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Abstract
Background: Postpartum hemorrhage (PPH) is the leading
cause of maternal mortality. To evaluate the possibility
that antepartum fibrinogen is associated with risk of
postpartum hemorrhage.

Methods and Findings: Retrospective analysis was
performed among 949 women with vaginal deliveries of
singletons at gestational week (GW) ≥ 36 to examine
associations of PPH, defined as estimated blood loss (EBL)
≥ 700 mL, with antepartum blood fibrinogen, platelet
count, and hemoglobin levels within 7 days prior to
delivery and demographic characteristics, including,
parity, maternal age, pre-pregnancy body mass index,
duration of labor, instrumental delivery, and birthweight.
Logistic multiple regression analysis was performed to
identify independent risk factors and odds ratios (OR).
PPH occurred in 127 (13%) women and was less frequent
as levels of fibrinogen increased with OR (confidence
interval) 0.97 (0.95 – 0.99) for 1.0 g/L increase in
fibrinogen level by logistic multiple regression analysis.
The other independent risk factors for PPH included
nulliparity,1.08 (1.03 – 1.12) and increased birthweight
1.02 (1.01 – 1.03) for each 100 g increase in birthweight.
PPH was more common in nulliparous than multiparous
women (16% [77/474] vs. 11% [50/475]) and in women
with instrumental deliveries (27% [8/30] vs. 13%
[119/919]). EBL was significantly negatively correlated
with fibrinogen and hemoglobin levels and positively with
GW at delivery and infant birthweight.

Conclusions: Antepartum fibrinogen level was an
independent risk factor for PPH, and each 1.0 g/L
decrease of antenatal fibrinogen level increased the risk of
PPH by 2.9% independent of other factors.

Keywords: Blood transfusion; Fibrinogen; Pregnancy;
Postpartum haemorrhage

Introduction
Fibrinogen, a positive acute-phase protein elevating in any

form of inflammation as well as in pregnancy, is the soluble
precursor of fibrin and a key contributor to both primary and
secondary hemostasis, promoting clot formation and platelet
aggregation. Patients with hypofibrinogenemia (defined as a
fibrinogen level<1.5 g/L) are prone to bleeding when exposed
to trauma or after giving birth [1,2]. Although fibrinogen levels
differ considerably between assay methods, blood fibrinogen
level increases to approximately double during pregnancy [3-6]
suggesting a physiological role of increased fibrinogen level in
maintaining pregnancy and postpartum hemostasis [2].

Postpartum hemorrhage (PPH) is the leading cause of
maternal mortality [7] and is associated with 12.5% – 19.1% of
maternal mortalities in the USA [8,9]. PPH accounted for
14.1%, 9.7%, and 6.7% of all causes of maternal mortality in
Japan in 2000, 2005, and 2010, respectively [10]. Various
etiologies, such as uterine rupture, uterine inversion, retained
placenta, and severe birth canal injury, may be identified in
some cases of PPH, but the definite etiology remains unclear
in the majority of cases. Although the leading etiology of PPH
is uterine atony, this is poorly defined at present and
represents a diagnosis of exclusion.

Twin pregnancy is a risk factor of PPH [11,12] Uterine
overdistension is considered to be attributable to PPH via
uterine atony in twin pregnancy [11]. However, fibrinogen
level determined at the initial stage of PPH is known to be a
good predictor of subsequent severe PPH [13-16] and women
with twin pregnancy are likely to exhibit a gradual decline in
fibrinogen level in the last several weeks of pregnancy leading
to lower antepartum fibrinogen level compared to those with
singleton pregnancies [17]. These observations suggest that a
low antepartum fibrinogen level may be associated with
higher risk of PPH. Indeed, at least two studies suggested that
lower antepartum fibrinogen level was associated with
increased risk of PPH [18,19].
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However, many demographic characteristics other than
antepartum fibrinogen levels may influence the risk of PPH.
This retrospective study was conducted to determine
independent risk factors for PPH.

Materials and Methods
This retrospective study was conducted with the approval of

the Ethics Committee of Tomakomai City Hospital, Tomakomai,
Hokkaido, Japan.

Participants
During the 2-year study period between June 1, 2009, and

May 31, 2011, a total of 1265 women gave birth to singleton
infants on gestational week (GW) 36 or more at Tomakomai
City Hospital (TCH) (Figure 1). Of these, 975 women (77%) gave
birth vaginally. During the study period at the TCH, complete
blood cell counts and blood fibrinogen concentration were
determined as part of the routine laboratory work-up on
admission of women for childbirth. Thus, three blood
variables, i.e., fibrinogen concentration, hemoglobin (Hb)
concentration, and platelet counts, were determined
simultaneously in the same blood samples. All data from the
institutional central laboratory regarding blood fibrinogen
levels, Hb concentrations, and platelet counts determined in
pregnant women were provided for this study with the
patients’ names and corresponding identification number for
each individual during the study period. After matching data
on blood tests with medical charts, 949 women were
identified as having data on blood tests determined within 7
days prior to delivery.

Figure 1 Flow diagram for selection of participants. *Blood
data determined within 7 days prior to delivery including
platelet counts, and haemoglobin and fibrinogen
concentrations. As many as 97.3% (949/975) of all 975
possible eligible women were included in this study.

Information on clinical and demographic characteristics was
obtained from medical charts of these 949 women. Thus, 949
women accounted for 97.3% of all 975 women who gave birth
to singleton infants on or after GW 36 during the study period.
Blood variables were determined on the day of delivery
(before delivery) in 553 (58%) women, and 1, 2, 3, 4, and 5
days before delivery in 315 (33%), 58 (6.1%), 18 (1.9%), 4
(0.4%), and 1 (0.1%) of the 949 women, respectively. Thus,
more than 90% of data on blood variables were those
determined within 48 hours before delivery.

Determination of fibrinogen level and
definition of PPH

The fibrinogen levels were measured at the TCH using a
coagulation analyzer (ACL TOP series and STACIA®;
Instrumentation Laboratory, Bedford, MA, USA) and reagents
provided by Mitsubishi Chemical Medience Co. Ltd. (Tokyo,
Japan). The correlation of fibrinogen values (y) obtained by
this system with those (x) obtained with another coagulation
analyzer (CS-5100®; Sysmex Co. Ltd., Tokyo, Japan) was as
follows: y = 1.4x – 4.1, R2 = 0.9648. PPH was defined as EBL ≥
700 mL in accordance with a previous report [18].

Statistical Analysis
Data are presented as medians. Statistical analyses were

performed using the JMP10© statistical software package
(SAS, Cary, NC, USA). Fisher’s exact probability test was used
for comparison of categorical variables. The Wilcoxon/Kruskal–
Wallis method was used for comparison of medians. Logistic
multiple regression analysis with a stepwise procedure (a
significance level of 0.1 was required to allow a variable into
the model, and a significance level of 0.05 was required for a
variable to stay in the model) was performed to identify
independent predictors of PPH and determine the odds ratios
(OR) using IBM SPSS Statistics® (ver. 19.0, IBM Japan Service
Co. Ltd., Tokyo, Japan). In all analyses, P < 0.05 was taken to
indicate statistical significance.

Results
The median EBL was 312 mL and EBL ≥ 500 mL, ≥700 mL,

≥800 mL, ≥1000 mL, and ≥1500 mL occurred within 24 hours
after delivery in 214 (22.6%), 127 (13.3%), 98 (10.3%), 57
(6.0%), and 22 (2,3%) of the 949 women, respectively (Table
1). Thus, PPH occurred in 13.3% of the 949 women in this
study. In comparison with 822 women without PPH (Table 1),
the numbers of nulliparous women and of women with
instrumental delivery were significantly greater, antepartum
levels of Hb and fibrinogen were significantly lower, GW at
delivery was significantly more advanced, and infant
birthweight was significantly greater in 127 women with PPH.

Table 1 Demographic characteristics of participants.
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EBL (mL)

Overall <700 ≥700 P-value

Number of women 949 822 127 0.8606

Age (years) 29 (16 - 45) 29 (16 - 44) 29 (18 - 45) 0.0097

Nulliparity 474 (50.0%) 397 (48.3%) 77 (60.6%) 0.8092

Pre-pregnancy BMI
(kg/m2) 20.5 (14.4 –1.5) 20.6 (14.4 – 41.5) 20.5 (16.4 – 35.2) 0.0135

Hemoglobin
concentration (g/dL) 10.9 (7.4 – 6.5) 10.9 (7.4 – 16.5) 10.6 (8.2 – 14.8) 0.0728

Platelet count (×109/L) 23.6 (4.5 – 8.5) 23.8 (4.5 – 48.5) 22.8 (9.4 – 40.4) 0.0421

Fibrinogen
concentration (mg/dL) 538 (295 - 147) 540 (295 - 1147) 524 (331 - 894) 0.0001

GW at delivery 39.6 (36.1 – 1.9) 39.6 (36.1 – 41.9) 39.9 (36.6 – 1.9) 0.2461

Duration of labor (min) 380 (29 - 2385) 376 (29 - 2385) 409 (43 - 2152) 0.0369

Operative delivery 30 (3.2%) 22 (2.7%) 8 (6.3%) <0.0001

Infant birth weight (g) 3040 (1642 - 4220) 3015 (1642 - 4220) 3195 (2106 - 4045) 0.7467

Male infant 488 (51.4%) 421 (51.2%) 67 (52.8%) <0.0001

EBL (mL) 312 (50 - 3900) 282 (50 - 691) 940 (700-3900) <0.0001

≥500 214 (22.6%) 87 (10.6%) 127 (100%) <0.0001

≥700 127 (13.4%) 0 (0.0%) 127 (100%) <0.0001

≥800 98 (10.3%) 0 (0.0%) 98 (77.2%) <0.0001

≥1000 57 (6.0%) 0 (0.0%) 57 (44.9%) <0.0001

≥1500 22 (2.3%) 0 (0.0%) 22 (17.3%) 0.8606

Data are presented as median (range) or number (percentage). EBL, estimated blood loss; BMI, body mass index; P-value was obtained with Mann-Whitney U test,
Chi-square test, or Fisher’s exact test as appropriate.

Characteristics of nulliparous women and women with
instrumental delivery (Table 2).

Nulliparous women gave birth to significantly smaller
infants, had significantly higher rates of instrumental delivery,
exhibited significantly higher antepartum Hb levels and greater
EBL, and had significantly higher rates of PPH compared to
multiparous women. Women with instrumental delivery were
significantly more likely to be nulliparous, exhibited greater
EBL, and had significantly higher rates of PPH compared to
those who gave birth without the aid of instruments.
Fibrinogen levels did not differ significantly between two
groups divided by either prior history of childbirth or the use
of instruments in the current childbirth.

Distribution of antepartum fibrinogen levels (Figure 2).
Antepartum fibrinogen concentrations of ≤4.0 g/dL, 4.01-4.5
g/L, and 4.51-5.0 g/L were seen in 1.6% (15/949), 11%
(102/949), and 20% (193/949) of the 949 women, respectively
(Figure 2).

Correlations of EBL with GW at delivery, infant birthweight,
and antepartum fibrinogen and Hb levels (Figure 3).

Table 2 Association of nulliparity and instrumental delivery
with other variables.

Nulliparity Instrumental delivery

Yes
(n=474)

No (n=475) Yes (n=30) No (n=919)

Nulliparity NA NA 28 (93%) 446 (49%)*

GW at
delivery

39.6 39.4* 39.7 39.6

Birth-
weight (g)

3000 3085* 3121 3040

Instrument
al delivery

28 (5.9%) 2 (0.4%)* NA NA

Hemoglobi
n (g/dL)

11.1 10.7* 10.9 10.9

Platelet
(×109/L)

22.8 24.5* 22.3 23.6

Fibrinogen
(g/L)

5.40 5.37 5.17 5.39

EBL (mL) 330 290* 461 310*
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PPH 77 (16%) 50 (11%)* 8 (27%) 119 (13%)*

Data are presented as median.

GW, gestational week; EBL, estimated blood loss; NA, not applicable; PPH,
postpartum hemorrhage defined as EBL ≥ 700 mL; *P<0.05 vs. counterpart.

Figure 2: Frequencies of various fibrinogen levels
determined within 7 days before delivery in 949 women.
Figures at the top of the bars indicate number of women.
The 5th, 10th, 50th, 90th, and 95th percentile values were
4.23, 4.40, 6.49, 5.38, and 6.85 g/L, respectively.
Antepartum fibrinogen levels of 3.5 g/L, 4.0 g/L, 4.5 g/L,
and 5.0 g/L were 0.7th, 1.6th, 12.3th, and 32.5th percentile
values in the 949 women, respectively.

Figure 3: Correlations of EBL with four variables. The EBL
was significantly correlated with gestational week (GW) at
delivery, infant birth weight, antepartum fibrinogen
concentration, and haemoglobin concentration, but not
with platelet count (P = 0.1726).

The EBL showed significant positive correlations with GW at
delivery (P<0.0001) and infant birthweight (P<0.0001), and
significant negative correlations with fibrinogen level (P =
0.0084) and Hb level (P = 0.0006) (Figure 3), but not with

platelet count (P = 0.1726). Thus, women with advanced GW
at delivery, greater infant birthweight, lower antepartum
fibrinogen level, and lower antepartum Hb level were
suggested to be at higher risk of PPH. Indeed, the prevalence
rate of PPH differed significantly between two groups divided
by certain cut-off values of GW at delivery, infant birthweight,
antepartum fibrinogen level, and antepartum Hb level (Figure
4). An effect of small-for-gestational age (SGA) infant on PPH
was examined separately. The PPH occurred significantly less
often in the SGA cases than in the remaining cases not having
SGA (2.5% [2/79] vs. 14.4% [125/870], P = 0.0007).

Figure 4: Frequencies of PPH in two groups divided by cut-
off levels of four parameters in 949 women.*, P<0.05 vs.
women above the cut-off value (Fisher’s exact test).
Significant differences in PPH rate were seen at fibrinogen
cut-off levels of 4.0 g/L (33% [5/15] vs. 13% [122/934], P =
0.0391), 4.1 g/L (29% [7/24] vs. 13% [120/925], P = 0.0315),
4.8 g/L (17% [37/212] vs. 12% [90/737], P = 0.0338), 4.9 g/L
(18% [47/261] vs. 12% [80/688], P = 0.0077), and 5.0 g/L
(17% [52/310] vs. 12% [75/639], P = 0.0220).

Independent Risk Factors for PPH
The following seven factors were entered into the model:

nulliparity (yes/no), instrumental delivery (yes/no), and
continuous variables of GW at delivery, infant birthweight, Hb,
platelet count, and fibrinogen level. Three factors, i.e.,
nulliparity, infant birthweight, and fibrinogen level, were
selected as significant independent risk factors for PPH. The
OR (95% confidence interval) were 1.08 (1.03 – 1.12) for
nulliparity (P<0.001), 1.02 (1.01 – 1.03) for each 100 g increase
in birthweight (P<0.001), and 0.97 (0.95 – 0.99) for each 1.0
g/L increase in fibrinogen level (P = 0.013). Thus, nulliparous
women had a 1.08-fold higher risk of PPH independent of
other factors, and each 100 g increase in birthweight and 1.0
g/L decrease in antepartum fibrinogen level increased the risk
of PPH by 2.0% and 2.9%, respectively, independent of other
factors.
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Discussion
This study indicated that antepartum fibrinogen level as well

as nulliparity and infant birth weight were independent risk
factors for PPH.

Fibrinogen level determined during PPH has been identified
as an important factor influencing the clinical course of PPH
[13-16] Women that developed severe PPH later had a low
fibrinogen level at the initial stage of PPH [13-16] fibrinogen
determined at the initial stage of PPH is the only marker
associated with the occurrence of severe PPH [14-16] and the
risk of severe PPH increases by 2.63-fold for each 1.0 g/L
decrease in fibrinogen level determined at the initial stage of
PPH [14]. These previous reports indicated that fibrinogen
level at the initial stage of PPH is a significant predictor of the
severity of PPH, and decreases in fibrinogen level are well
correlated with EBL during PPH. In addition, these reports also
suggested that antenatal fibrinogen level before
commencement of labor may be lower for women who will
develop PPH than for those who will not develop PPH, i.e., a
low antepartum fibrinogen level is a risk factor for the
occurrence of PPH.

This was true in at least three different cohorts [18,19]
including the present study: mean (SD) or median antepartum
fibrinogen level was significantly lower for PPH than for non-
PPH women with vaginal deliveries, i.e., 4.3 (1.3) vs. 4.9 (1.0)
g/L, respectively (P<0.05), in a study by Simon et al. [19] 3.93
vs. 4.18 g/L, respectively (P = 0.025), in a study by Yamada
[18], and 5.2 vs. 5.4 g/L, respectively (P = 0.0421), in the
present study (Table 1); and the relative risk of PPH was 6.09
(3.30 – 11.25) (35% [9/26] vs. 5.9% [37/651], respectively) for
women with <3.8th percentile fibrinogen value (2.9 g/L) in the
study by Simon et al. [19] 2.01 (1.20 – 3.39) (38% [11/29] vs.
19% [58/308], respectively) for women with <8.3rd percentile
fibrinogen value (3.3 g/L) in the study by Yamada et al. [18]
and 2.25 (1.17 – 4.28) (29% [7/24] vs. 13% [120/925],
respectively) for women with ≤2.5th percentile fibrinogen
value (4.1 g/L) in the present study (Figure 4). Thus, women
with a low antepartum fibrinogen value had significantly
higher risks of PPH compared to those without a low
antepartum fibrinogen value in these three studies. However,
in a study by Peyvandi [20] the mean fibrinogen level was
similar between women with and without PPH of EBL ≥ 500 mL
(4.8 g/L vs. 4.8 g/L, respectively) and the PPH prevalence rate
was similar between quintiles according to antepartum
fibrinogen levels (25%, 25%, 24%, 24%, and 23% for the 1st,
2nd, 3rd, 4th, and 5th quintile groups, respectively). The
corresponding values in the present study were 27%, 24%,
24%, 21%, and 17%, respectively, if we stratified the 949
women according to ascending antepartum fibrinogen level
quintiles and used EBL ≥ 500 mL as a definition of PPH.

The following observations may further support our finding
that antepartum fibrinogen is a risk factor for PPH; the
prevalence rate of low fibrinogen level (<2.0 g/L) determined 6
– 9 months after delivery was reported to be more frequent in
women that had experienced severe PPH than in those who
had not (8.1% [28/347] vs. 2.5% [16/634], respectively) and a

low fibrinogen level 6 – 9 months after delivery was shown to
be independently associated with a significant risk of severe
PPH [21]. It was speculated that women with low postpartum
fibrinogen level 6 – 9 months after delivery would have
exhibited an insufficient fibrinogen increase during pregnancy,
thus leading to a low antepartum fibrinogen level and elevated
risk of PPH.

The absolute fibrinogen values differed considerably
between studies, possibly due to differences in assay methods
used; 50th percentile fibrinogen value was 4.9 g/L in the study
by Simon et al. [19] mean antepartum fibrinogen level was 4.8
g/L in that by Peyvandi et al. [20], 20th and 50th percentile
fibrinogen values were 3.60 and 4.11 g/L in the study by
Yamada et al. [18] and the 10th and 50th percentile fibrinogen
values were 4.4 and 5.38 g/L in the present study. Therefore,
although the absolute fibrinogen values were higher compared
to those in studies by Yamada et al.18 and Simon et al. [19]
they were relatively similar to those in two other studies in
which 2.5th – 97.5th percentile values were 3.5 – 6.5 g/L (10.3
– 19.1 μmol/L) at GW 35 – 424 and mean value was 5.2 g/L
(15.4 μmol/L) at GW 34 – 37 in another [5].

Macrosomia and instrumental delivery, but not nulliparity,
were listed as risk factors for PPH [11,22]. In a recent study by
Prick et al. [23] severe PPH defined as EBL ≥ 1000 mL was
shown to occur in approximately 5.0% of Danish women, and
the risk of severe PPH increased with increasing infant birth
weight: 3.5%, 4.2%, and 6.8% for spontaneous vaginal
deliveries of infants with birth weight<10th percentile, 10 –
90th percentile, and >90th percentile, respectively, and was
more common in nulliparous than multiparous women (5.1%
vs. 3.9%, respectively) and in women with assisted vaginal
delivery than spontaneous vaginal delivery (6.4% vs. 4.3%,
respectively) [23] consistent with the results of the present
study. In the UK population, the most severe PPH defined as
EBL ≥ 1500 mL occurs in 2.8% (74/2608) and 1.3% (121/9453)
of women with instrumental and spontaneous vaginal
deliveries, respectively [15]. However, nulliparous women
accounted for 93% (28/30) of those with instrumental
deliveries, and instrumental deliveries were used more often
in nulliparous than in multiparous women (5.9% vs. 0.4%,
respectively) (Table 2), and nulliparity, but not instrumental
delivery was an independent risk factor for PPH in this study.
Thus, instrumental delivery was a confounding factor in this
study.

Although PPH is usually defined as EBL ≥ 500 mL [24] this
study defined PPH as EBL ≥ 700 mL, which occurred in 13%
(127/949) of women with vaginal singleton deliveries, based
on the following observations: EBL ≥ 500 mL is common,
occurring in 42% of Japanese women with vaginal deliveries,
[18] in 24% of 4061 Italian women with vaginal deliveries [20]
and in 23% of the 949 women in this study; and the Japanese
Guidelines for Obstetrical Practice report a 90th percentile
value of EBL after vaginal delivery of 800 mL [25] In the Danish
population, although PPH defined as EBL ≥ 500 mL is less
common, occurring in 12% (429/3521) of singleton
pregnancies, including caesarean deliveries [26] compared to
23% (214/949) in this study, severe PPH defined as EBL ≥ 1000
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mL occurs in approximately 5.0% of women with vaginal
deliveries,23 comparable to that of 6.0% (59/949) in this study.
In the UK population, EBL ≥ 1500 mL occurs in 1.6% of women
with vaginal deliveries [15] comparable to the value of 2.3% in
this study (Table 1). Thus, the prevalence rate of EBL around
500 mL differed considerably between study populations, but
its rate around 1000 mL or more did not differ markedly
between study populations.

Our results may not have been distorted by the
retrospective cohort study design as our protocol for
management of pregnant women did not include any specific
treatment options according to antepartum fibrinogen level.
Therefore, it was reasonable to speculate that the
management of parturient women did not differ between
those with low and high fibrinogen levels. In addition, as this
study included 97.3% (949/975) women who gave birth to
singleton infants on or after GW 36 during the study period,
possible selection bias was unlikely to have affected the
results.

In conclusion, the present study including 949 women
(97.3% of all possible eligible women) demonstrated that
antepartum fibrinogen level as well as nulliparity and infant
birth weight are independent risk factors for PPH (defined as
EBL ≥ 700 mL, occurring in 13% of women). Nulliparous
women had a 1.08-fold higher risk of PPH independent of
other factors, and each 100 g increase in birth weight and each
1.0 g/L decrease of antepartum fibrinogen level increased the
risk of PPH by 2.0% and 2.9%, respectively, independent of
other factors.
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