
The aim of this study was to compare the coagulation tests and blood glucose levels between healthy teenage pregnant patients and
healthy adult pregnant patients just before vaginal delivery
In a prospective study, 208 consecutive patients, 3rd trimester healthy pregnant women, underwent blood tests to determine their

glucose levels the day before vaginal delivery. Of the 208 patients, 103 also underwent blood coagulation testing performed on the
same day.
The median values of the coagulation tests (APTT, prothrombin time, INR, prothrombin activity) and blood glucose were very

similar in the healthy pregnant teenagers (32.6; 12.9; 1.02; 97.1; 81) compared with that in the healthy adult pregnant patients (32.45;
13.1; 1.01; 97.5; 81.2). Only the median value for fibrinogen was significantly different in healthy pregnant teenagers (348.9mg/dL)
(interquartile range 21.7) compared with that in healthy adult pregnant patients (359.1mg/dL) (interquartile range 29.88).
Significantly different median blood glucose levels also occurred in the<20; 20–29; 30–39;>40 age groups, but the glucose levels

were still within normal limits.
Even if there was variability between blood values from one age group to another, the median values for coagulation tests and

blood glucose were very close in the healthy teenage pregnant patients compared with the median values of the healthy adult
pregnant patients, just before vaginal delivery. With very few exceptions, the values for coagulation tests and blood glucose were
within normal limits in all age groups of healthy pregnant patients.

Abbreviations: APTT = activated partial prothrombin time, GDM = gestational diabetes mellitus, INR = International Normalized
Ratio, IQR= interquartile range.
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1. Introduction

Perfect hemostatic balance is required in order to have a
successful pregnancy. Obstetric hemorrhage and especially
postpartum hemorrhage are responsible for serious maternal
and fetal morbidity and mortality. Anticipation of massive
postpartum hemorrhage, prompt recognition of the cause,
replacement of the lost blood volume, and correction of the
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washout phenomenon leading to coagulopathy will save lives.
Therefore, coagulation tests are required before any cesarean
delivery, but not before any vaginal delivery. Elevated blood
glucose levels and even gestational diabetes mellitus can influence
the outcome of delivery and of the mother’s health; therefore,
they are determined before any delivery, whether cesarean or
vaginal.
The younger the pregnant patient, the healthier she should be.

The aim of this study was to compare the coagulation tests and
blood glucose levels of healthy teenage pregnant patients with
those of healthy adult pregnant patients, just before vaginal
delivery.
2. Methods

In a prospective study, 240 Caucasian patients in the 3rd
trimester of pregnancy were included initially. They were referred
to the hospital to deliver their babies from 2013 to 2017. Upon
arrival, they had no indication for cesarean delivery. Patients who
were not overweight and did not have diabetes mellitus were
considered healthy and therefore included in this study. Sixty
patients were selected for each of the four age groups (<20 years
old; 20–29 years old; 30–39 years old; 40–49 years old). Ethical
approval was not necessary because the standard prenatal
protocol included blood glucose determination, and if the
gynecologist considered that a patient had a tiny risk of cesarean
delivery, coagulation tests were also included. Some patients did
in fact require a cesarean delivery; therefore, they were excluded
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from the study, because we intended to study only patients who
delivered vaginally. A total of 208 patients remained to deliver
vaginally. They underwent blood tests to determine their glucose
levels the day before vaginal delivery. Of the 208 patients, 103
patients underwent blood coagulation testing also. The remain-
ing 105 patients had no significant health issues, and no
obstetrical incidents occurred, so that cesarean delivery was not
required in their cases; they successfully delivered vaginally; their
blood was harvested only for glucose determination and not for
coagulation tests.
Coagulation tests were obtained for 59 pregnant patients <20

years old, 17 pregnant patients 20 to 29 years old, 8 pregnant
patients 30 to 39 years old, and 19 pregnant patients 40 to 49
years old. The extreme pregnancy ages (less than 20 and over 40)
were more likely to require a cesarean delivery than patients
between 20 to 39 years of age. In all, 59 pregnant patients <20
years old and 44 pregnant patients >20 years old delivered
vaginally and had their coagulation tests determined the day
before delivery.
Blood glucose level was determined in 59 pregnant patients

<20 years old, 54 pregnant patients 20 to 29 years old, 62
pregnant patients 30 to 39 years old, and 33 pregnant patients 40
to 49 years old. In all, 59 pregnant patients <20 years old and
149 pregnant patients >20 years old delivered vaginally and had
their blood glucose determined the day before delivery.
2.1. Comorbidities

Seven (3.36%) patients in all age groups had gestational elevated
blood pressure, and 3 (1.44%) had elevated blood pressure,
without proteinuria, which decreased with medication. Two
(0.96%) patients had lower limb edema, 1 (0.48%) had lower
limb superficial thrombophlebitis, 1 (0.48%) had lower limb
varicose veins, and 2 (0.96%) had cicatricial uteruses.
The mean age of these healthy pregnant patients was 28.05

years of age (range 15–45).
The coagulation tests included activated partial prothrombin

time (APTT), fibrinogen, prothrombin time, International
Normalized Ratio (INR), and prothrombin activity. Coagulation
tests were determined using RAYTO 2201C laboratory equip-
ment. Blood glucose was determined using MINDRAY BS200
laboratory equipment.
Because of the small number of patients in the adult groups,

determining themedianvalue and interquartile rangewas considered
more appropriate than mean values and standard deviations.
Statistical analysiswas performedusing IBMSPSSversion18. For

descriptive measures, we computed the median, interquartile range,
minimum and maximum limits. Multiple group comparison was
performed using the Kruskal-Wallis 1-wayANOVAnonparametric
test; significance valueswere adjustedwith theBonferroni correction
for multiple post-hoc tests. For two sets, the Mann–Whitney U test
was applied. P of .05 was considered statistically significant. Box-
plot chartswere used to demonstrate the groupdistributions.Weare
aware that the small samples sizes denote reduced statistical power.
We accept the approximation of similar shape distributions of
subgroups; thus, the nonparametric tests reflect the differences
between medians. We applied the Kruskal-Wallis instead of the
median test because it is more powerful.
3. Results

No significant difference was found between the median values of
APTT, prothrombin time, INR in the different age groups. A
2

significant difference was found between the median values of
fibrinogen in the four age groups and between the blood glucose
median values in the four age groups. There was a significant
difference between fibrinogen median values before and after 20
years. Nevertheless, no clinically significant difference was
triggered by these differences in fibrinogen and blood glucose,
and no medical actions were taken based on the value of one
group compared with that of the other group because all the
values were within normal limits. (Tables 1–4)
No statistical difference was found (P= .392) between APTT

median values in the different age groups. Six (5.82%) patients (4
[3.88%] <20 years; 2 [1.94%] >40 years) had abnormally low
APTT levels (21.6, 22.4, 23.4, 23.5, 23.5; 19.8seconds), which
showed the tendency towards hypercoagulability.
A statistical difference was found (P < .001) between

fibrinogen median values in the four different age groups. Eight
patients (n=8, 7.76%) (2 [1.94%] <20 years old, 2 [1.94%] 20
to 29 years old, 3 [2.91%] 30 to 39 years old, and 1 [0.97%]>40
years old) had elevated fibrinogen levels (411.1; 422.2; 484.4;
414.7; 456; 484.4; 484.4; 435.3mg/dL), which showed the
tendency towards hypercoagulability. In the 30 to 39 and 20 to
29 age groups, distribution was strongly asymmetrical. The
median value for fibrinogen was significantly different in
pregnant patients <20 years of age (348.9mg/dL) (IQR 21.7)
compared with pregnant patients>20 years of age (359.1mg/dL)
(IQR 29.88).
There was no statistical difference (P= .757) between pro-

thrombin time values in the different age groups. Six patients (n=
6, 5.82%) (2 [1.94%] <20 years old, 1 [0.97%] 20 to 29 years
old, 2 [1.94%] 30 to 39 years old, and 1 [0.97%] >40 years old)
had elevated prothrombin time (15.2; 17.9; 15.5; 15.1; 16.1;
15.7seconds). The median value for prothrombin time was close
in pregnant patients <20 years of age (12.9seconds) (IQR 1.6)
and pregnant patients >20 years of age (13.1 seconds) (IQR 1.9).
No statistical difference (P= .496) was reported between INR

values in the different age groups. One patient (n=1, 0.97%) had
decreased INR (0.78) and another patient (n=1, 0.97%) had
elevated INR (1.42), both were <20 years of age. The median
value for INRwas close in healthy pregnant patients<20 years of
age (1.02) compared with that in healthy pregnant patients >20
years of age (1.01).
No statistical difference (P= .54) occurred between prothrom-

bin activity values in the different age groups. Nine patients (n=
9, 8.73%) (5 [4.85%] <20 years old, 1 [0.97%] between 30 and
39 years old, and 3 [2.91%] >40 years old) had abnormally
elevated values for prothrombin activity (123.9–144.7%). One
patient (n=1, 0.97%) <20 years old had a decreased value of
prothrombin activity (56.3%). The median value for prothrom-
bin activity was close in healthy pregnant patients <20 years of
age (97.1%) (IQR 20.5) compared with healthy pregnant
patients >20 years of age (97.5%) (IQR 24.1).
A statistical difference (P= .002) did occur between blood

glucose values in the different age groups. Four patients (n=4,
1.92%) had elevated blood glucose levels. Of the 4, 2 (0.96%)
were <20 years old, 1 (0.48%, 209.6mg/dL) was 30 to 39 years
old, and 1 (0.48%, 117.7mg/dL) was >40 years old. Three
(1.44%) patients had decreased blood glucose (1 [0.48%, 60.4
mg/dL] was <20 years old, and 2 [0.96%; 64; 63.7mg/dL] were
20–29 years old). Blood glucose values were significantly lower in
the 20 to 29 age group compared with the other age groups, but
the values were still within normal limits (Table 1). This showed a
tendency towards hypoglycemia in patients 20 to 29 years of age.
The median value for blood glucose was very close in healthy



Table 1

Median values and interquartile range for coagulation tests, blood glucose and significance of Kruskal-Wallis 1 way ANOVA
nonparametric test.

Age

Tests <20 (n=59) 20–29 (n=17) 30–39 (n=8) >40 (n=19) P

APTT 32.6 (6.2) 33 (5.15) 32.85 (5.75) 31.9 (4.7) .392
Fibrinogen 348.9 (21.7) 371 (25.38) 364.9 (66.25) 345.6 (30.1) <.001

∗

Prothrombin time 12.9 (1.6) 13.25 (1.88) 12.95 (2.48) 12.9 (1.9) .757
INR 1.02 (0.13) 1.04 (0.16) 1.02 (0.21) 0.97 (0.21) .496
Prothrombin activity 97.1 (20.5) (n=59) 94.55 (21.7) (n=54) 95.15 (30.5) (n=62) 105.4 (33.3) (n=33) .54
Blood glucose 81 (18) 75.6 (15.48) 82.4 (14.23) 83.6 (19.1) .002

∗

APTT= activated partial prothrombin time, INR= International Normalized Ratio.
∗
Statistical significance between age groups.

Table 2

Pairwise comparisons of AGE groups for fibrinogen.

Sample 1-Sample 2 Test Statistic Std. Error Std. Test Statistic Sig. Adj. Sig.

≥40 versus <20 5.892 8.329 0.707 0.479 1.000
≥40 versus 30–39 33.393 11.365 2.938 0.003 0.020
≥40 versus 20–29 34.177 10.386 3.291 0.001 0.006
<20 versus 30–39 �27.501 9.674 �2.843 0.004 0.027
<20 versus 20–29 �28.285 8.502 �3.327 0.001 0.005
30–39 versus 20–29 0.784 11.492 0.068 0.946 1.000

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymptotic significances (2-sided tests) are displayed. The significance level is 0.05.
Std. Error= standard error, Std. Test statistic= standard test statistic, Sig.= significance, Adj. Sig.= adjusted significance values by the Bonferroni correction for multiple tests.
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pregnant patients <20 years of age (81mg/dL) (IQR 18)
compared with healthy pregnant patients >20 years of age
(81.2mg/dL) (IQR 14.7).
Neither a significant increase in coagulation test values nor a

significant increase in blood glucose values was found in these
healthy pregnant patients who were able to deliver vaginally.
Table 4

Median values and interquartile range for coagulation tests, blood
nonparametric test. Fibrinogen values are significantly lower in health
20 years of age.

Tests <20 (n=59)

APTT 32.6 (6.2)
Fibrinogen 348.9 (21.7)
Prothrombin time 12.9 (1.6)
INR 1.02 (.011)
Prothrombin activity 97.1 (20.5) (n=59)
Blood glucose 81 (18)

APTT= activated partial prothrombin time, INR= International Normalized Ratio.
∗
Statistical significance between age groups.

Table 3

Pairwise Comparisons of AGE groups for blood glucose.

Sample 1-Sample 2 Test Statistic Std. Error

20–29 versus <20 25.670 11.335
20–29 versus 30–39 �32.711 11.203
20–29 versus ≥40 �47.130 13.299
<20 versus 30–39 �7.041 10.947
<20 versus ≥40 �21.460 13.083
30–39 versus ≥40 �14.420 12.969

Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same. Asymp
Adj. Sig.= adjusted significance values by the Bonferroni correction for multiple tests, Sig.= significanc

3

4. Discussion
The World Health Organization considers persons less than 20
years of age as teenagers. Because they are the youngest, they are
assumed to be the healthiest and to adapt better to different
situations, including pregnancy, than the other age groups. We
studied only healthy pregnant patients who were able to deliver
glucose and significance of Mann–Whitney U for two samples
y pregnant women<20 years than in healthy pregnant women over

Age

>20 (n=44) P

32.45 (4.58) .56
359.1 (29.88) .013

∗

13.1 (1.9) .367
1.01 (.013) .567

97.5 (24.1) (n=149) .628
81.2 (14.7) .861

Std. Test Statistic Sig. Adj. Sig.

2.265 0.024 0.141
�2.920 0.004 0.021
�3.544 0.000 0.002
�0.643 0.520 1.000
�1.640 0.101 0.606
�1.112 0.266 1.000

totic significances (2-sided tests) are displayed. The significance level is 0.05.
e, Std. Error= standard error, Std. Test statistic= standard test statistic.

http://www.md-journal.com
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vaginally. This study showed that even if there was variability
between blood values from one age group to another, the median
values for coagulation tests and blood glucose were very close in
the healthy teenage pregnant patients compared with the average
values of all the healthy adult pregnant patients. With very few
exceptions, the values for coagulation tests and blood glucose
were within normal limits in all age groups of healthy pregnant
patients.
This study included 208 Caucasian patients. It was not

intentional to exclude other populations. In Romania, the vast
majority of the population is Caucasian, with very few persons of
other races/ethnicities. From 2013 to 2017, only one person of
Asian origin delivered a baby in our hospital, and it was by
cesarean delivery. Therefore, this study may not be generalizable
to other populations because of lack of diversity and because of
the small number of subjects in some age groups (over 20 years).
Pregnancy induces a hypercoagulability risk. But not all

pregnant patients experience hypercoagulability. Cui[2] reported
reference intervals for APTT in the third trimester of pregnancy of
healthy Han patients 25.6 to 34.9seconds, decreasing from the
first to the third trimester of pregnancy. We reported confidence
intervals for APTT of 30.23 to 32.60seconds for healthy
pregnant patients less than 20 years of age and of 30.81 to
33.14seconds for healthy pregnant patients over 20 years of age.
These values are all within normal limits even for patients who
are not pregnant. These pregnant patients are healthy. Pregnancy
did not alter their blood values.
When APTT values are modified, they accompany other

diseases. Gao[3] reported APTT and prothrombin time as
potential factors influencing adverse maternal outcomes in acute
fatty liver during pregnancy, and APTT and frequency of fetal
distress were significantly higher in pregnancies with dead fetuses
than in those where viable fetuses.
Cui[2] also reported reference intervals for fibrinogen in the

third trimester of pregnancy of healthy Han patients 2.79 to 5.91
g/L (279–591mg/dL), increasing from the first to the third
trimester of pregnancy.
We reported confidence intervals for fibrinogen of 346.43 to

357.23mg/dL for healthy pregnant patients less than 20 years of
age and 356.46 to 379.33mg/dL for healthy pregnant patients
over 20 years of age. These values are all within normal limits
even for patients who are not pregnant. These pregnant patients
were healthy. Pregnancy did not alter their blood values.
Jin[4] reported significant increases in fibrinogen, D-dimer

reference intervals, and clear decreases in platelet counts and
thrombin time reference intervals. We did not find increases in
fibrinogen values in healthy pregnant patients before vaginal
delivery.
Fibrinogen was reported as a biomarker suggestive of

preeclampsia in the third trimester of pregnancy, with a potential
cutoff value of 2.87g/L (287mg/dL) for screening preeclamp-
sia.[5] Our patients had a median value of fibrinogen of 348.9mg/
dL for healthy pregnant patients less than 20 years of age, and
359.1mg/dL for healthy pregnant patients over 20 years of age,
higher than the 287mg/dL cutoff, and they all delivered vaginally.
No cesarean delivery was required, and no preeclampsia was
found, which means that fibrinogen alone is not enough to be a
biomarker suggestive for preeclampsia in pregnant patients.
Joly[6] showed that although fibrinogen and prothrombin

fragments 1 and 2 increased significantly throughout pregnancy,
there was no difference between high-risk venous thrombosis
pregnancies and normal pregnancies. We did not find a
significant increase in fibrinogen values in healthy pregnant
4

patients before vaginal delivery. Joly also reported an increase in
thrombin generation, but no correlation between thrombin
generation parameters and coagulation activation markers.
Romagnuolo[7] found significantly higher fibrinogen, F VIII,

and plasminogen activator inhibitor 1 levels, and thrombin
generation, in patients with recurrent pregnancy losses, with
respect to those observed in patients with uneventful pregnancies.
No fetal loss occurred in our study subjects.
Cui[2] also reported reference intervals for prothrombin time in

the third trimester of pregnancy of healthy Han patients 8.6 to
12.4seconds, and a decrease from the first to the third trimester of
pregnancy. We reported confidence intervals for prothrombin
time of 12.60 to 13.26seconds for healthy pregnant patients less
than 20 years of age and of 12.81 to 13.52seconds for healthy
pregnant patients over 20 years of age. These values are all within
normal limits even for patients who are not pregnant. These
pregnant patients are healthy. Pregnancy did not alter their blood
values.
It has been demonstrated that thrombin (resulting from

prothrombin) generation increased during pregnancy, starting
with the very early stages of the first trimester of normal
pregnancy.[8] We did not determine thrombin values, but
prothrombin time was within normal limits in healthy pregnant
patients.
Ratsch[9] reported that even bone marrow function was

influenced by pregnancy: the immature platelet fraction, as a
percentage of all thrombocytes, had the highest levels near term,
whereas thrombocyte counts decreased slowly during this period.
Kumar[10] demonstrated that total protein, prealbumin, folate,
and triceps skin fold could significantly predict prothrombin time
in hepatitis E infection in pregnancy. Our patients were healthy.
He[11] proved that hyperglycemia in pregnancy induced

dysfunctional pulmonary cell apoptosis and proliferation, and
aberrant structure of the alveolar wall in mice. Nakano[12]

demonstrated how maternal hyperglycemia was associated with
congenital heart disease: high glucose suppressed cardiac
maturation. Our patients (except for 4, 1.92%) did not have
hyperglycemia. And all of them were able to deliver vaginally.
Severe liver disease that is associated with elevated prothrom-

bin activity and elevated fasting blood glucose has been described
in pregnancy.[13] We found no healthy pregnant patient with
concomitant elevated prothrombin activity and elevated blood
glucose; though we did find 9 patients (8.73%) with elevated
prothrombin activity, and 4 (1.92%) with elevated blood
glucose.
A significant relationship between platelet indices and

gestational diabetes mellitus (GDM) has been found.[14] We
did not study platelet indices. In our hospital, patients with
gestational diabetes had a cesarean delivery.
Patients with histories of GDM had the same levels of

fibrinogen and tissue-plasminogen activator as patients without
GDM had.[15] Our study group did not include patients with
GDM.
In nondiabetic patients, with a history of parental type 2

diabetes, fibrinogen level was associated with previous GDM.[16]

We did not study the diabetic or nondiabetic status of the
pregnant patient’s parents.
Blood samples from the umbilical cord in placentas from

patients with GDM showed elevated glucose and fibrinogen
levels.[17] We reported two patients 26 and 24 years old who had
increased fibrinogen levels (484.4 and 414.7mg/dL) associated
with decreased blood glucose levels (64 and 63.73mg/dL). No
patient had elevated glucose and fibrinogen levels, although 8
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(7.76%) patients had elevated fibrinogen levels and 4 (1.92%)
others had elevated blood glucose levels.
A significant difference in fibrinogen levels was noticed

between pregnant patients with normal glucose tolerance and
pregnant patients with impaired glucose tolerance or GDM.[18]

We did not evaluate the glucose tolerance in these healthy
pregnant patients who were about to deliver.
Overweight pregnant patients had higher glucose concen-

trations and higher fibrinogen and prothrombin levels compared
with healthy pregnant patients.[19] We only studied healthy
pregnant patients.
But none of these studies focused on very young teenage

pregnant patients. Because maternal age has increased dramati-
cally lately, especially due to assisted reproductive technologies,
corresponding blood values are calculated for an average
pregnancy age of late 20s or even early 30s. Moreover, the
increase in the incidence of overweight worldwide has resulted in
an increase in reported blood values. To our knowledge, neither
coagulation test values nor blood glucose values in healthy
teenage pregnant patients have been reported separately.

5. Conclusions

This article shows that, even if variability existed between blood
values from one age group to another, the median values for
coagulation tests and blood glucose were very close in the healthy
teenage group of pregnant patients compared with the median
values of the healthy adult pregnant patients, just before vaginal
delivery. With very few exceptions, the values for coagulation
tests and blood glucose were within normal limits, in all age
groups of healthy pregnant patients.
The median values for coagulation tests (APTT, prothrombin

time, INR, prothrombin activity) and blood glucose were very
close in healthy pregnant teenagers compared with healthy adult
pregnant patients. Only the median value for fibrinogen was
significantly different in healthy pregnant teenagers (348.9mg/
dL) (IQR 21.7) compared with healthy adult pregnant patients
(359.1mg/dL) (IQR 29.88).
There also was a significantly lower blood glucose value in the

age group 20 to 29 compared with that in the other age groups,
but it was still within normal limits.
Neither a significant increase in coagulation test values nor a

significant increase in blood glucose values was found. Further
studies in larger groups of healthy pregnant patients are required
to establish the normal value for coagulation tests and blood
glucose in every age group.
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